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Preface
In August 2004 Statistics Finland hosted  the 8th meeting of the Ottawa Group, the interna-
tional working group on price indices. This publication contains the post-conference final
versions of the papers that were presented in the meeting as well as the session summaries
prepared by the session moderators. In addition to this publication, these papers will in the
future also be available through the Ottawa Group web-site (www.ottawagroup.org).

On behalf of Statistics Finland I would like to express  my gratitude and thanks to the session
leaders, speakers and participants  of the meeting for the excellent papers and for the fruitful
discussion during the meeting.

Kari Molnar
Director, Prices and wages statistics
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 Opening address1

Hosting this conference is a great pleasure for Statistics Finland. Statistics Finland has, throughout
the years, attempted to produce high quality official statistics that is based on up-to-date interna-
tional standards and academic research. This applies particularly to the field of price indices, where
we have contributed to international discussion by or own research work as well. One important
background for our activity in the field of price index research is the long price index research tra-
dition at the University of Helsinki, initiated by professor Leo Törnqvist in 1930's and carried for-
ward by his students and successors. You will be hearing some recent results of this tradition also
during this meeting. I hope you will enjoy these and all the other interesting papers to be presented
during the next days.

Let me now say a few words about the role of the Ottawa city Group in general and the themes of
this meeting in particular.

I think the Ottawa Group has to a large extent justified its existence as a fruitful forum for the ex-
change of experiences in academic research and practical CPI compilation. The most important
feature, from the point of view of a statistical agency, is the city groups' capacity to propose rec-
ommendations for best practices and identify the future fields of research. It is evident, that the dis-
cussions and recommendations of the Ottawa Group have greatly influenced the contents of the new
international CPI and PPI manuals. As such, I consider the publication of these two manuals as a
major improvement in the field of price statistics.  I would very much like to see the Ottawa Group
stress the function of making recommendations  in its activities, especially now as the new interna-
tional manuals are both meant to be "living documents". The Ottawa group would be a natural, al-
ready existing forum to take care of the identification of the updates needed to the manuals, espe-
cially the CPI manual.

The price indices, especially CPI's, are always under a strict public watch. This is a natural conse-
quence of the large-scale economic impact the indices have to the public and private economy.
During the past decade or so, much of the price index research have been inspired by the arguments
put forward in the Boskin report of 1996. The focus of research has generally been in the field of
quality change issues like technical change of the technology-intensive products and, on the other
hand, in the field of different index formulae designed to measure "the change in the cost of living"
or "pure price change".

If we take a look at the recent public discussion relating to CPI's, the focus of the discussion seem
to be switching to other areas. In Europe, in connection with the introduction of the common cur-
rency Euro, a severe distrust towards the results of the official consumer price indices have
emerged. To take just one example: The first CPI results published by Statistics Finland after the
introduction of the Euro pointed out that the introduction of the new currency had no effect to the
general price level.  After the release of the CPI results, a newspaper carried out a readers' poll
posing the question: "Statistics Finland claims,  that the introduction of the Euro has not caused a
rise in price level. Do you agree or disagree?" Only 6 per cent of the respondents agreed, 94 per
cent said that they disagree with the official CPI. Although the discussion in Finland seems to have
calmed down, in several European countries the public credibility of the CPI's still suffers from the
distrust that emerged in connection with the Euro changeover.
Around the world, there has also been public concerns relating to the general quality of the CPI's
that have been caused by statistical treatment of some difficult areas like insurance services or
                                                
1 Jarmo Hyrkkö, Associate Director General, Statistics Finland
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housing. The introduction of new data collection methods like the use of scanner data have in some
cases lead to errors in production process of the CPI's  and, in the extreme cases, called for a revi-
sion of the CPI results.

The past research on Consumer Price Indices has been concentrated on strictly CPI-related issues
like quality change from consumers' point of view or cost-of-living related discussion motivated by
the use of CPI's as income escalators. However, from a methodological point of view,  CPI's share a
lot with other price indices like PPI's or international price level comparisons.  There is clearly a
possibility of utilising CPI-related research in the other fields of price indices as well or, more gen-
erally, to conduct research and development work that would be applicable in several price indices.
The possibility of taking into account not only the CPI but also price indices in general in the work
of the Ottawa Group is already inherent in the remit of the group.

I am glad to note that the agenda of the meeting does respond to the public concerns about the qual-
ity of CPI's and other developments in the field of price indices that I have pointed out. I'm looking
forward to see the results of this meeting with respect to the topics in the agenda.

I would like to thank all of you that have produced a research paper for this meeting for your effort,
the steering committee of the Ottawa Group that has supervised the organisation of this meeting,
those of you that have volunteered to chair sessions and produce summaries of the recommendation
and, of course, all of you that have devoted your time and come here to discuss price index issues.
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Session 1 - Price indices for services

Moderator: Rósmundur Guðnason, Statistics Iceland

Summary of Session

In this session three papers were presented:

George Beelen described the treatment of property-casualty insurance in the Canadian CPI, the
three categories of such insurance being vehicle, homeowners� and tenants� insurance.  The current
treatment of insurance was explained in terms of scope, weight and pricing with comparisons to the
discussion of insurance in the new international CPI manual.

There has been significant public attention on property-casualty insurance in the Canadian CPI.  All
insurance categories have increased considerably more than the All-items CPI in the last few years.

The Canadian CPI was criticized as using inappropriate concepts and inconsistent methodology for
property-casualty insurance.   Some of these criticisms were that the Canadian CPI basket placed
too much weight on insurance, that the price change should be not be based on changes in gross
premiums concept but rather on changes in �premiums less claims�, and that the CPI should hold
the probability of occurrence of risk events constant in its pricing methods.

The paper argues that even if a direct method of holding all risk factors constant could be devel-
oped, it would not necessarily be desirable for the purposes of the official Canadian CPI, based on a
risk-assuming definition of insurance services.   Tracking changes in the gross premiums of insur-
ance policies of constant terms and conditions without adjusting for risk probabilities is the most
appropriate method for a CPI whose primary purpose is to reflect changes in the purchasing power
of the consumer dollar.

David Fenwick presented a paper by Fenwick and Ball dealing with different strategies for the
pricing of mobile telecom services. The traditional tariff approach to the costing of mobile tele-
phone calls fails to take into account the full range of package options available to consumers over
the life of the �fixed� basket. The method proposed in this paper samples profiles and then selects
for pricing the appropriate package from each service provider. It assumes a rational consumer who
has perfect knowledge but this assumption is more realistic than the alternative of the ill-informed
laggard, particularly in telecommunications in the UK where unit cost information is readily avail-
able and where at points in time customers can transfer from one tariff to another free of charge.�

Keith Woolford presented an experimental index ABS aims to use fro measuring price changes for
some of the most significant financial services acquired by households � deposit and loan facilities
provided by financial institutions and services associated with the acquisition and
disposal of shares and real estate.

Recommendation for Statistical Agencies:

The production of reliable price measures for services like insurance or financial services is not
straightforward. The development of proper measurement systems is costly and often requires in-
tensive co-operation with companies and institutions providing such services. Statistical agencies
are encouraged to foresee this when planning to undertake development and research work in this
important area.
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George Beelen2: The Treatment of Property-Casualty Insurance in
the Canadian CPI3

Introduction and Background: This paper is about the treatment of property-casualty insurance in
the Canadian CPI, the three categories of such insurance being vehicle, homeowners� and tenants�
insurance.  The current treatment of insurance is explained in terms of scope, weight and pricing
with comparisons to the discussion of insurance in the new international CPI manual.

The paper was motivated mainly by two events.  First, Statistics Canada is reviewing its methods in
light of the new CPI manual.  Second, there has been significant public attention on property-
casualty insurance in the Canadian CPI.

All insurance categories have increased considerably more than the All-items CPI in the last few
years.  Insurance industry sources have attributed rising vehicle premium rates to increased claims
costs, including higher pain and suffering awards made in the justice system, higher hospital care
costs (described as much higher �human body repair� than �auto body repair� costs) , and, in-
creased rates of fraudulent claims.  Lower returns on investment of premiums (i.e. premium sup-
plements) were also cited as a factor driving up premium rates by some analysts and commentators,
although industry representatives have stated that this is not a major factor.

The criticisms of the Canadian CPI arose in part because timing problems caused some premium
rate increases to be reflected in the CPI later than when the rate increases actually occurred, par-
ticularly for vehicle insurance.  Lags in the provision of information to Statistics Canada on pre-
mium rate changes by some companies occurred.  As a result, the premium rate increases that oc-
curred in fact over a three year period were compressed into about an 18-month time period in the
CPI.  These timing problems should be avoided in future based on recent work with the insurance
industry association and with individual insurance company respondents to ensure better and time-
lier reporting.

The Canadian CPI was also criticized as using inappropriate concepts and inconsistent methodology
for property-casualty insurance.   Some of these criticisms were that the Canadian CPI basket
placed too much weight on insurance, that the price change should be not be based on changes in
gross premiums concept but rather on changes in �premiums less claims�, and that the CPI should
hold the probability of occurrence of risk events constant in its pricing methods.

Scope in the Canadian CPI: Property-casualty insurance (homeowners�, tenants�, vehicle) catego-
ries are currently included in the Canadian CPI.  Homeowners� insurance is included in the official
Canadian CPI since a homeowner-cost concept rather than rental equivalence method is used for
owner-occupied housing.4

Whole life insurance is excluded from the CPI, mainly because the investment element of whole life
insurance cannot be separated from the term insurance component.  Term life and disability insur-
ance are currently not included in the Canadian CPI due to the practical difficulties of producing
suitable price indexes rather than for any conceptual reasons.  In practice some disability insurance

                                                
2 Statistics Canada
3 This paper reflects the views of the author and not necessarily those of Statistics Canada
4 However, for analytical and comparison purposes, data are published regularly using other conceptual treatments for
owner-occupied housing including rental equivalence, money outlays and net purchase concepts.
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is in fact reflected in the CPI via the vehicle insurance component since there is usually a disability
insurance component in vehicle insurance premiums.

Health services received by the population via the publicly-funded health �insurance� system are
excluded from the CPI.  In some provinces these services are completely financed by taxes and
therefore are treated as a public service.  In other provinces, households pay public health �insur-
ance premiums� but these are considered similar to income taxes (and in fact are often administered
similarly to income taxes) and thus are outside the scope of the Canadian CPI.

Private supplementary health, pharmaceutical and dental insurances are not included in the CPI but
are not excluded on conceptual grounds.  To date, they are not reflected in the CPI due to the practi-
cal difficulties in producing price indexes for these services.

Scope in the new CPI manual:  The concepts and scope chapter in the new CPI manual discusses
insurance in paragraph 3.49.  �In the case of non-life insurance, the net premium is essentially a
transfer that goes into a pool covering the collective risks of policy holders as a whole. As a trans-
fer, it falls outside the scope of a CPI. In the case of life insurance, the net premium is essentially a
form of financial investment. It constitutes the purchase of a financial asset, which is also outside
the scope of a CPI�.

The manual therefore considers the portion of premiums used to fund claims to be a transfer and
outside the scope of the CPI. This would imply that the weights for non-life insurance in a CPI
should exclude the portion of gross premiums that funds claims.  This treatment apparently derives
from a risk-pooling view of insurance, i.e. provision of insurance administration services on behalf
of a population.  As will be explained in this note, this is not consistent with the current treatment of
non-life insurance in the Canadian CPI.

It seems that the subsequent discussion of insurance in the CPI manual in Chapter 10 is also not
consistent with the scope statement for insurance in Chapter 3.  If the portion of premiums used to
fund claims is out of scope as stated in Chapter 3, then the only conceptually consistent weighting
basis for insurance is premiums net of claims.

Weight of Property-Casualty Insurance in the Canadian CPI: The CPI for Canada uses gross
expenditures on property-casualty insurance premiums of households as reported to the Survey of
Household Spending or SHS (up to 1996 called the Family Expenditure Survey) as the basis of
weights for vehicle, tenants� and homeowners� insurance categories.  In the most recent basket up-
date based on expenditures in 2001, vehicle insurance has about 2.7% of the total basket weight,
homeowners� (home and contents) insurance about 1% and tenants� insurance 0.1%.

Insurance is weighted on the basis of gross premiums and expenditures on all other goods and
services are supposed to be net of consumers� purchases financed by insurance claims (this is the
option in the CPI manual, paragraphs 10.159 and 10.160).  In the Canadian SHS, households are
asked to include expenditures on goods or services, and any �deductible� or co-insurance amounts
paid by consumers but excluding the portion of purchases paid for or financed from claims.  This
approach is used to avoid reporting problems when the amounts financed by claims are not known
to the consumer.  For example, in Canada it is not unusual that the costs of vehicle repairs are
sometimes negotiated and paid directly by an insurance company to the vehicle repair garage.
However, some respondents to the SHS cannot or do not always remember to exclude claims-
financed expenditures so tradeoffs exist no matter how the questions are asked.

Note that expenditures on some forms of insurance associated with other specific commodities such
as travel insurance or the purchase of extended warranties (a form of insurance) on vehicles or ap-
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pliances are currently included in the CPI with the expenditure weights for these products.  In prac-
tice, the product specifications for pricing purposes usually do not include insurance or extended
warranties, at least for products for which only a minority of consumers buy such insurance or ex-
tended warranties.   In effect, changes in the prices of the commodities themselves are used as
proxies for changes in the prices of the associated insurance services.

Weights in the CPI Manual: The CPI manual discusses options for weighting insurance under the
payments, use and acquisitions approaches in Chapter 10.  Three plausible options are: 1. Gross
premiums, net expenditures 2. Net premiums, gross expenditures and 3. Gross premiums, gross ex-
penditures.  The manual points out that not all proceeds from claims are used to replace or repair
damaged items.   Households can use the claims funds for other purposes and some claims are paid
to non-households (businesses or government) to compensate for damage or destruction to their
property, for example.

The Canadian CPI uses the first option (gross premiums, net expenditures) despite these problems.
The property insurance weights in the Canadian CPI reflect gross premiums paid but weights for all
other goods and services reflect expenditures reduced to the extent that Canadian households con-
sider that insurance claims proceeds were used to purchase other goods and services.  To date the
third option (gross premiums, gross expenditures) has not been adopted because this option has
been viewed as �double-counting� expenditures since it includes both gross insurance premiums as
well as expenditures on other goods and services financed in part by the gross premiums.  However,
the gross premiums, gross expenditures option has some advantages and will be considered for fu-
ture basket updates.  The main advantage of this option is that response to the Survey of Household
Spending would be simpler, avoiding problems of inconsistent exclusions of claims-funded expen-
ditures.

Measurement of Price Change for Insurance in the Canadian CPI:  In the case of property in-
surance, the Canadian CPI measures price change by tracking gross premium rates for a sample of
insurance policies.  For example, for vehicle insurance, the method uses samples of insurance com-
panies, of geographic regions, of driver profiles (age, gender and usage of vehicle and driving rec-
ords), and of classes of vehicles, for insurance policies with fixed characteristics (such as deductible
levels, any other co-insurance provisions, liability maximums, and other policy provisions).  The
policy characteristics and samples are updated periodically as judged necessary.   Statistics Canada
has recently updated these samples, based partly on data and advice from the Insurance Bureau of
Canada.

No attempt is made to hold constant total expected claims costs of insurers.  Adjustments are not
made for changes in the probabilities of claims nor for �changes in the prices and repair costs of
insured goods and altered health service prices� (Ralph Turvey, see Appendix of this paper).
Therefore, the �quality� which is being held constant is the �security of the consumer, rather than
the volume of the repairs, replacement and health treatment paid for by claims.� (Turvey)

In the case of homeowners� insurance, the index measures changes in the cost of insuring a fixed
stock of dwellings against a specified list of risk events or perils. This cost varies not only with
changes in insurance rates for given property values, but also with changes in the values of proper-
ties covered which result from changes in dwelling prices.  Thus, the price of homeowners� insur-
ance is estimated from the product of two component index series.  The first measures the change in
the value of properties as measured by the house component of the New Housing Price Index.  The
second component index measures the change in insurance rates of identical insurance policies for
properties of given constant value, using premium rate information from insurance companies in the
sample.
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Discussion of the Current Approach: The insurance price indexes in the Canadian CPI reflect
changes in the price to consumers of obtaining insurance coverage against the economic conse-
quences of a specified list of perils, based on changes in gross premiums for a sample of identical
(or at least very similar) insurance policies.  By comparing changes in premiums of identical insur-
ance policies, the methods used ensure that the Canadian CPI does not reflect as price change the
impacts of any changes in the type of property or in the population being insured.  For example, the
vehicle insurance price index will not change due to changes in the mix of vehicles or demographic
profile of the driving population.

Insurance premiums provide the funds from which claims are paid out.  Premiums also compensate
insurance companies for the services they provide (the �implicit service charge�).  These insurance
services include setting premium rates, collecting premiums, investing premiums (i.e. earning the
�premium supplements�), and settling claims fairly (including minimizing fraudulent claims).

The current Canadian method reflects any change in gross premiums for an identical policy (i.e.
with all contract details and conditions including driver and vehicle classes held constant) as a price
change, whatever the reason for the change.  Premiums for policies can change as a result of
changes in expected claim values (arising from changes in the probabilities of the occurrence of risk
events or in the value of claims arising from risk events occurring) or changes in the implicit service
charges of insurance companies for administering insurance.

The method used is partly based on pragmatism.  The gross premium rates for insurance policies are
observable and, despite the recent timing problems, usually available in the time frame required for
a CPI.   However there is no direct method of holding constant some or all of the expected claims
costs.  In other words, there is no method available for determining whether a change in premiums
is due to changes in the level of expected claims, changes in �premium supplements� or changes in
the implicit service charge.

Consider the range of factors affecting risks which can cause changes in premiums in vehicle insur-
ance for example.  Expected claims costs are affected by changes in the probabilities of the perils
and in the likelihood that a claim will be made, and in the level of payouts for claims. Changes in
the probabilities of the occurrence of risk events are the result of many factors including highway
and vehicle design, the amount of traffic congestion, even levels of enforcement of speeding laws.
The probability of a claim being made is affected by changes in the willingness of potential claim-
ants to make, or not make, a claim when legitimately entitled to do so.  Drivers often face the choice
of making a claim and risking personal rate increases or not making a claim and keeping a clean
record with their insurer.  As well, the probability of claims is affected by the rate of fraudulent
claims.  The average payout level of claims is affected by many factors, including changes in re-
placement and repair costs of property insured, health care costs, income levels (affecting payout
for time lost from work) and even changes in the justice system in making awards for pain and suf-
fering claims.

Jack Triplett5 calls the two views of insurance the risk-assuming and risk-pooling views (the latter
reflected in the 1993 System of National Accounts).  The scope statement discussed earlier takes the
risk-pooling view.  �In the risk-assuming view of insurance, the policy holder buys the service of
having assets or income protected against loss� (Triplett).  The Canadian CPI treatment is consistent
with the risk-assuming view of insurance.

It is how insurance services are defined that becomes the key issue in the debate in its CPI treat-
ment.  In effect the Canadian treatment of property insurance views insurance as a form of �re-
                                                
5 �Chapter Six: Price, Output and Productivity of Insurance: Conceptual Issues in Services� in Productivity in the
United States, New Sources of Economic Growth, Jack Triplett, Brookings Institution, pending.
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placement guarantee�, that is, property insurance from the consumer point of view is �considered
the price of a guarantee that goods will be restored or replaced up to specified limits, in cases such
as accident, fire ant theft.�6  Risks transferred to insurers include the economic costs arising from
loss or damage to property, the costs of health care and rehabilitation, loss of income due to per-
sonal injury arising from an accident, and liability for property damage or injuries to others.
Change in price of insurance becomes any change in the price of providing the replacement guar-
antee within the terms and conditions of the insurance policy.

Much debate at Statistics Canada has been on the question of what should be �held constant� for
insurance.  The current treatment in the CPI is said to hold constant the �level of security�.

Bohdan Schultz7 suggested approaching the problem from the perspective of the services rendered
to the consumer; for example vehicle insurance as a component of private transportation services.
The Canadian CPI has ten component indexes that comprise an index for private transportation
services, including purchase and leasing of automobiles, gasoline, vehicle parts and supplies, main-
tenance and repair services, and insurance.  From this perspective, any change in vehicle insurance
premiums for an identical policy, whether due to changes in the probabilities of claims, in the aver-
age costs of claims or in the implicit service charges of insurance companies, would not change the
amount or quality of private transportation service received by consumers and thus should be con-
sidered price change.

The opposing risk-pooling view is that any changes in premiums due to changes in expected levels
of claims should not be considered to be price change but rather a change in the size of the pool of
funds needed to pay claims.  If insurance is the administering of the pool of funds, then changes in
premiums to provide the pool of funds are not price changes.

The Purposes of the CPI and the Treatment of Insurance: In this situation of two quite different
views of the definition of insurance services, we consider the question in light of the purposes of the
CPI.   While the official Canadian CPI is a multi-purpose indicator, the primary role of the Cana-
dian CPI is stated to be �to provide an adequate indicator of price-induced changes in the purchas-
ing power of the consumer dollar�.8  This has been paraphrased as �to estimate price-induced
changes in living costs, a role which is frequently referred to as the escalator function.9  An index
using gross premiums for weights and price change rather than a �net of claims� measure seems
more consistent with this primary purpose of the Canadian CPI as an escalation index.

If the primary purpose were different, other methods for weights would seem to be more appropri-
ate.   Keith Woolford of ABS has stated that �changes in gross premiums alone would be relevant in
the construction of an index designed to measure changes in household living costs because the
amounts received by way of claims are not relevant as they are regarded as sources of income.  An-
other way of looking at this is �in constructing an inflation index, it is important that each item in
the index is accorded a weight which reflects its real economic significance, while in constructing a
living cost index it is important that each item be accorded a weight which reflects its relative share
of gross household expenditures�.10  The Australian Bureau of Statistics defines the principal pur-
pose of the Australian CPI as to provide a general measure of price inflation for the household sec-
tor as a whole.  The Australian CPI uses a net �premiums less claims� weight for insurance but
movements in gross insurance premiums as the price measure.

                                                
6 Canadian CPI reference manual, 1957 and subsequent editions.
7 �Alternative Estimates of Price Change for Private Transportation�, Bohdan Schultz, 5th Meeting of Ottawa Group,
1999, Reykjavik Iceland.  The point is also mentioned in Triplett, op. cit. Section V.
8 CPI Reference paper
9 Bohdan Schultz, �Treatment of Owner-Occupied Accommodation in the CPI�, Discussion Paper, 2001.
10 �Treatment of Insurance Services in the Australian CPI, ABS Website.
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So it is argued that a gross premiums weight is appropriate for an escalation index.   But what does
that imply that pricing insurance for an escalation index?  Adherents of the risk-assuming view ar-
gue that changes in the purchasing power of the consumer to buy a fixed level of security are best
measured by changes in gross premiums.

But supporters of the risk-pooling definition of insurance in Statistics Canada argue that changes in
premiums arising from changes in the size of the risk pool are not related to the price of insurance
services at all.    Even if the weight is based on gross premiums, the risk-pooling definition of insur-
ance implies a pricing measure based on the implicit service charge only.

Discussion of the New CPI Manual on the Pricing of Insurance: The manual in Chapter 10 dis-
cusses pricing gross insurance premiums in paragraphs 10.167-170.  The CPI manual appears to
take the position that it would be desirable to make quality adjustments for changes in risk levels
but in practice this is usually not done due to the practical difficulties.

10.168 While it is clear that pricing to constant quality requires these conditions to be held fixed,
there is also a question about whether the risk of a claim being made should be held constant. In
other words, if the incidence of, say, vehicle theft increases, should this be regarded as a quality
improvement or simply a price change? If, on the one hand, it is argued that as the consumers� deci-
sion to insure is based on their assessment of the likelihood of suffering a loss compared to the pre-
mium charged, the risk factors should be held constant. On the other hand, it may be argued that,
once insured, the consumer simply expects to be compensated for any loss. From the perspective of
the consumer, any increase in risk simply represents an increase in the insurer�s cost base (which
may or may not be passed on to the consumer by way of a price change). Obtaining data of suffi-
cient reliability to make quality adjustments in response to changes in risk is problematic, so in
practice most indices reflect changes in risk as a price change.

This paper suggests that it is not necessarily desirable to make quality adjustments for changes in
risk, depending on the definition of insurance service and the purpose of the index.

In any case, it appears that no practical price measurement methodology for the implicit service
charge component of insurance has yet been developed for use in a CPI.  There is simply no directly
observable price for the implicit service charge element of insurance.    In fact, if the implicit serv-
ice charge were the target concept for measurement, one could argue that an administration or man-
agement services index would be a reasonable pricing basis to use.11

Gross premiums of a consistent set of insurance policies are directly and objectively observable and
so far this approach seems to be the only practical option for CPI measurement purposes.  Even in
countries where the implicit service charge is the target concept for insurance in the CPI, gross
premium rates are used as a proxy price indicator.  There are significant advantages in public ac-
ceptance and credibility for the CPI to use pricing methods based on observable transactions.  The
�implicit service charge� approach to insurance in the CPI would suffer from a lack of identification
by consumers with the definition of the product being priced in the basket.

A Short Digression on Fraudulent Claims and the Implicit Service Charge
The implicit service charge component of insurance is the �fee charged for calculating the risks,
determining the premiums, administering the collection and investment of premiums, and the pay-

                                                
11 Z. Griliches made this point.  See Section V of Triplett, �Chapter Six: Price, Output and Productivity of Insurance:
Conceptual Issues in Services� in Productivity in the United States, New Sources of Economic Growth, Brookings
Institution, pending.
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ment of claims (paragraph 3.47 in CPI manual).  Insurance services are calculated as gross premi-
ums plus premium supplements less claims less changes in actuarial reserves.

Should the implicit service charge concept exclude fraudulent claims?   Honest consumers would
want (and expect) insurers to minimize the paying of fraudulent claims as part of the service of ad-
ministering insurance.  If the rate of fraudulent claims were to increase causing an increase in pre-
mium rates, any price measure of the implicit insurance service to consumers should increase as
well.   However, the definition of the implicit service charge seems to exclude all claims, legitimate
and fraudulent alike.  I would argue that any CPI measure of the implicit insurance service charge
should include fraudulent claims as part of that charge. However, measuring the level of fraudulent
claims is very difficult and any feasible pricing method may have to assume a constant level of
fraudulent claims for practical purposes.

Concluding remarks: The �gross premiums, net expenditures� weighting approach used for insur-
ance in the Canadian CPI seems more appropriate than �net premiums, gross expenditures� weights
given the primary purpose of the index.  The �gross premiums, gross expenditures� approach is a
possible alternative weighting basis that may be adopted in Canada.   Weights based on net premi-
ums and gross expenditures would be more appropriate if the �implicit service charge� concept of
insurance were adopted.

Price change for insurance is currently measured based on changes in gross premiums, holding all
insurance policy provisions constant but not the risk probabilities or levels of payouts of claims.
Thus the �security of the consumer� is the quality being held constant and any changes in risk fac-
tors reflected in premiums are reflected as price change.   This seems appropriate as a reflection of
the price to consumers of the insurance input to private transportation services.   When vehicle in-
surance is viewed as a cost of owning and operating a private vehicle to obtain private transporta-
tion services (or tenants� insurance is viewed as a part of the cost of obtaining rental shelter serv-
ices), any change in gross premiums is seen as a change in the price to consumers of the service
purchased, whether the premium change arises from a change in the implicit service charge or in
expected claims.

Changes in risk probabilities affect the level of expected claims.  Therefore, if one wants to hold
risk factors constant, it is conceptually equivalent to pricing only the �implicit service charge� of
insurance.   Given the diversity of the risk factors, their effects through time and the difficulties of
measurement (even more difficult for the timely requirements of a non-revisable CPI), there is no
practical direct method of pricing the change in insurance premiums holding all risk factors con-
stant.  The best apparent method of measuring the implicit service charge only that is conceptually
defendable and practical might be some form of management services proxy.

This paper argues that even if a direct method of holding all risk factors constant could be devel-
oped, it would not necessarily be desirable for the purposes of the official Canadian CPI, based on a
risk-assuming definition of insurance services.   Tracking changes in the gross premiums of insur-
ance policies of constant terms and conditions without adjusting for risk probabilities is the most
appropriate method for a CPI whose primary purpose is to reflect changes in the purchasing power
of the consumer dollar.  .
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Appendix 1: Ralph Turvey: Note on Insurance, extract from his website

Life insurance and pension fund contributions are not appropriately included in a consumer price
index, but there seems to be general agreement that household expenditure on insurance which pro-
vides some reimbursement of expenditure on medical or emergency services or on the repair or re-
placement of damaged or stolen goods ought to be included.  There appear to be two alternative
internally consistent methods of doing this:

Net net. The weight should be payments less claims paid and less changes in actuarial reserves. This
net amount equals insurance companies' costs and profits for the service they provide:- collecting
premiums and paying claims. Similarly, the price indicator should relate only to net premiums.
Household expenditure on cars, furniture, health services etc., which are paid for by insurance
claims would then be dealt with in the same way as all other expenditure on these things.

Gross gross. The weight should be gross premium payments (the weights in the rest of the index for
expenditure on health services, cars, furniture, etc., excluding the part paid for by insurance claims)
The price indicator should correspondingly relate to gross premium payments.

(1) measures the service charge, the cost of the administrative functions and risk-pooling provided
by insurance companies.  A rise in repair and replacement costs, in health service prices or a rise in
risks will not raise this component of the index unless accompanied by an increase in the compa-
nies' costs or profits.

(2) could measure the cost to consumers of buying a constant amount and quality of repairs, re-
placements, health services etc through the intermediation of insurance. A premium increase re-
flecting higher prices of these services as well as higher insurance company administrative costs
and profits would raise the index, but a premium increase reflecting increased risks should not. On
the other hand, looking at the issue purely from the consumers' point of view, it could measure the
cost to them of preserving a certain level of security against the financial consequences of ill health,
fire, accident and theft.  In this case, not only a rise in health service prices or repair and replace-
ment costs but also an increase in risks would raise the index, reflecting a greater cost to consumers
of obtaining the level of security which they had in the reference period.

The choice made must depend upon the relative feasibility of these alternatives.  Since this will vary
between countries for institutional reasons, no generalisations can be offered.  The main issues are
as follows:
Is it easier (1) to establish weights which do not distinguish expenditure financed by insurance
claims from other expenditure and to deduct claims paid from premiums to obtain a weight for net
premiums, than it is (2) to establish weights reflecting gross premium payments and to exclude from
expenditures on health services, cars, furniture, and so on, those which are financed by claim pay-
ments?
In (2), claims paid to reimburse consumers will have to be deducted from those of their expendi-
tures which the claims helped to finance.  In (1) it is the other way round; claims paid on consum-
ers' behalf directly to the suppliers of repairs, replacements, medical treatment, and so on, will have
to be added to their own expenditures.  In (1), in order to obtain net premium payments from the
gross payments recorded in a household survey, the share of gross premium payments in the refer-
ence period which were received back as claim payments or added to reserves will have to be as-
certained from insurance companies or estimated from their published accounts.
In (2), gross premiums must be ascertained for a sample of policies holding constant such charac-
teristics as deductibles and, maybe, (with more difficulty) risk
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Gross premiums are fixed by insurance companies in the light of their risk expectations and the
competitive situation. In any month some of the claims settled will be on policies taken out in a
previous year and claims on some of the policies for which premiums are currently paid will not be
settled until a future year. How can a monthly index of the cost of the administrative and risk-
pooling service provided by insurance companies, as required by (1), be calculated?
The actual cost of the service in any year, if defined as that year�s premiums less that year�s claims
paid, can be negative in years when claims exceed premiums. The difference is covered by a reduc-
tion in insurance companies� reserves. The companies fix premiums so that, together with interest
earned on their reserves, they cover expected claims plus the expected cost of the service, including
normal profits on average over future years. This problem might be resolved by dividing the year�s
total value of claims by the actual average number of claims per policy in the year and multiplying
by the average number of claims per policy computed for the past five years.
An index of the cost of the  insurance cover provided by insurance companies, as required by (2)
requires the measurement  of premiums for a sample of clearly specified types of insurance.  The
question then arises whether the gross premiums should be quality adjusted for changes in risks as
well as for changes in the prices and repair costs of insured goods and altered health service prices.
If not, correction would be limited to the changes in health service prices and the prices and repair
costs of the goods insured, thus accepting any increase in premiums stemming from increased risks
as a price increase.  In this case the premiums on a sample of insurance policies for specified ob-
jects would each be deflated by an appropriate price sub-index. Alternatively, no correction would
be made, in which case the quality being held "constant" would be the security of the consumer,
rather than the volume of the repairs, replacement and health treatment paid for by claims.12

Faced with all these problems, most countries estimate a sub-index for gross premiums, unadjusted
for changes in risk, but give it a net weight. Gross premiums are thus treated as a proxy for net pre-
miums. This approach has been adopted in the European Harmonised Index of Consumer Prices, the
text of the relevant Regulation being available at. europa.eu.int\eur-lex\en\lif\1999\en_
399R1617.html

Adoption of this sensible practicable approach raises a problem when insurance premiums are sub-
ject to taxation levied on the gross premiums. Adoption of the sensible practicable net-weight,
gross-premium approach raises a problem when the gross premiums are taxed. The solution is to
decompose the net service charge weight into two components: the charge before tax and the tax.
The first component then provides the weight for gross premiums before tax, and the second com-
ponent provides the weight for the tax.

                                                
12 Even an indicator of this latter type can be complicated.  The article "The measurement of liability insurance
premium trends and their inclusion in the French consumer price index" by A. Marret, reprinted in the appendix of the
1989 ILO Manual, explains how such an indicator can be calculated.
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Adrian Ball and David Fenwick13:  Costing mobile telephone calls:
the use of constrained user profiles

Abstract

The traditional tariff approach to the costing of mobile telephone calls fails to take into account the
full range of package options available to consumers over the life of the �fixed� basket. Selecting
packages at random and applying them to the most appropriate user profile has the effect of missing
important price changes and also suffers from a number of other measurement weaknesses. The
analogous situation for non-services is where there are two identical tins of baked beans standing
side by side on the shelf in the same shop and the price collector prices the most expensive although
we know that in reality the customer will buy the cheapest. The method proposed in this paper sam-
ples profiles and then selects for pricing the appropriate package from each service provider. It as-
sumes a rational consumer who has perfect knowledge but this assumption is more realistic than the
alternative of the ill-informed laggard, particularly in telecommunications in the UK where unit cost
information is readily available and where at points in time customers can transfer from one tariff to
another free of charge.�

Key words: fixed basket, services, tariffs, price change, constrained consumer profiles.

Background

Mobile telephone charges have become a significant part of household expenditure in the UK and
have been incorporated into the Consumer Price Index since 1998.

The measurement of the prices charged for telecommunications services and the construction of an
associated price index is fraught with difficulty because of two particular factors:

There can be two prices co-existing for the same service delivered by the same service provider.
These two prices co-exist when a new tariff is introduced without the previous being withdrawn.
The opportunity to change tariff and service provider is often constrained by the existence of signed
contracts that commit the buyer to a particular tariff and particular service provider over a minimum
period.

These difficulties are in addition to the generic problems relating to the construction of price indices
for services- the latter ranging from the definition of the service provided and the identification and
valuation of any change in the service, to conceptual issues about the timing of delivery and the
relative merits of the three main approaches to price measurement and which is most appropriate:
acquisition, payments and user costs (or consumption)14.

                                                
13 Office For National Statistics, UK

14

•  Acquisition � the total value of all goods and services delivered during a given period,    whether or not they
were wholly paid for during the period, is taken into account

•  Payment  - the total payments made for goods and services during a given period, whether or not they were
delivered, is taken into account
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The solution adopted until recently by the UK Office for National Statistics has been to take a �tar-
iff� approach that prices those call charges that would be experienced by typical �users� on selected
tariffs. A sample of major suppliers is drawn and a price index is calculated for each of these sup-
pliers and an overall price index for mobile telephones is calculated by weighting together the indi-
vidual price indices for the selected suppliers using revenue figures provided by the industry regu-
lator. The individual supplier-specific price indices consist of weighted averages of separate indices
for pre-pay and contract telephones, weighted according to the number of customers using the two-
types of package in each of the individual companies (revenue figures are unavailable at this level).
These separate indices are constructed by measuring the changing cost of the most �popular� pack-
age for each of five customer profiles15.

The drawbacks of this approach are threefold:

The initial sampling of packages directly from each of the selected service providers in reality can
be problematic because of difficulties in identifying the most appropriate package to price and it
also severely restricts the coverage of the sample which then becomes over-reliant on the pricing of
a relatively small selection of packages. This is particularly problematic when, as in the case of mo-
bile telephone, there is a fast changing and exceptionally diverse range of packages on offer to the
customer. Past experience has shown that the resulting price index can be relatively volatile and
unrepresentative of the price changes observed more generally in the mobile telephone market.
The resulting index quickly becomes unrepresentative as it continues to price packages that in real-
ity few customers use.  It follows packages for as long as they are available and ignores, for in-
stance, the fact that some packages may be closed to new customers. This also adds to lack of repre-
sentiveness.
The resulting index doesn�t take into account the reduced prices people pay from exchanging one
tariff for another even when this does not involve a transfer to a different service provider and does
not entail a change of service.

These problems are further accentuated by the lack of detailed expenditure data on the different
packages provided by each service provider. This forces the use of (un-weighted) elementary indi-
ces at a higher level than would be ideal for the accuracy of the index.

It is against this background that the ONS investigated alternative solutions.

There are two main alternatives to the tariff approach described above:

                                                                                                                                                                 
•  User cost (or consumption) � the total value of all goods and services consumed during a given period is taken

into account.
The distinction is particularly important for purchases financed by some form of credit, notably major durable goods
and housing, which are acquired at a certain point of time, used over a considerable number of years, and paid for, at
least partly, some time after they were acquired, possibly in a series of instalments. It also is an issue for services where
payment and delivery do not coincide. The usual approach is to take the price at the time the right to use the service is
acquired and the service is available under the terms of the contract of sale.
15 Five different types of user profile are priced for both pre-pay and contract customers. The user profiles are based on
research commissioned by the industry regulator OFTEL. These cover volume of usage- ranging from �low� to �high�
volume- time of call (peak, off-peak, weekend), and destination (local, national, own network, other network),.  Only
one type of user profile is priced for a particular contract or prepay package; the allocation of a user profile to a
particular package is done subjectively.  The index for a particular package/user profile is derived from the changing
cost of the average monthly bill; this is calculated taking account f line rentals, (for contract customers), calls (by time
of day and destination) and text message.  When two packages are priced for a particular supplier, the resulting indices
are weighted together to form a single index for the supplier, using weights according to the proportion of subscribers
with the relevant user profile.
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The �average bill� method.  This method tracks the change in the average bill, expressed in unit
cost terms, of all or a representative sample of users. The latter is stratified as appropriate by user
profiles to ensure a broad range of users. In effect the resulting index would reflect a) changes in
usage and b) changes in service providers. Such an index is not consistent with the fixed basket ap-
proach underlying the RPI and HICP because it reflects changes in consumption as well as price. In
practice it can also be ruled out in the UK because of lack of access to detailed data from the tele-
phone companies and the resources that would be required to quality assure it.

The �user profile� method.  This method tracks the change in the average bill, expressed in unit
cost terms, for a selection of fixed profiles relating to use, which are then weighted together by ex-
penditure shares to construct an overall price index.  This method does not raise the same concep-
tual issues that are associated with the �average bill� method and the data requirements are less
daunting.

It is the �user profile� method that ONS decided to explore in more detail. It essentially reverses the
sampling procedures underlying the �tariff� approach by sampling user profiles and then selecting
from each service provider the appropriate packages based on cost to the user.

The attractions of this approach from a practical viewpoint are threefold:

The availability of explicit expenditure weights for different users profiles that can be used to con-
struct appropriately weighted indices. ONS has ready access to expenditure data from OFTEL, the
regulatory authority, on 21 detailed user profiles.
Easier identification of the �appropriate� package from each supplier for each user profile � all
other things being equal this is taken as the cheapest. The subjective element associated with the
current method is eliminated and the new method is more transparent.
Broader coverage through the costing of each user profile for each supplier and a better balanced
sample through the use of expenditure information.

The �user profile� method also has a number of other advantages relating to fundamental issues of
concept and measurement:

Product definition. The measurement of service prices offers a particular challenge because of the
difficulty in identifying discrete service elements.  For example, in the case of mobile phone serv-
ices, is the purchase most appropriately defined in terms of the individual package available from a
particular company or in terms of the number of call minutes purchased? The methodology previ-
ously used by ONS took as its starting point the former and sampled mobile phone packages much
in the same way as for goods. But from an alternative viewpoint, customers can be said to be buying
calls and the text messages that they are making, with prices set by the packages, rather than buying
packages as such. A logical conclusion of this approach is that the price index should take account
of consumer substitution between packages, particular where this occurs within the same service
provider.

Fixed basket concept. If customers can be said to be buying calls and the text messages that they
are making, with prices set by the packages then it follows that under the terms of a fixed basket it
is the user profiles that should remain fixed throughout the year

The logical conclusion is that the construction of the price index should be based on the tracking of
the unit cost of calls for fixed customer profiles but allowing some substitution between packages.
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 In following this approach practical considerations arise in relation to the sampling of the packages
used to price each user profile and the circumstances under which substitution between packages
should be incorporated:

Sampling of packages. It can be argued that as customers will normally be expected to select the
cheapest package for their anticipated usage it should be the latter that provides the basis for the
pricing of the initial package at the point of chain linking. Whether in practice this is done across
the whole market or separately within each service provider depends on the availability of data,
although clearly there is a preference for the latter as this effectively increases the sample size by
re-computing prices for each customer profile across each of the individual service providers. The
latter is the approach which is available and has been adopted in the UK- detailed tariffs and ex-
plicit expenditure weights for the four mobile telephone companies (Vodaphone, O2, Orange and T-
Mobile) facilitates the calculation of individual company indices and weighted averages to produce
an overall index.  Thus, the most economical package was priced within each company for each
customer profile.

Substitution between packages. Clearly account needs to be taken of any restrictions on the
movement between packages imposed by the type of contract a customer has with the mobile phone
service provider.  In the UK there are two main types of contract:

Pay as You go.  Under this arrangement the customer pays for the handset. The latter is locked to
the network of a particular service provider, usually at a discount.  Other than that there is no formal
contract with the service provider and customers are free to move from one package to another
package offered by the same service provider without a financial penalty, though changing provider
will cost money as the customer will need to buy a new handset. There is no line rental but call
costs are higher.
Monthly contract.  Under this arrangement there is a formal contract with the service provider-
normally for a minimum 12 month period- where a handset is provided free of charge and a
monthly fee is paid to cover line rental and some call costs.  In general call costs are lower than for
Pay as You go to reflect the forward commitment.

Clearly different computations will need to carried out to reflect the different opportunities custom-
ers have for moving from one package to another as dictated by the particular circumstances and
constraints associated with each type of contract. In particular, �Pay as you Go� customers are free
to change without financial penalty between packages within a service provider  (usually by making
a phone call to request a change) whilst monthly contract customers will face a financial penalty if
they switch service provider before the end of the 12 month minimum contract period.  These dif-
ferences were addressed by specifying different rules for computation as follows:

Pay as You Go

Users are free to change package as they wish;
It is costly to swap between service providers, as this would involve the purchase of a new handset.

In this case, taking a rational consumer as the basis for monthly comparisons, it would seem appro-
priate to allow each user profile to switch freely between packages, picking up the cheapest avail-
able each month.  However, this movement should be restricted to the same service provider as in
reality customers are unable to move service providers without financial penalty.  Therefore, for
each profile, we select the cheapest package available for each service provider in each month, and
calculate an index for each combination.  These are then weighted together over the profile to give a
PAYG index for each company.
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Monthly contract

In the UK market it is more difficult for monthly contract customers to move between packages,
even within the same service provider.
This is because the cost of the handset provided is largely offset against the monthly bill, and the
companies require the user to be on a contract for a year to ensure that they recoup the cost of the
hardware.

In these circumstances it is not appropriate to allow all users to move to the lowest package avail-
able to them each month.

The appropriate approach is to select the cheapest package available to each user profile at the point
of chain linking in January.  Users are then divided into 12 cohorts reflecting the proportions that
we would expect would be due to  renew contracts in each of the following 12 months.  The 1st co-
hort is then assumed to look for a new cheapest package in February, simulating those whose 12
month contract comes to an end in that month.  The other groups continue on the package selected
in January, as they are still looked into it.  In March, it is assumed that the second cohort selects a
new cheapest package, with the first cohort continuing on the package selected in February, and the
rest on the package selected in January.

This continues throughout the year, with one cohort re-selecting the cheapest package each month,
and the rest carrying on with the package they were on in the previous month.

As for PAYG, the indices produced are weighted together to produce an overall monthly contract
for each company.

Final Indices

Price indices and then computed for each service provider by weighting the two contract types to-
gether by sales weights.  The final price index for all service providers is a weighted average of the
individual indices for each service provider, with weights based on expenditure shares.
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Keith Woolford:16 Experimental Price Indexes for Financial Services
For some years now there has been considerable community interest in the prices paid
by households for financial services. An outcome of a review of the Consumer Price
Index (CPI) undertaken in 1997 was a commitment by the Australian Bureau of Statistics
(ABS) to develop a price index for financial services for eventual inclusion in the CPI.
This index was to be designed to cover the explicit fees and charges paid by households
as well as any indirect costs embodied in interest rate margins.
This paper presents an experimental index measuring price changes for some of the
most significant financial services acquired by households � deposit and loan facilities
provided by financial institutions and services associated with the acquisition and
disposal of shares and real estate. The index also covers taxes and stamp duties levied on
the relevant transactions. It represents the first attempt by a national statistical agency to
construct such a comprehensive measure of price change for financial services.

The paper has been published as ABS information paper 6413.0, accessible through ABS Web-site:
http://www.abs.gov.au/AUSSTATS/abs@.nsf/papersbyTopic

                                                
16 Australian Bureau of Statistics
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Session 2: Relationships between consumer price indices and other
statistical systems

Moderator: Bert M. Balk, Statistics Netherlands

Summary of Session

In this session two papers were presented. The first one, entitled �CPI and Household Income Ex-
penditure under Deflationary Trend� and written by Noboyuki Sakashita and Makoto Shimizu,
shows that the common assumption of a representative household with homothetic preferences is
empirically unjustified. There is ample evidence that CPI�s and subindices thereof for household
groups defined by income level show differential development.

The issue of consistency-in-aggregation (CIA) quite naturally comes up in economic accounting
systems such as the National Accounts. Nominal values are by nature additive. Likewise, one wants
real values (that is, deflated nominal values) to be additive. This implies a mathematical relation
between aggregate and subaggregate price and quantity indices. The same sort of relation emerges
when the CPI is calculated stepwise and quite natural consistency requirements are posed. Both
relations appear to be a specific case of CIA, as formally defined and discussed by Balk (1995).17 It
was shown that requiring CIA in addition to a few other, quite natural requirements effectively re-
duces the admissible indices to those of Laspeyres and Paasche.

The paper presented by Heikki Pursiainen, �The Algebraic Interpretation of Consistency in Aggre-
gation and Quasilinear Index Numbers�, provides an in-depth treatment of the issue of CIA, and
specifically proposes a generalisation of the definition of Balk (1995). It is, however, reassuring to
see that, when restricted to price and quantity indices, Pursiainen�s definition reduces to Balk�s
definition.

Recommendations for Statistical Agencies

Consideration should be given to CPI�s for household groups, e.g. defined by income level.
Consideration should be given to a CPI that exhibits CIA next to a CPI that does not exhibit CIA
but has a number of other desirable properties (such as superlativity).

                                                
17 Balk, B. M., 1995, �Axiomatic Price Index Theory: A Survey�, International Statistical Review 63, 69-93.



24

Nobuyuki Sakashita18and  Makoto Shimizu19:  CPI and Household
Income and Expenditure under Deflationary Trend20

Abstract
General index of consumer price in Japan fell 0.3% in the year 2003 from the preceding year,
showing considerable reduction in declining rate compared with 0.9% in the former year. This re-
sult, however, reflects rise in public utilities and does not necessarily reflect supply and demand for
commodities and services. Thus, the government and the central bank share recognition that defla-
tion is still continuing, although decline in consumer prices has reduced.

On the other hand, the results by yearly income groups show that declining rate for the first yearly
income quintile group21 with the smallest yearly income is 0.2 percent point smaller than that for
the fifth income quintile group with the largest yearly income in the year 2003. This may indicate
that income structure changes under the recent deflationary trend.

Examining the results by characteristics of items, index for basic expenditure items, whose
expenditure elasticity are less than 1, fell by only 0.1%, while that for selective expenditure items
fell by 0.6%. Additionally, index for items in annual purchase frequency classes of less than 0.5
times and over fell by 1.7%, while that of 15 times or more rose by 1.5%.

In argument about the cost-of-living index, in order to compensate for the �upward bias� of the
Laspeyres-type fixed basket index, alternative formulae as the geometric mean or the CES type
index are proposed, whose models are based on the assumption that a representative household with
average income, average expenditure and homothetic preferences exists, in other words all items are
common goods having constant elasticity of substitution.

In reality, superior goods and inferior goods coexist in the market and their optimum allocations
may change according to incomes.

Discrepancy from homothetic model may emerge and effect differently among social strata
especially in the year 2003. The Family Income and Expenditure Survey in Japan supplies us with
tools to analyze such issues every month. Here we try, rather than considering theoretical
verifications, to examine changes in prices and household expenditures by social strata, and to
compare price indices in some formulae.

1. Outline of Recent CPI in Japan
General index of consumer prices in Japan attained the peak 101.0 in 1998 (2000=100) and stood at
98.1 in 2003, fell 0.3% from the preceding year, recording the fifth year of consecutive decline
(Figure 1). Japan has never experienced such a long decline of CPI after World War II. But CPI in
2003 shows considerable reduction in declining rate compared with 0.9% in the former year.

CPI moves quite differently among goods and services. Figure 2 shows changes of CPI during five
years, crossing data segmented by the peak year 1998; between in 1993-1998 when CPI rose and in
1998-2003 when CPI declined by ten major groups. Changes in 1998-2003 are lower than in 1993-

                                                
18 Science Council of Japan
19 Statistics Bureau, Japan
20 Opinions expressed in this paper are those of the authors and do not necessarily represent official views of the
Statistics Bureau.

In this paper, weights from the Family Income and Expenditure Survey are applied almost in the same way as in the
official indices but without detailed arrangements.
21 Yearly income quintile groups mean the five equally divided groups in terms of the number of
households, after arranging them in order of the yearly income.
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1998 in nine major groups except for in Transportation & communication. In both periods, CPI rose
in Education, Medical care, Housing and Miscellaneous22, declining in Transportation &
communication and Furniture & household utensils. In other four groups including basic
consumption as Food, Fuel, light & water charges and Clothes & footwear, CPI rose in 1993-98 and
dropped in 1998-2003. This may have reduced differences between the rich and the poor.

Indeed, expenditures differ among income groups. The richest group; the fifth group by yearly
Income Quintile Groups spends a lot for Transportation & communication and Reading &
recreation as well as Food, while the first group, which consists of those with small yearly income
does not spend a lot for those except for Food (Figure 3). Expenditure for Education regarded as
typical selective expenditure in the first group is about one eighth for the fifth group in amount, or
almost half in weight, and staying low partly because of the price rise even during the deflation
period. On the other hand, expenditures for Medical care, Housing and Fuel, light & water charges,
regarded as basic expenditures, are similar between these two groups. Comparatively low level of
price changes except for Education seems to have reduced the gap as to expenditures between the
first and the fifth group. Ratio of total consumption expenditure of the fifth quintile group to the
first quintile group tends to drop for recent years (Figure 4). Taking other observations into
consideration23, the gap of expenditures between the rich and the poor seems to have shrunk in
recent years when price hikes have not be seen for most of commodities and services.

                                                
22 Personal care services, Toilet articles, Cigarettes, etc.
23 For example, ratio of total consumption expenditure of the fourth quintile group to the second quintile group recorded
sixth year of consecutive decline in 2003.

Figure 1. CPI General Index and its Change from the Previous Year
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Figure2. Change during Five Years by Ten Major Group (%)
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Figure 3. Expenditures by Income Quintile Group for the Year 2003
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Figure 4. Ratio of Total Consumption Expenditure of the Fifth
Quintile Group to the First Quintile Group
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2. Characteristics of CPI in the year 2003
Considering sub-indices by goods and services classification in the year 2003, goods index fell
0.8% mainly due to fall in industrial products such as durable goods and food products (Table 1).
While services index rose 0.4% mainly due to 1.3% rise in public services such as medical
treatment. This means decline of fall of CPI in 2003 reflects rise in cost for public utilities and does
not necessarily reflect supply and demand of commodities and services in the market.

Table 1. Change of CPI from the Previous Year of Goods and Services

2001
%

2002
%

2003
%

Contribution
(2003)

Goods -1.4 -1.8 -0.8 -0.41
Services

Public Services
General Services

-0.1
-0.2
0.0

0.0
-0.1
0.0

0.4
1.3
0.0

0.20
0.17
0.00

On the other hand, examining the results by yearly income groups24, declining rate for the first
yearly income quintile group is now 0.2 percent point smaller than that for the fifth income quintile
group (Figure 5). This may indicate that income structure changes under the recent deflationary
trend.

                                                
24 In chapter 2, 3 and 4 in this paper, target population for weight by yearly income quintile group excludes agricultural,
forestry and fisheries households.
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Examining the results by characteristics of items, index for basic expenditure items, whose
expenditure elasticity are less than 1, fell by only 0.1%, while that for selective expenditures fell by
0.6% (Figure 6). Additionally, index for items in annual purchase frequency classes of �less than
0.5 times� fell by 1.7%, while that of �15 times or more� rose by 1.5% (Figure 7). The difference of
price changes between essential expenditures and nonessential expenditures may have affected
structures of expenditures by income groups.

Figure 6. Change of CPI from the Previous Year by Basic and
Selective Expenditure
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Figure 5. Change of CPI from the Pevious Year by Yearly Income
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3. Comparison among Types of Indices
Dividing households into yearly income quintile groups, we compare the Laspeyres-type index with
the Paasche-type index for each quintile group as yearly average index for all Japan. The result is
shown in table 2.1. The fact that discrepancy between the Laspeyres-type index and the Paasche-
type Index is comparatively large in the group V, with large selective expenditures, they can enjoy
benefits of decline in prices. The group with the smallest discrepancy is, however, the group II � not
the group I � with more than 0.4 percent point smaller than the group V, while the discrepancy of
the group I is larger than average, being closer to that of the group V.

Table 2.1. Laspeyres and Paasche Indices by Yearly Income Quintile Group for the Year 2003
(2000�100)

All I II III IV V

Laspeyres 97.8 98.0 97.9 97.8 97.8 97.6

Paasche 97.3 97.4 97.7 97.2 97.3 96.9

(P-L)×100/L -0.5 -0.6 -0.2 -0.6 -0.5 -0.7

As characteristics in each year after the year 2000, Tables 2.2 to 2.4 show the Laspeyres-type
indices and the Paasche-type indices for each year by income groups based on and in reference to
the previous year as 100.

Table 2.2. Laspeyres and Paasche Indices by Yearly Income Quintile Group for the Year 2001
(2000�100)

All I II III IV V

Figure 7. Price Index and Its Change from the Previous Year
by Annual Purchase Frequency
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Laspeyres 99.1 99.2 99.2 99.1 99.1 99.0

Paasche 98.9 99.1 99.1 98.9 98.9 98.8

(P-L)×100/L -0.2 -0.1 -0.1 -0.2 -0.2 -0.2

Table 2.3. Laspeyres and Paasche Indices by Yearly Income Quintile Group for the Year 2002
(2001�100)

All I II III IV V

Laspeyres 98.9 99.0 99.0 98.9 98.9 98.9

Paasche 98.9 99.0 99.0 98.8 98.9 98.8

(P-L)×100/L -0.0 -0.0 -0.0 -0.1 0.0 -0.0

Table2.4. Laspeyres and Paasche Indices by Yearly Income Quintile Group for the Year 2003
(2002�100)

All I II III IV V

Laspeyres 99.6 99.7 99.7 99.6 99.6 99.5

Paasche 99.6 99.6 99.7 99.6 99.6 99.5

(P-L)×100/L -0.0 -0.1 0.0 0.0 -0.0 -0.0

The results show that from the year 2000 to 2001, in line with the popular theory, the Paasche-type
indices are lower than the Laspeyres-type indices. And discrepancies for lower-income groups tend
to be smaller than those for higher-income groups, because, in general terms, lower-income groups
have tight supplies and demands, and they benefit less from substitution.

Small discrepancies from the year 2001 may underpin small movements of prices and household
consumption. Meanwhile, The group IV in 2001 to 2002 and the group II and III in 2002 to 2003
show, however slightly, reversal of the Laspeyres-type and the Paasche-type indices. Reversal of
these indices in not-so-small income group is against the common view described above.

Since this phenomenon may affect approximation of the cost-of-living index under certain
assumptions for substitution, we compare the Laspeyres-type, the Paasche-type, the Fisher-type and
the geometric mean indices since the year 2000 for each income group (Figures 8.0.1-8.5.2).

Figure 8.0.1. CPI - All Groups
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Figure 8.1.1. CPI - Group I
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Figure 8.2.1. CPI - Group II
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Figure 8.2.2. Change of CPI from the
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Figure 8.3.1. CPI - Group III
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Figure 8.4.1. CPI - Group IV
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Figure 8.4.2. Change of CPI from the
Previous Year - Group IV
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Figure 8.5.1. CPI - Group V
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Previous Year - Group V
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These results show that in indices for all, the geometric mean indices show quite similar movements
to those of the Fisher-type indices (the ideal formula), located between the Laspeyres-type indices
and the Paasche-type indices. In indices for each group, however, the geometric mean indices
sometimes show discrepancies from the Fisher-type indices, and in the year 2003, changes from the
previous year of the geometric mean indices are lower than those of the Paasche-type indices for the
group II and the group III and the level of the geometric mean index is lower than the Paasche-type
indices for the group II. This phenomenon is easily understood considering that the geometric mean
indices are designed to show good performance with high elasticity of substitution, that is, in case
prices and quantity fluctuate in the same directions, they may weaken adequacy.

4. Contribution Factors

Table 3 shows contributions for each subgroup of items to both the Laspeyres-type and the Paasche-
type index of the year 2003 based on the year 2002 (shown in table 2.4) and their discrepancies to
measure contribution by each subgroup to overall discrepancy as to the two types of indices. If price
and quantity move in the opposite direction, as in usual substitution behavior, the contribution of
the subgroup is negative, while if they move in the same direction, as in special goods like the
Giffen good, the contribution is positive. The sum of the contributions is equal to the overall
discrepancy. Comparatively high contributions mark in Medical service in the group II, III and V,
and Recreational durables in the group III.

Medical service, whose price rose by the hike of self-pay ratio for health insurance in April 2003,
may be a basic and significant service to households for which no other products and services can
substitute. And, in this field, change of the target population as well as change of prices influence
on macro-level purchase behavior.
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As for Recreational durables, contributions differ significantly among income groups.�This
subgroup includes PCs with rapid quality improvement and price down. Demand for these products
also depends on their diffusion in each social group.
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Table 3. Contribution to the Annual Changes by Yearly Income Quintile Group of Laspeyres
and Paasche Indices �2002-2003�

Laspeyres �aasche �aasche-Laspeyres
All � � � � � All � � � � � All � � � � �

General -
0.4

1

-
0.2

8

-
0.3

2

-
0.4

4

-
0.3

9

-
0.5

0

-
0.4

3

-
0.3

7

-
0.2

9

-
0.4

3

-
0.4

3

-
0.5

1

-
0.0

2

-
0.0

9

0.0
2

0.0
1

-
0.0

4

-
0.0

1
Cereals 0.0

4
0.0

4
0.0

3
0.0

4
0.0

3
0.0

3
0.0

3
0.0

4
0.0

4
0.0

3
0.0

3
0.0

3
-

0.0
0

-
0.0

0

0.0
0

-
0.0

0

0.0
0

0.0
0

Fresh fish & shellfish -
0.0

4

-
0.0

4

-
0.0

4

-
0.0

5

-
0.0

5

-
0.0

4

-
0.0

4

-
0.0

4

-
0.0

4

-
0.0

4

-
0.0

5

-
0.0

4

0.0
0

0.0
0

0.0
0

0.0
1

0.0
0

0.0
0

Meat 0.0
2

0.0
2

0.0
1

0.0
2

0.0
2

0.0
2

0.0
2

0.0
2

0.0
1

0.0
2

0.0
2

0.0
2

-
0.0

0

-
0.0

0

0.0
0

-
0.0

0

-
0.0

0

-
0.0

0
Dairy products & eggs -

0.0
1

-
0.0

2

-
0.0

2

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

2

-
0.0

2

-
0.0

1

-
0.0

1

-
0.0

1

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

Fresh vegetables 0.0
8

0.0
9

0.0
8

0.0
9

0.0
8

0.0
7

0.0
8

0.0
9

0.0
8

0.0
8

0.0
8

0.0
7

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

1

-
0.0

0

-
0.0

0
Fresh fruits 0.0

1
0.0

1
0.0

1
0.0

1
0.0

1
0.0

1
0.0

1
0.0

1
0.0

1
0.0

1
0.0

1
0.0

1
-

0.0
0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0
Oils, fats & seasonings -

0.0
3

-
0.0

3

-
0.0

3

-
0.0

3

-
0.0

3

-
0.0

3

-
0.0

3

-
0.0

3

-
0.0

3

-
0.0

3

-
0.0

3

-
0.0

2

-
0.0

0

-
0.0

0

-
0.0

0

0.0
0

0.0
0

0.0
0

Cakes & candies -
0.0

1

-
0.0

1

-
0.0

0

-
0.0

1

-
0.0

0

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

0

-
0.0

1

-
0.0

0

-
0.0

1

0.0
0

0.0
0

0.0
0

0.0
0

-
0.0

0

-
0.0

0
Cooked food -

0.0
2

-
0.0

3

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

3

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

0

-
0.0

0

-
0.0

0

0.0
0

-
0.0

0

-
0.0

0
Beverages -

0.0
4

-
0.0

5

-
0.0

4

-
0.0

4

-
0.0

4

-
0.0

3

-
0.0

4

-
0.0

5

-
0.0

4

-
0.0

4

-
0.0

4

-
0.0

3

-
0.0

0

0.0
0

-
0.0

0

0.0
0

-
0.0

0

-
0.0

0
Alcoholic beverages -

0.0
1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

0.0
0

-
0.0

0

0.0
0

0.0
0

0.0
0

-
0.0

0
Eating out -

0.0
1

-
0.0

0

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

0

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

Rent, excluding imputed
rent

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

Repairs & maintenance -
0.0

2

-
0.0

1

-
0.0

2

-
0.0

2

-
0.0

3

-
0.0

4

-
0.0

3

-
0.0

2

-
0.0

1

-
0.0

2

-
0.0

2

-
0.0

5

-
0.0

0

-
0.0

0

0.0
1

-
0.0

1

0.0
0

-
0.0

1
Electricity -

0.0
7

-
0.0

8

-
0.0

7

-
0.0

7

-
0.0

7

-
0.0

7

-
0.0

7

-
0.0

8

-
0.0

7

-
0.0

7

-
0.0

7

-
0.0

6

0.0
0

-
0.0

0

-
0.0

0

0.0
0

-
0.0

0

0.0
0

Gas 0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

-
0.0

0

-
0.0

0

0.0
0

Other fuel & light 0.0
2

0.0
3

0.0
2

0.0
2

0.0
2

0.0
2

0.0
2

0.0
3

0.0
2

0.0
2

0.0
2

0.0
2

-
0.0

0

-
0.0

0

0.0
0

-
0.0

0

-
0.0

0

-
0.0

0
Water & sewerage charges 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 - 0.0 0.0
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1 1 1 1 1 1 1 1 1 1 1 1 0 0.0
0

0 0.0
0

0 0

Household durables -
0.1

0

-
0.0

8

-
0.1

0

-
0.1

1

-
0.0

9

-
0.1

1

-
0.1

1

-
0.0

9

-
0.1

0

-
0.1

2

-
0.1

1

-
0.1

1

-
0.0

0

-
0.0

1

0.0
1

-
0.0

1

-
0.0

2

0.0
0

Interior furnishings -
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

2

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

2

0.0
0

0.0
0

0.0
0

-
0.0

0

0.0
0

-
0.0

0
Bedding -

0.0
1

-
0.0

1

-
0.0

0

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

0

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

0

-
0.0

0

0.0
0

-
0.0

0

-
0.0

0

0.0
0

Domestic utensils -
0.0

1

-
0.0

2

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

Domestic non-durables 0.0
1

0.0
1

0.0
1

0.0
1

0.0
1

0.0
1

0.0
1

0.0
1

0.0
1

0.0
1

0.0
1

0.0
1

0.0
0

0.0
0

0.0
0

-
0.0

0

0.0
0

0.0
0

Domestic services 0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

-
0.0

0

0.0
0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0
Clothes -

0.0
6

-
0.0

5

-
0.0

5

-
0.0

6

-
0.0

6

-
0.0

8

-
0.0

6

-
0.0

5

-
0.0

6

-
0.0

6

-
0.0

7

-
0.0

8

-
0.0

0

0.0
0

-
0.0

0

-
0.0

0

-
0.0

0

0.0
0

Shirts, sweaters &
underwear

-
0.0

3

-
0.0

3

-
0.0

3

-
0.0

3

-
0.0

4

-
0.0

4

-
0.0

3

-
0.0

2

-
0.0

3

-
0.0

3

-
0.0

4

-
0.0

4

-
0.0

0

0.0
0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0
Footwear -

0.0
1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

Cloth & other clothing -
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

0.0
0

-
0.0

0

0.0
0

0.0
0

0.0
0

0.0
0

Medicines & health
fortification

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0
Medical supplies &
appliances

-
0.0

2

-
0.0

4

-
0.0

3

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

3

-
0.0

4

-
0.0

3

-
0.0

3

-
0.0

2

-
0.0

2

-
0.0

0

-
0.0

1

-
0.0

0

-
0.0

0

0.0
0

-
0.0

0
Medical services 0.1

7
0.1

9
0.1

9
0.1

7
0.1

8
0.1

4
0.1

8
0.1

7
0.2

0
0.1

9
0.1

6
0.1

7
0.0

1
-

0.0
1

0.0
1

0.0
2

-
0.0

1

0.0
3

Public transportation 0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

-
0.0

0

-
0.0

0

0.0
0

-
0.0

0

-
0.0

0

0.0
0

Private transportation 0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

Communication -
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

0

-
0.0

0

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

1

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0
School fees 0.0

4
0.0

3
0.0

4
0.0

5
0.0

6
0.0

5
0.0

5
0.0

3
0.0

4
0.0

4
0.0

6
0.0

6
0.0

0
0.0

0
0.0

0
-

0.0
0

0.0
0

0.0
0

School textbooks &
reference books

-
0.0

0

0.0
0

0.0
0

0.0
0

-
0.0

0

-
0.0

0

-
0.0

0

0.0
0

0.0
0

0.0
0

-
0.0

0

-
0.0

0

0.0
0

-
0.0

0

-
0.0

0

-
0.0

0

0.0
0

0.0
0

Tutorial fees -
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

1

-
0.0

1

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

0

-
0.0

1

-
0.0

1

0.0
0

-
0.0

0

-
0.0

0

0.0
0

-
0.0

0

0.0
0

Recreational durables -
0.2

-
0.1

-
0.1

-
0.2

-
0.2

-
0.2

-
0.2

-
0.2

-
0.1

-
0.2

-
0.2

-
0.2

-
0.0

-
0.0

0.0
0

0.0
2

-
0.0

-
0.0
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1 5 6 4 3 5 3 0 6 2 4 8 1 6 1 2
Recreational goods -

0.0
6

-
0.0

5

-
0.0

5

-
0.0

6

-
0.0

6

-
0.0

5

-
0.0

6

-
0.0

5

-
0.0

6

-
0.0

6

-
0.0

5

-
0.0

5

0.0
0

-
0.0

0

-
0.0

0

0.0
0

0.0
0

0.0
0

Books & other reading
materials

0.0
0

0.0
0

0.0
0

0.0
0

0.0
1

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
1

0.0
0

-
0.0

0

-
0.0

0

0.0
0

-
0.0

0

-
0.0

0

-
0.0

0
Recreational services -

0.0
1

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

-
0.0

1

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

Personal care services 0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

0.0
0

Toilet articles -
0.0

2

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

2

-
0.0

3

-
0.0

0

0.0
0

0.0
0

0.0
0

-
0.0

0

-
0.0

0
Personal effects 0.0

3
0.0

2
0.0

2
0.0

3
0.0

3
0.0

4
0.0

3
0.0

2
0.0

2
0.0

3
0.0

3
0.0

4
-

0.0
0

-
0.0

0

0.0
0

0.0
0

-
0.0

0

-
0.0

1
Cigarettes 0.0

2
0.0

3
0.0

2
0.0

2
0.0

1
0.0

1
0.0

2
0.0

3
0.0

2
0.0

2
0.0

1
0.0

1
-

0.0
0

0.0
0

0.0
0

-
0.0

0

-
0.0

0

-
0.0

0
Other -

0.0
1

-
0.0

0

-
0.0

0

-
0.0

1

-
0.0

1

-
0.0

3

-
0.0

1

-
0.0

0

-
0.0

0

-
0.0

1

-
0.0

1

-
0.0

2

0.0
0

0.0
0

0.0
0

-
0.0

0

-
0.0

0

0.0
0
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5. Comparisons among Items
Effects of Substitution tend to be larger among Items than among subgroups. The Laspeyres-type
index became larger than the Paasche-type index in most cases among Items. But some exceptional
cases exist. For example, quantity for beef in Fresh meat decreased though the price also decreased
from 2000 to 2003, and in the end, the Laspeyres-type index for Fresh meat became lower than the
Paasche-type index for the year 2003 (Table 4.1 & 4.2). This case was caused mainly for fear of the
BSE (Bovine Spongiform Encephalopathy). Firstly consumers on demand sides departed from the
market, and stock farmers or companies on supply sides were forced to lower the price. Similar
things happened in Charges for practicing golf. Popularity of playing golf diminished and managers
for golf practice lowered the charges to keep customers.

Table 4.1 Laspeyres and Paasche Indices by Yearly Income Quintile Group for Fresh meat
for the Year 2003 (2000=100)

All I II III IV V
Laspeyres 101

.7
101
.8

101
.8

101
.8

101
.7

101
.5

Paasche 101
.9

102
.0

101
.9

102
.0

101
.9

101
.6

(P-L)×100/L 0.2 0.2 0.2 0.2 0.2 0.1

Table 4.2 Change of Price and Quantity by Yearly Income Quintile Group for Fresh meat for
the Year 2003 (2000=100)

� Change from 2000 to 2003
QuantityExpenditure

in 2000 Price All I II III IV V
� thousand yen % % % % % % %

All 63 1.7 -9.3 -7.5 -7.7 -10.5 -10.7 -9.4

  Beef 28 -1.1 -17.2 -15.9 -15.3 -19.7 -19.9
-

15.1
  Pork 23 2.7 -1.7 -0.0 -1.8 -1.4 -2.8 -1.8
  Chiken 11 6.5 -5.3 -3.1 -1.7 -7.7 -3.8 -8.4

  Others 0 4.0 -15.4 -13.7 -8.9 -18.3 -20.6
-

14.7

Then we compared these Laspeyres Indices with geometric mean indices. From natures of the
formulae, fixed weights at the base period would value more excessively price down in the
geometric formula than in arithmetic formula, if both of the price and the quantity decrease. In this
case, the Laspeyres type geometric indices with fixed weight at the base period are less than the
Laspeyres type arithmetic indices. Conversely, the Paasche type geometric indices with fixed
weights at the reference period are less than the Paasche type arithmetic indices. In the end, Both of
geometric indices depart from ideal indices like the Fisher indices or the Tronqvist indices with
wider distances than arithmetic indices, what we call in general, the Laspeyres indices and the
Paasche indices.
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Table 4.3 illustrates the result. Geometric mean indices record lower than arithmetic mean indices if
weights are fixed at the base period. On the other hand, geometric mean indices record higher than
arithmetic mean indices if weights are fixed at the reference period.

Table 4.3 Comparisons with Indices by Yearly Income Quintile Group for Fresh Meat for the
Year 2003 (2000=100)

� All I II III IV V

Laspeyres
101
.7

101
.8

101
.8

101
.8

101
.7

101
.5

Paasche
101
.9

102
.0

101
.9

102
.0

101
.9

101
.6

Fisher
101
.8

101
.9

101
.8

101
.9

101
.8

101
.6

Arithmetic
Mean

(P-L)×100/L 0.2 0.2 0.2 0.2 0.2 0.1

Laspeyres
101
.7

101
.8

101
.7

101
.8

101
.7

101
.5

Paasche
101
.9

102
.0

102
.0

102
.0

102
.0

101
.7

Tronqvist
101
.8

101
.9

101
.8

101
.9

101
.8

101
.6

Geometric
Mean

(P-L)×100/L 0.2 0.3 0.3 0.3 0.3 0.2

Though the Laspeyres-type index became larger than the Paasche-type index for all, reverse results
can be seen for some groups. Table 5.1 & 5.2 show that decrease of price and quantity for Fruit or
vegetable juice is comparatively large and the Laspeyres-type index is smaller than the Paasche-
type index for the subgroup, Other beverages25 in the group III in the year 2003.

Table 5.1 Laspeyres and Paasche Indices by Yearly Income Quintile Group for Other
beverages for the Year 2003 (2000=100)

� All I II III IV V
Laspeyres 94.4 94.5 94.5 94.4 94.4 94.4
Paasche 94.4 94.5 94.4 94.5 94.3 94.4
(P-L)×100/L -0.0 -0.0 -0.1 0.1 -0.1 -0.1

Table 5.2 Change of Price and Quantity by Yearly Income Quintile Group for Other
beverages for the Year 2003 (2000=100)

� Change from 2000 to 2003
Quantity� Expenditur

e
in 2000 Price All I II III IV V

                                                
25 Beverages are composed of Tea, Coffee & cocoa and Other beverages while Alcoholic beverages represents another
independent subgroup.
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thousand
yen % % % % % % %

All 24 -5.6 4.5 4.9 6.6 2.3 2.6 6.4
  Fruit or vegetable
juice 14 -5.8 -2.3 2.2 -1.0 -7.2 -0.7 -2.9
  Carbonated
beverages 3 -8.3 8.4 -1.6 10.6 8.5 4.4 19.7
  Fermented lactic
drinks 4 -1.4 5.1 2.4 6.1 19.1 -7.4 6.5
  Others 3 -7.1 30.9 30.0 41.2 19.0 30.2 34.8

In this case, differences among indices are trivial. But the geometric mean index with fixed weight
at the year 2000 records 94.36, slightly smaller than the arithmetic mean index recording 94.38.
And difference between the Laspeyres type and the Paasche type is 0.13 numerated by geometric
mean indices, slightly larger than 0.08 of that by arithmetic mean indices.

Table 5.3 Coparisons with Iindexes by Yearly Income Quintile Group for Other Beverages for
the Year 2003 (2000=100)

� All I II III IV V

Laspeyres
94.

4
94.

5
94.

5
94.

4
94.

4
94.

4

Paasche
94.

4
94.

5
94.

4
94.

5
94.

3
94.

4

Fisher
94.

4
94.

5
94.

5
94.

4
94.

4
94.

4

Arithmetic
Mean

(P-L)×100/L
-

0.0
-

0.0
-

0.1 0.1
-

0.1
-

0.1

Laspeyres
94.

4
94.

5
94.

5
94.

4
94.

4
94.

4

Paasche
94.

4
94.

5
94.

5
94.

5
94.

3
94.

4

Tronqvist
94.

4
94.

5
94.

5
94.

4
94.

4
94.

4

Geometric
Mean

(P-L)×100/L 0.0 0.0
-

0.0 0.1
-

0.1
-

0.0

6. Tentative Conclusion
Above analyses through real CPI in Japan underpin various substitution behaviors such as non-
substitution based on institutional factors like medical care and those by economic or social trend
sometimes due to specific phenomena like the BSE other than general reversible movement of
quantity to prices. The geometric index does not perform well enough as cost-of-living index under
uncommon phenomena where substitution rarely take place.

Especially uncommon substitutions tend to happen more in smaller groups like in an income group,
because the more similar members within a group are, the more special characteristics as to
consumption they tend to have. The situation can be observed in, for instance, expenditures for
recreational durables and other beverages for the third income group around the year 2003.
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These results suggest that approximation of cost-of-living index, theoretically defined as to keep
certain level of utility, from existing data, needs enough care when dealing with prices or
expenditures with such characteristics, especially when segmented by household types such as
income groups.

The observations however may have been produced under the �moderate deflation�, when subtle
movements of both prices and expenditures induce much concerns. Further study would be required
to judge whether they are special characteristics only under the present circumstances or will also
happen under inflationary trend.
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Pursiainen, Heikki: The algebraic interpretation of consistency in
aggregation and quasilinear index numbers
See: http://ethesis.helsinki.fi/julkaisut/val/kansa/vk/pursiainen/
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Session 3: Housing

Moderator: Keith Woolford

Summary of Session
The measurement of housing prices, in particular those that are relevant to owner-occupiers, is one
of the most topical subjects for price statisticians.  The requirements for such measures are many
and varied and often extend beyond what may be required simply to meet the objectives of official
consumer price indexes.

In the case of owner-occupied housing, the policy interest could be in monitoring changes in:

•  The full cost of acquiring dwellings;

•  The cost of the flow of services derived from the dwellings; and/or

•  The out-of-pocket or unrecoverable payments required to gain access to dwellings.

The classes of price indexes relevant to each of these are referred to in turn as the acquisitions, use
and payments approaches.  The acquisitions approach can be employed to measure changes in
house prices either inclusive or exclusive of the land component.  There are also two variants of the
cost of use approach � the rental equivalence approach and the user cost approach.

There were five papers presented in this session.

The first paper, by Diewert, provides a conceptual treatise of the various options for the
measurement of the changes in the cost of the flow of consumption services in each period.

The second paper, by Gudnason, describes the simple user cost methodology used in the Icelandic
CPI.

The third paper, by Johannessen, explains why the rental equivalence approach is preferred for the
Norwegian CPI.

The fourth paper, by Koev, describes the methodology used to construct the official Finnish House
Price Index � using a combination of stratification and hedonic quality adjustment.  It also provides
an excellent summary of alternative approaches for the construction of house price indexes.

The fifth paper, by Linz and Behrmann, describes the development of an hedonic price index for
owner-occupied houses (including land) in Germany.

The papers and the discussion that followed highlighted the conceptual and methodological
complexities that need to be addressed to construct reliable price indexes for housing.  There is no
single correct approach because there is no single correct question.  Even with a single agreed
objective, measurement practices are likely to vary from country to country to account for
differences in housing markets and availability of source data.

Recommendations for Statistical Agencies
1. The production of reliable price measures for owner-occupied housing is not straightforward.

Statistical agencies are encouraged to identify the specific requirements of domestic users to
assist in the selection of the appropriate measurement objective.  There may well be a
requirement for more than one measure.
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Erwin Diewert:26 The Treatment of Owner Occupied Housing and
Other Durables in a Consumer Price Index

Abstract:

The paper systematically surveys alternative approaches to the treatment of durable goods in a
consumer price index.  The main approaches are the acquisitions, rental equivalence, user cost and
payments approaches.  A major component of the user cost approach to valuing the services of a
durable is the depreciation component.  The paper presents a general model of depreciation and then
it is specialized to the three most common models of depreciation that are in use.  A complication is
many durables (like housing) are custom produced and thus the usual methods for determining the
form of depreciation are not applicable.  The special problems caused by these uniquely produced
consumer durables are considered as well as some of the special problems involved in implement-
ing the user cost and rental equivalence methods for valuing the services provided by Owner Occu-
pied Housing.

Key Words:
Durable goods, Consumer Price Index, Cost of Living Index, Owner Occupied Housing,
depreciation, hedonic regression models, rental equivalence approach, acquisitions approach, user
cost approach, payments approach, maintenance and repair, renovations expenditures.

Journal of Economic Literature Classification Numbers:
C23, C43, C81, D12, E31.
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26 This research was supported by Statistics Sweden and a Social Sciences and Humanities Research Council of Canada
grant.  The author thanks Bert Balk, Kevin Fox, Rosmundur Gudnason, Peter Hill, Johannes Hoffman, Arnold Katz,
Anders Klevmarken, Timo Koskimäki, Alice Nakamura, Marshall Reinsdorf and Carmit Schwartz for helpful
comments on earlier versions of this paper.  The above people and institutions are not responsible for any errors or
opinions expressed in this paper.
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1.  Introduction

When a durable good (other than housing) is purchased by a consumer, national Consumer Price
Indexes typically attribute all of that expenditure to the period of purchase, even though the use of
the good extends beyond the period of purchase.27  This is known as the acquisitions approach to
the treatment of consumer durables in the context of determining a pricing concept for the CPI.
However, if one takes a cost of living approach to the Consumer Price Index, then it may be more
appropriate to take the cost of using the services of the durable good during the period under
consideration as the pricing concept.  There are two broad methods for estimating this imputed cost
for using the services of a durable good during a period:

•  If rental or leasing markets for a comparable consumer durable exist, then this market rental
price could be used as an estimate for the cost of using the durable during the period.  This
method is known as the rental equivalence approach.

                                                
27 This treatment of the purchases of durable goods dates back to Alfred Marshall (1898; 594-

595) at least: �We have noticed also that though the benefits which a man derives from living in his
own house are commonly reckoned as part of his real income, and estimated at the net rental value
of his house; the same plan is not followed with regard to the benefits which he derives from the use
of his furniture and clothes.  It is best here to follow the common practice, and not count as part of
the national income or dividend anything that is not commonly counted as part of the income of the
individual.�
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•  If used or second hand markets for the durable exist, then the imputed cost of purchasing a
durable good at the beginning of the period and selling it at the end could be computed and
this net cost could be used as a estimate for the cost of using the durable during the period.
This method is known as the user cost approach.

The major advantages of the acquisitions approach to the treatment of consumer durables are:

•  It is conceptually simple and entirely similar to the treatment of nondurables and services
and

•  No complex imputations are required.

The major disadvantage of the acquisitions approach compared to the other two approaches is that
the acquisitions approach is not likely to reflect accurately the consumption services of consumer
durables in any period.  Thus suppose that real interest rates in a country become very high due to
some sort of macroeconomic crisis.  Under these conditions, typically purchases of automobiles and
houses and other long lived consumer durables drop dramatically, perhaps to zero.  However, the
actual consumption of automobile and housing services of the country�s population will not fall to
zero under these circumstances: consumers will still be consuming the services of their existing
stocks of autos and houses.  Thus for at least some purposes, rather than taking the cost of
purchasing a consumer durable as the pricing concept, it will be more useful to take the cost of
using the services of the durable good during the period under consideration as the pricing concept.

The above paragraphs provide a brief overview of the three major approaches to the treatment of
consumer durables.  In the remainder of this introduction, we explore these approaches in a bit more
detail and give the reader an outline of the detailed discussion that will follow in subsequent
sections.

We first consider a formal definition of a consumer durable.  By definition, a durable good delivers
services longer than the period under consideration.28  The System of National Accounts 1993
defines a durable good as follows:

�In the case of goods, the distinction between acquisition and use is analytically important. It
underlies the distinction between durable and non-durable goods extensively used in economic
analysis. In fact, the distinction between durable and non-durable goods is not based on physical
durability as such. Instead, the distinction is based on whether the goods can be used once only for
purposes of production or consumption or whether they can be used repeatedly, or continuously.
For example, coal is a highly durable good in a physical sense, but it can be burnt only once. A
durable good is therefore defined as one which may be used repeatedly or continuously over a
period of more than a year, assuming a normal or average rate of physical usage. A consumer
durable is a good that may be used for purposes of consumption repeatedly or continuously over a
period of a year or more.� System of National Accounts 1993, (1993; 208).

According to the above National Accounts definition, durability is more than the fact that a good
can physically persist for more than a year (this is true of most goods): a durable good is
distinguished from a nondurable good due to its property that it can deliver useful services to a
consumer through repeated use over an extended period of time.

Since the benefits of using the consumer durable extend over more than one period, it does not seem
to be appropriate to charge the entire purchase cost of the durable to the initial period of purchase.
                                                
28 An alternative definition of a durable good is that the good delivers services to its purchaser for a period exceeding
three years: �The Bureau of Economic Analysis defines consumer durables as those durables that have an average life
of at least 3 years.�  Arnold J. Katz (1983; 422).
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If this point of view is taken, then the initial purchase cost must be distributed somehow over the
useful life of the asset.  This is a fundamental problem of accounting.29  Hulten (1990) explains the
consequences for accountants of the durability of a purchase as follows:

�Durability means that a capital good is productive for two or more time periods, and this, in turn,
implies that a distinction must be made between the value of using or renting capital in any year and
the value of owning the capital asset.  This distinction would not necessarily lead to a measurement
problem if the capital services used in any given year were paid for in that year; that is, if all capital
were rented.  In this case, transactions in the rental market would fix the price and quantity of
capital in each time period, much as data on the price and quantity of labor services are derived
from labor market transactions.  But, unfortunately, much capital is utilized by its owner and the
transfer of capital services between owner and user results in an implicit rent typically not observed
by the statistician.  Market data are thus inadequate for the task of directly estimating the price and
quantity of capital services, and this has led to the development of indirect procedures for inferring
the quantity of capital, like the perpetual inventory method, or to the acceptance of flawed
measures, like book value.�  Charles R. Hulten (1990; 120-121).

Thus the treatment of durable goods is more complicated than the treatment of nondurable goods
and services due to the simple fact that the period of time that a durable is used by the consumer
extends beyond the period of purchase.  For nondurables and services, the price statistician�s meas-
urement problems are conceptually simple: prices for the same commodity need only be collected in
each period and compared.  However, for a durable good, the periods of payment and use do not
coincide and so complex imputation problems arise if the goal of the price statistician is to measure
and compare the price of using the services of the durable in two time periods.

As mentioned above, there are 3 main methods for dealing with the durability problem:

•  Ignore the problem of distributing the initial cost of the durable over the useful life of the
good and allocate the entire charge to the period of purchase.  As noted above, this is known
as the acquisitions approach and it is the present approach used by Consumer Price Index
statisticians for all durables with the exception of housing.

•  The rental equivalence approach.  In this approach, a period price is imputed for the durable
which is equal to the rental price or leasing price of an equivalent consumer durable for the
same period of time.

•  The user cost approach.  In this approach, the initial purchase cost of the durable is decom-
posed into two parts: one part which reflects an estimated cost of using the services of the
durable for the period and another part, which is regarded as an investment, which must earn
some exogenous rate of return.

These three major approaches will be discussed more fully in sections 2, 3 and 4 below.  How-
ever, there is a fourth approach to the treatment of consumer durables that has only been used in the
context of pricing owner occupied housing and that is the payments approach 30.  This is a kind of a
cash flow approach, which is not entirely satisfactory.  It will be briefly discussed in section 12 after
we have discussed the treatment of owner occupied housing in more detail.

                                                
29 �The third convention is that of the annual accounting period.  It is this convention which is responsible for most of
the difficult accounting problems.  Without this convention, accounting would be a simple matter of recording
completed and fully realized transactions: an act of primitive simplicity.�  Stephen Gilman (1939; 26).
�All the problems of income measurement are the result of our desire to attribute income to arbitrarily determined short
periods of time.  Everything comes right in the end; but by then it is too late to matter.�  David Solomons (1961; 378).
Note that these authors do not mention the additional complications that are due to the fact that future revenues and
costs must be discounted to yield values that are equivalent to present dollars.
30 This is the term used by Goodhart (2001; F350-F351).
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The above three approaches to the treatment of durable purchases can be applied to the purchase
of any durable commodity.  However, historically, it turns out that the rental equivalence and user
cost approaches have only been applied to owner occupied housing.  In other words, the acquisi-
tions approach to the purchase of consumer durables has been universally used by statistical agen-
cies, with the exception of owner occupied housing.  A possible reason for this is tradition; i.e.,
Marshall set the standard and statisticians have followed his example for the past century.  How-
ever, another possible reason is that unless the durable good has a very long useful life, it usually
will not make a great deal of difference in the long run whether the acquisitions approach or one of
the two alternative approaches is used.  This point is discussed in more detail in section 5 below.

A major component of the user cost approach to valuing the services of owner occupied housing
is the depreciation component.  In section 6, a general model of depreciation for a consumer durable
is presented and then it is specialized to the three most common models of depreciation that are in
use.  The models presented in section 6 assume that homogeneous units of the durable are produced
in each period so that information on the prices of the various vintages of the durable at any point in
time can be used to determine the pattern of depreciation.  However, many durables (like housing)
are custom produced and thus the methods for determining the form of depreciation explained in
section 6 are not applicable.  The special problems caused by these uniquely produced consumer
durables are considered in section 7.

Sections 8, 9, 10 and 11 treat some of the special problems involved in implementing the user
cost and rental equivalence methods for valuing the services provided by Owner Occupied Housing
(OOH).  Section 8 presents a derivation for the user cost of OOH and various approximations to it.
Section 9 looks at some of the problems associated with obtaining constant quality prices for hous-
ing.  Section 10 considers some of the costs that are tied to home ownership while section 11 con-
siders how a landlord�s costs might differ from a homeowner�s costs.  This material is relevant if
the rental equivalence approach to valuing the services of OOH is used: care must be taken to re-
move some costs that are imbedded in market rents that homeowners do not face.

Section 13 tries to bring together all of the material on the problems associated with pricing
Owner Occupied Housing and to outline possible CPI measurement strategies.

2. The Acquisitions Approach

The net acquisitions approach to the treatment of owner occupied housing is described by Goodhart
as follows:

�The first is the net acquisition approach, which is the change in the price of newly purchased
owner occupied dwellings, weighted by the net purchases of the reference population.  This is an
asset based measure, and therefore comes close to my preferred measure of inflation as a change in
the value of money, though the change in the price of the stock of existing houses rather than just of
net purchases would in some respects be even better.  It is, moreover, consistent with the treatment
of other durables.  A few countries, e.g., Australia and New Zealand, have used it, and it is, I
understand, the main contender for use in the Euro-area Harmonized Index of Consumer Prices
(HICP), which currently excludes any measure of the purchase price of (new) housing, though it
does include minor repairs and maintenance by home owners, as well as all expenditures by
tenants.�  Charles Goodhart (2001; F350).

Thus the weights for the net acquisitions approach are the net purchases of the household sector of
houses from other institutional sectors in the base period.  Note that in principle, purchases of
second-hand dwellings from other sectors are relevant here; e.g., a local government may sell rental
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dwellings to owner occupiers.  However, typically, newly built houses form a major part of these
types of transactions. Thus the long term price relative for this category of expenditure will be
primarily the price of (new) houses (quality adjusted) in the current period relative to the price of
new houses in the base period.31  If this approach is applied to other consumer durables, it is
extremely easy to implement: the purchase of a durable is treated in the same way as a nondurable
or service purchase is treated.

One additional implication of the net acquisition approach is that major renovations and additions to
owner occupied dwelling units could also be considered as being in scope for this approach.  In
practice, these costs typically are not covered in a standard consumer price index.  The treatment of
renovations and additions will be considered in more detail in section 10.4 below.

Traditionally, the net acquisitions approach also includes transfer costs relating to the buying and
selling of second hand houses as expenditures that are in scope for an acquisitions type consumer
price index. These costs are mainly the costs of using a real estate agent�s services and asset transfer
taxes.  These transfer costs will be further discussed in sections 10.2 and 10.5 below.

The major advantage of the acquisitions approach is that it treats durable and nondurable purchases
in a completely symmetric manner and thus no special procedures have to be developed by a
statistical agency to deal with durable goods.  As will be seen in section 5 below, the major
disadvantage of this approach is that the expenditures associated with this approach will tend to
understate the corresponding expenditures on durables that are implied by the rental equivalence
and user cost approaches.

Some differences between the acquisitions approach and the other approaches are:

•  If rental or leasing markets for the durable exist and the durable has a long useful life,
then the expenditure weights implied by the rental equivalence or user cost approaches
will typically be much larger than the corresponding expenditure weights implied by the
acquisitions approach; see Section 5 below.

•  If the base year corresponds to a boom year (or a slump year) for the durable, then the
base period expenditure weights may be too large or too small.  Put another way, the
aggregate expenditures that correspond to the acquisitions approach are likely to be
more volatile than the expenditures for the aggregate that are implied by the rental
equivalence or user cost approaches.

•  In making comparisons of consumption across countries where the proportion of owning
versus renting or leasing the durable varies greatly,32 the use of the acquisitions
approach may lead to misleading cross country comparisons.  The reason for this is that
opportunity costs of capital are excluded in the net acquisitions approach whereas they
are explicitly or implicitly included in the other two approaches.

More fundamentally, whether the acquisitions approach is the right one or not depends on the
overall purpose of the index number.  If the purpose is to measure the price of current period
consumption services, then the acquisitions approach can only be regarded as an approximation to a
more appropriate approach (which would be either the rental equivalence or user cost approach).  If

                                                
31 This price index may or may not include the price of the land that the new dwelling unit sits on; e.g., a new house
price construction index would typically not include the land cost.  The acquisitions approach concentrates on the
purchases by households of goods and services that are provided by suppliers from outside the household sector.  Thus
if the land on which a new house sits was previously owned by the household sector, then presumably, the cost of this
land would be excluded from an acquisitions type new house price index.
32 From Hoffmann and Kurz (2002; 3-4), about 60% of German households live in rented dwellings whereas only about
11% of Spaniards rent their dwellings in 1999 (private communication).



50

the purpose of the index is to measure monetary (or nonimputed) expenditures by households
during the period, then the acquisitions approach is preferable, since the rental equivalence and user
cost approaches necessarily involve imputations.

3. The Rental Equivalence Approach

The rental equivalence approach simply values the services yielded by the use of a consumer
durable good for a period by the corresponding market rental value for the same durable for the
same period of time (if such a rental value exists).  This is the approach taken in the System of
National Accounts: 1993 for owner occupied housing:

�As well-organized markets for rented housing exist in most countries, the output of own-account
housing services can be valued using the prices of the same kinds of services sold on the market
with the general valuation rules adopted for goods and services produced on own account.  In other
words, the output of housing services produced by owner-occupiers is valued at the estimated rental
that a tenant would pay for the same accommodation, taking into account factors such as location,
neighbourhood amenities, etc. as well as the size and quality of the dwelling itself.�  Eurostat and
others (1993; 134).

However, the System of National Accounts: 1993 follows Marshall (1898; 595) and does not extend
the rental equivalence approach to consumer durables other than housing.  This seemingly
inconsistent treatment of durables is explained in the SNA 1993 as follows:

�The production of housing services for their own final consumption by owner-occupiers has al-
ways been included within the production boundary in national accounts, although it constitutes an
exception to the general exclusion of own-account service production.  The ratio of owner-occupied
to rented dwellings can vary significantly between countries and even over short periods of time
within a single country, so that both international and intertemporal comparisons of the production
and consumption of housing services could be distorted if no imputation were made for the value of
own-account services.�  Eurostat and others (1993; 126).

Eurostat�s (2001) Handbook on Price and Volume Measures in National Accounts also
recommends the rental equivalence approach for the treatment of the dwelling services for owner
occupied housing:

�The output of dwelling services of owner occupiers at current prices is in many countries estimated
by linking the actual rents paid by those renting similar properties in the rented sector to those of
owner occupiers.  This allows the imputation of a notional rent for the service owner occupiers
receive from their property.�  Eurostat (2001; 99).

The US statistical agencies, the Bureau of Labor Statistics and the Bureau of Economic Analysis,
both use the rental equivalence approach to value the services of owner occupied housing.  Katz
describes the BEA procedures as follows:

�Basically, BEA measures the gross rent (space rent) of owner occupied housing from data on the
rent paid for similar housing with the same market value.  To get the service value that is added to
GNP (gross housing product), the value of intermediate goods and services included in this figure
(e. g., expenditures for repair and maintenance, insurance, condominium fees, and closing costs) are
subtracted from the space rent.  To obtain a net return (net rental income), depreciation, taxes, and
net interest are subtracted from, and subsidies added to, the service value.�  Arnold J. Katz (1983;
411).
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There are some problems with the above treatment of housing and they will be discussed in later
sections after the user cost approach to durables has been discussed.33

To summarize the above material, it can be seen that the rental equivalence approach to the
treatment of durables is conceptually simple: impute a current period rental or leasing price for a
comparable product as the price for the purchase of a unit of a consumer durable.  For existing
stocks of used consumer durables, the rental equivalence approach would entail finding rental prices
for comparable used units.34  To date, as noted above, statistical agencies have not done this, with
the single exception of owner occupied housing.  However, note that in order to implement the
rental equivalence approach, it is necessary that the relevant rental or leasing markets exist and
often this will not be the case, particularly when it is recognized that vintage specific rental prices
may be required for all vintages of the durable held by households.35

4.  The User Cost Approach

The user cost approach to the treatment of durable goods is in some ways very simple: it calculates
the cost of purchasing the durable at the beginning of the period, using the services of the durable
during the period and then netting off from these costs the benefit that could be obtained by selling
the durable at the end of the period.  However, there are several details of this procedure that are
somewhat controversial.  These details involve the use of opportunity costs, which are usually
imputed costs, the treatment of interest and the treatment of capital gains or holding gains.

Another complication with the user cost approach is that it involves making distinctions between
current period (flow) purchases within the period under consideration and the holdings of physical
stocks of the durable at the beginning and the end of the accounting period.  Up to this point, all
prices and quantity purchases were thought of as taking place at a single point in time, say the
middle of the period under consideration, and consumption was thought of as taking place within
the period as well.  Thus, there was no need to consider the behavior (and valuation) of stocks of
consumer durables that households may have a their disposal.  The rather complex problems
involved in accounting for stocks and flows are unfamiliar to most price statisticians.

To determine the net cost of using the durable good during say period 0, assume that one unit of the
durable good is purchased at the beginning of period 0 at the price P0. The �used� or �second-hand�
durable good can be sold at the end of period 0 at the price PS

1.  It might seem that a reasonable net
cost for the use of one unit of the consumer durable during period 0 is its initial purchase price P0

less its end of period 0 �scrap value� PS
1.  However, money received at the end of the period is not

as valuable as money that is received at the beginning of the period.  Thus in order to convert the
end of period value into its beginning of the period equivalent value, it is necessary to discount the
                                                
33 To anticipate the later results: the main problem is that the rental equivalence approach to valuing the services of
owner occupied housing may give a higher valuation for these services than the user cost approach.
34 Another method for determining rental price equivalents for stocks of consumer durables is to ask households what
they think their durables would rent for.  This approach is used by the Bureau of Labor Statistics in order to determine
expenditure weights for owner occupied housing; i.e., homeowners are asked to estimate what their house would rent
for if it were rented to a third party; see the Bureau of Labor Statistics (1983).  Lebow and Rudd (2003; 169) note that
these consumer expenditure survey based estimates of imputed rents in the US differ considerably from the
corresponding Bureau of Economic Analysis estimates for imputed rents, which are based on applying a rent to value
ratio for rented properties to the owner occupied stock of housing.  Lebow and Rudd feel that the expenditure survey
estimates may be less reliable than ratio of rent to value method due to the relatively small size of the consumer
expenditure survey plus the difficulties households may have in recalling or estimating expenditures.
35 However, if the form of depreciation is of the one hoss shay or light bulb type, then the rental price for the durable
will be the same for all vintages and hence a detailed knowledge of market rentals by vintage will not be required.  The
light bulb model of depreciation dates back to Böhm-Bawerk (1891; 342). For more recent material on this model, see
section 6.4 below or Hulten (1990) or Diewert (2003b).
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term PS
1 by the term 1+r0 where r0 is the beginning of period 0 nominal interest rate that the

consumer faces.  Hence the period 0 user cost u0 for the consumer durable36 is defined as

(1) u0 ≡ P0 − PS
1/(1+r0) .

There is another way to view the user cost formula (1): the consumer purchases the durable at the
beginning of period 0 at the price P0 and charges himself or herself the rental price u0.  The
remainder of the purchase price, I0, defined as

(2) I0 ≡ P0 − u0

can be regarded as an investment, which is to yield the appropriate opportunity cost of capital r0 that
the consumer faces.  At the end of period 0, this rate of return could be realized provided that I0, r0

and the selling price of the durable at the end of the period PS
1 satisfy the following equation:

(3) I0(1+r0) = PS
1 .

Given PS
1 and r0, (3) determines I0, which in turn, given P0, determines the user cost u0 via (2)37.

It should be noted that some price statisticians object to the user cost concept as a valid pricing
concept for a Consumer Price Index:

�A suitable price concept for a CPI ought to reflect only a ratio of exchange of money for other
things, not a ratio at which money in one form or time period can be traded for money in another
form or time period. The ratio at which money today can be traded for money tomorrow by paying
an interest rate or by enjoying actual or expected holding gains on an appreciating asset has no part
in a measure of the current purchasing power of money.�  Marshall Reinsdorf (2003).

Thus user costs are not like the prices of nondurables or services because the user cost concept
involves pricing the durable at two points in time rather than at a single point in time.38  Because the
user cost concept involves prices at two points in time, money received or paid out at the first point
in time is more valuable than money paid out or received at the second point in time and so interest
rates creep into the user cost formula.  Furthermore, because the user cost concept involves prices at
two points in time, expected prices can be involved if the user cost is calculated at the beginning of
the period under consideration instead of at the end.  With all of these complications, it is no
wonder that many price statisticians would like to avoid the using user costs as a pricing concept.
However, even for price statisticians who would prefer to use the rental equivalence approach to the
treatment of durables over the user cost approach, there is some justification for considering the
user cost approach in some detail, since this approach gives insights into the economic determinants
of the rental or leasing price of a durable.  As will be seen in section 11 below, the user cost for a

                                                
36 This approach to the derivation of a user cost formula was used by Diewert (1974b) who in turn based it on an
approach due to Hicks (1946; 326).
37 This derivation for the user cost of a consumer durable was also made by Diewert (1974b; 504).
38 Woolford also suggested that interest should be excluded from an ideal price index that measured inflation.  In his
view, interest is not a contemporaneous price; i.e., an interest rate necessarily refers to two points in time; a beginning
point when the capital is loaned and an ending point when the capital loaned must be repaid.  Thus if one wanted to
restrict attention to a domain of definition that consisted of only contemporaneous prices, interest rates would be
excluded.  Woolford (1999; 535) noted that his ideal inflation measure �would be contemporary in nature, capturing
only the current trend in prices associated with transactions in goods and services.  It would exclude interest rates on the
ground that they are intertemporal prices, representing the relative price of consuming today rather than in the future.�
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house can differ substantially for a landlord compared to an owner and thus adjustments should be
made to market rents for dwelling units if these observed rents are to be used as imputations for
owner occupied rents.

The user cost formula (1) can be put into a more familiar form if the period 0 economic
depreciation rate δ and the period 0 ex post asset inflation rate i0 are defined.  Define δ by:

(4) (1 − δ) ≡ PS
1/P1

where PS
1 is the price of a used asset at the end of period 0 and P1 is the price of a new asset at the

end of period 0.  The period 0 inflation rate for the new asset, i0, is defined by:

(5) 1+i0 ≡ P1/P0 .

Eliminating P1 from equations (4) and (5) leads to the following formula for the end of period 0
used asset price:

(6) PS
1 = (1 − δ)(1 + i0)P0 .

Substitution of (6) into (1) yields the following expression for the period 0 user cost u0:

(7) u0 = [(1 + r0) − (1 − δ)(1 + i0)]P0 / (1 + r0) .

Note that r0 − i0 can be interpreted as a period 0 real interest rate and δ(1+i0) can be interpreted as
an inflation adjusted depreciation rate.

The user cost u0 is expressed in terms of prices that are discounted to the beginning of period 0.
However, it is also possible to express the user cost in terms of prices that are �discounted� to the
end of period 0.39  Thus define the end of period 0 user cost p0 as:40

(8) p0 ≡ (1 + r0)u0 = [(1 + r0) − (1 − δ)(1 + i0)]P0

where the last equation follows using (7). If the real interest rate r0* is defined as the nominal
interest rate r0 less the asset inflation rate i0 and the small term δi0 is neglected, then the end of the
period user cost defined by (8) reduces to:

(9) p0 = (r0* + δ)P0 .

                                                
39 Thus the beginning of the period user cost u0 discounts all monetary costs and benefits into their dollar equivalent at
the beginning of period 0 whereas p0 discounts (or appreciates) all monetary costs and benefits into their dollar
equivalent at the end of period 0.  This leaves open how flow transactions that take place within the period should be
treated.  Following the conventions used in financial accounting suggests that flow transactions taking place within the
accounting period be regarded as taking place at the end of  the accounting period and hence following this convention,
end of period user costs should be used by the price statistician.
40 Christensen and Jorgenson (1969) derived a user cost formula similar to (7) in a different way using a continuous
time optimization model.  If the inflation rate i equals 0, then the user cost formula (7) reduces to that derived by Walras
(1954; 269) (first edition 1874).  This zero inflation rate user cost formula was also derived by the industrial engineer A.
Hamilton Church (1901; 907-908), who perhaps drew on the work of Matheson: �In the case of a factory where the
occupancy is assured for a term of years, and the rent is a first charge on profits, the rate of interest, to be an appropriate
rate, should, so far as it applies to the buildings, be equal (including the depreciation rate) to the rental which a landlord
who owned but did not occupy a factory would let it for.� Ewing Matheson (1910; 169), first published in 1884.
Additional derivations of user cost formulae in discrete time have been made by Katz (1983; 408-409) and Diewert
(2003b).  Hall and Jorgenson (1967) introduced tax considerations into user cost formulae.
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Abstracting from transactions costs and inflation, it can be seen that the end of the period user cost
defined by (9) is an approximate rental cost; i.e., the rental cost for the use of a consumer (or
producer) durable good should equal the (real) opportunity cost of the capital tied up, r0*P0, plus the
decline in value of the asset over the period, δP0.  Formulae (8) and (9) thus cast some light on what
are the economic determinants of rental or leasing prices for consumer durables.

If the simplified user cost formula defined by (9) above is used, then forming a price index for the
user costs of a durable good is not very much more difficult than forming a price index for the
purchase price of the durable good, P0.  The price statistician needs only to:

•  Make a reasonable assumption as to what an appropriate monthly or quarterly real interest
rate r0* should be;

•  Make an assumption as to what a reasonable monthly or quarterly depreciation rate δ should
be;41

•  Collect purchase prices P0 for the durable and
•  Make an estimate of the total stock of the durable which was held by the reference

population during the base period for quantities.  In order to construct a superlative index,
estimates of the stock held will have to be made for each period.

If it is thought necessary to implement the more complicated user cost formula (8) in place of the
simpler formula (9), then the situation is more complicated.  As it stands, the end of the period user
cost formula (8) is an ex post (or after the fact) user cost: the asset inflation rate i0 cannot be
calculated until the end of period 0 has been reached.  Formula (8) can be converted into an ex ante
(or before the fact) user cost formula if i0 is interpreted as an anticipated asset inflation rate.  The
resulting formula should approximate a market rental rate for the asset under inflationary
conditions.42

Note that in the user cost approach to the treatment of consumer durables, the entire user cost
formula (8) or (9) is the period 0 price.  Thus in the time series context, it is not necessary to deflate
each component of the formula separately; the period 0 price p0 ≡ [r0 − i0 + δ(1+i0)]P0 is compared
to the corresponding period 1 price, p1 ≡ [r1 − i1 + δ(1+i1)]P1 and so on.

In principle, depreciation rates can be estimated using information on the selling prices of used units
of the durable good.  In section 6 below, this methodology will be explained in more detail.
However, before this is done, it will be useful to use the material in this section to explain what the
relationship between the user cost and acquisition approaches to the treatment of durables is likely
to be.  This topic is discussed in the following section.

5.  The Relationship Between User Costs and Acquisition Costs

In this section, the user cost approach to the treatment of consumer durables will be compared to the
acquisitions approach.  Obviously, in the short run, the value flows associated with each approach
                                                
41 The geometric model for depreciation to be explained in more detail in section 6.2 below requires only a single
monthly or quarterly depreciation rate.  Other models of depreciation may require the estimation of a sequence of
vintage depreciation rates.  If the estimated annual geometric depreciation rate is δa, then the corresponding monthly
geometric depreciation rate δ can be obtained by solving the equation (1 − δ)12 = 1 − δa.  Similarly, if the estimated
annual real interest rate is ra*, then the corresponding monthly real interest rate r* can be obtained by solving the
equation (1 + r*)12 = 1 + ra*.
42 Since landlords must set their rent at the beginning of the period (and in fact, they usually set their rent for an
extended period of time), if the user cost approach is used to model the economic determinants of market rental rates,
then the asset inflation rate i0 should be interpreted as an expected inflation rate rather than an after the fact actual
inflation rate.  This use of ex ante prices in this price measurement context should be contrasted with the preference of
national accountants to use actual or ex post prices in the system of national accounts.
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could be very different.  For example, if real interest rates, r0 − i0, are very high and the economy is
in a severe recession or depression, then purchases of new consumer durables, Q0 say, could be very
low and even approach 0 for very long lived assets, like houses.  On the other hand, using the user
cost approach, existing stocks of consumer durables would be carried over from previous periods
and priced out at the appropriate user costs and the resulting consumption value flow could be quite
large.  Thus in the short run, the monetary values of consumption under the two approaches could
be vastly different.  Hence, in what follows, a (hypothetical) longer run comparison is considered
where real interest rates are held constant.43

Suppose that in period 0, the reference population of households purchased q0 units of a consumer
durable at the purchase price P0.  Then the period 0 value of consumption from the viewpoint of the
acquisitions approach is:

(10) VA
0 ≡ P0q0 .

Recall that the end of period user cost for one new unit of the asset purchased at the beginning of
period 0 was p0 defined by (8) above.  In order to simplify the analysis, declining balance
depreciation is assumed44; i.e., at the beginning of period 0, a one period old asset is worth (1−δ)P0;
a two period old asset is worth (1−δ)2P0; � ; a t period old asset is worth (1−δ)tP0; etc.  Under these
hypotheses, the corresponding end of period 0 user cost for a new asset purchased at the beginning
of period 0 is p0; the end of period 0 user cost for a one period old asset at the beginning of period 0
is (1−δ)p0; the corresponding user cost for a two period old asset at the beginning of period 0 is
(1−δ)2p0; � ; the corresponding user cost for a t period old asset at the beginning of period 0 is
(1−δ)tp0; etc.45  The final simplifying assumption is that household purchases of the consumer
durable have been growing at the geometric rate g into the indefinite past.  This means that if
household purchases of the durable were q0 in period 0, then in the previous period they purchased
q0/(1+g) new units; two periods ago, they purchased q0/(1+g)2  new units; � ; t periods ago, they
purchased q0/(1+g)t  new units; etc.  Putting all of these assumptions together, it can be seen that the
period 0 value of consumption from the viewpoint of the user cost approach is:

(11) VU
0 ≡ p0q0 + [(1 − δ)p0q0/(1 + g)] + [(1 − δ)2 p0q0/(1 + g)2] + �

               = (1 + g)p0q0/(g + δ)                                                    summing the infinite series
(12)        = (1 + g)[(1 + r0) − (1 − δ)(1 + i0)]P0q0/(g + δ)            using (8).

Equation (12) can be simplified by letting the asset inflation rate i0 be 0 ( or by replacing  r0 � i0 by
the real interest rate r0* and by ignoring the small term δi0) and under these conditions, the ratio of
the user cost flow of consumption (12) to the acquisitions measure of consumption in period 0, (10)
is:

(13) VU
0/VA

0 = (1 + g)(r0* + δ)/(g + δ) .

Using formula (13), it can be seen that if 1+g > 0 and δ + g > 0, then VU
0 / VA

0 will be greater than
unity if

(14) r0* > g(1 − δ)/(1 + g) ,

                                                
43 The following material is based on Diewert (2002c).
44 This form of depreciation will be discussed in more detail in section 6.2 below.
45 For some consumer durables, the one hoss shay assumption for depreciation may be more realistic than the declining
balance model; see section 6.4 below or Hulten (1990) or Diewert and Lawrence (2000).
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a condition that will usually be satisfied.46  Thus under normal conditions and over a longer time
horizon, household expenditures on consumer durables using the user cost approach will tend to
exceed the corresponding money outlays on new purchases of the consumer durable.  The
difference between the two approaches will tend to grow as the life of the asset increases (i.e., as the
depreciation rate δ decreases).

To get a rough idea of the possible magnitude of the value ratio for the two approaches, VU
0/VA

0,
equation (13) is evaluated for a �housing� example using annual data where the depreciation rate is
2 % (i.e., δ = .02), the real interest rate is 4 % (i.e., r0* = .04) and the growth rate for the production
of new houses is 1 % (i.e., g = .01).  In this base case, the ratio of user cost expenditures on housing
to the purchases of new housing in the same period, VU

0/VA
0, is 2.02.  If the depreciation rate is

increased to 3 %, then VU
0/VA

0 decreases to 1.77; if the depreciation rate is decreased to 1 %, then
VU

0/VA
0 increases to 2.53.  Again looking at the base case, if the real interest rate is increased to 5

%, then VU
0/VA

0 increases to 2.36 while if the real interest rate is decreased to 3 %, then VU
0/VA

0

decreases to 1.68.  Finally, if the growth rate for new houses is increased to 2 %, then VU
0/VA

0

decreases to 1.53 while if the growth rate is decreased to 0, then VU
0/VA

0 increases to 3.00.  Thus
an acquisitions approach to housing in the CPI is likely to give about one half the expenditure
weight that a user cost approach would give.

For shorter lived assets, the difference between the acquisitions approach and the user cost approach
will not be so large and hence, this justifies the acquisitions approach as being approximately
�correct� as a measure of consumption services.47

Here is a list of some of the problems and difficulties that might arise in implementing a user cost
approach to purchases of a consumer durable:48

•  It is difficult to determine what the relevant nominal interest rate r0 is for each household.  If a
consumer has to borrow to finance the cost of a durable good purchase, then this interest rate
will typically be much higher than the safe rate of return that would be the appropriate
opportunity cost rate of return for a consumer who had no need to borrow funds to finance the
purchase.49  It may be necessary to simply use a benchmark interest rate that would be
determined by either the government, a national statistical agency or an accounting standards
board.

                                                
46 Note that if the real interest rate r0 equals g, the real rate of growth in the purchases of the durable, then from (13),
VU

0 / VA
0 = (1+g) and the acquisitions approach will be more or less equivalent to the user cost approach over the long

run.
47 The simplified user cost approach can be used for other consumer durables as well.  In formula (13), let r0* = .04, g =
.01 and δ = .15 and under these conditions, VU

0/VA
0 = 1.20; i.e., for a declining balance depreciation rate of 15%, the

user cost approach leads to an estimated value of consumption that is 20% higher than the acquisitions approach under
the conditions specified.  Thus for consumer durable depreciation rates that are lower than 15%, it would be useful for
the statistical agency to produce user costs for these goods and for the national accounts division to produce the
corresponding consumption flows as �analytic series�.  It should be noted that this extends the present national accounts
treatment of housing to other long lived consumer durables.  Note also that this revised treatment of consumption in the
national accounts would tend to make rich countries richer, since poorer countries hold fewer long lived consumer
durables on a per capita basis.
48 For additional material on difficulties with the user cost approach, see Diewert (1980; 475-479) and Katz (1983; 415-
422).
49 Katz (1983; 415-416) comments on the difficulties involved in determining the appropriate rate of interest to use:
�There are numerous alternatives: a rate on financial borrowings, on savings, and a weighted average of the two; a rate
on nonfinancial investments. e.g., residential housing, perhaps adjusted for capital gains; and the consumer�s subjective
rate of time preference.  Furthermore, there is some controversy about whether it should be the maximum observed rate,
the average observed rate, or the rate of return earned on investments that have the same degree of risk and liquidity as
the durables whose services are being valued.�
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•  It will generally be difficult to determine what the relevant depreciation rate is for the consumer
durable.50

•  Ex post user costs based on formula (8) will be too volatile to be acceptable to users51 (due to
the volatility of the asset inflation rate i0) and hence an ex ante user cost concept will have to be
used.  This creates difficulties in that different national statistical agencies will generally make
different assumptions and use different methods in order to construct forecasted structures and
land inflation rates and hence the resulting ex ante user costs of the durable may not be
comparable across countries.52

•  The user cost formula (8) should be generalized to accommodate various taxes that may be
associated with the purchase of a durable or with the continuing use of the durable.53

Some of the problems associated with estimating depreciation rates will be discussed in the next
section.

6.  Alternative Models of Depreciation

6.1  A General Model of Depreciation for (Unchanging) Consumer Durables

In this subsection, a �general� model of depreciation for durable goods that appear on the market
each period without undergoing quality change will be presented.  In three subsequent subsections,
this general model will be specialized to the three most common models of depreciation that appear
in the literature.  In section 7 below, the additional problems that occur when the durable is built as
a unique good will be discussed.

The main tool that can be used to identify depreciation rates for a durable good is the (cross
sectional) sequence of vintage asset prices that units of the good sell for on the second hand market
at any point of time.54

Some notation is required.  Let P0 be the price of a newly produced unit of the durable good at the
beginning of period 0 (this is the same notation as was used earlier).  Let Pv

t be the second hand

                                                
50 It is not necessary to assume declining balance depreciation in the user cost approach: any pattern of depreciation can
be accommodated, including one hoss shay depreciation, where the durable yields a constant stream of services over
time until it is scrapped.  See Diewert and Lawrence (2000) for some empirical examples for Canada using different
assumptions about the form of depreciation.  For references to the depreciation literature and for empirical methods for
estimating depreciation rates, see Hulten and Wykoff (1981a) (1981b) (1996) and Jorgenson (1996).
51 Goodhart (2001; F351) comments on the practical difficulties of using ex post user costs for housing as follows: �An
even more theoretical user cost approach is to measure the cost foregone by living in an owner occupied property as
compared with selling it at the beginning of the period and repurchasing it at the end ... But this gives the absurd result
that as house prices rise, so the opportunity cost falls; indeed the more virulent the inflation of housing asset prices, the
more negative would this measure become.  Although it has some academic aficionados, this flies in the face of
common sense; I am glad to say that no country has adopted this method.�  As will be seen later, Iceland has in fact
adopted a simplified user cost framework.
52 For additional material on the difficulties involved in constructing ex ante user costs, see Diewert (1980; 475-486)
and Katz (1983; 419-420).  For empirical comparisons of different user cost formulae, see Harper, Berndt and Wood
(1989) and Diewert and Lawrence (2000).
53 For example, property taxes are associated with the use of housing services and hence should be included in the user
cost formula; see section 10.2 below.  As Katz (1983; 418) noted, taxation issues also impact the choice of the interest
rate: �Should the rate of return be a before or after tax rate?�  From the viewpoint of a household that is not borrowing
to finance the purchase of the durable, an after tax rate of return seems appropriate but from the point of a leasing firm,
a before tax rate of return seems appropriate.  This difference helps to explain why rental equivalence prices for the
durable might be higher than user cost prices; see also section 11.4 below.
54 Another information source that could be used to identify depreciation rates for the durable good is the sequence of
vintage rental or leasing prices that might exist for some consumer durables.  In the closely related capital measurement
literature, the general framework for an internally consistent treatment of capital services and capital stocks in a set of
vintage accounts was set out by Jorgenson (1989) and Hulten (1990; 127-129) (1996; 152-160).
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market price at the beginning of period t of a unit of the durable good that is v periods old.55  Let δv
0

be the period 0 depreciation rate for a unit of the durable good that is v periods old at the beginning
of period 0.  These depreciation rates can be defined recursively, starting with the period 0
depreciation rate for a brand new unit, δ0

0, using the period 0 vintage asset prices Pv
0 as follows:

(15) 1 − δ0
0 ≡ P1

0/P0 .

Once δ0
0 has been defined by (15), the period 0 cross sectional depreciation rate for a unit of the

durable good that is one period old at the beginning of period 0, δ1
0, can be defined using the

following equation:

(16) (1 − δ1
0)(1 − δ0

0)  ≡ P2
0/P0 .

Note that P2
0 is the beginning of period 0 asset price of a unit of the durable good that is 2 periods

old and it is compared to the price of a brand new unit of the durable, P0 (which is equal to P0
0 using

the vintage good notation).

Given that the period 0 cross sectional depreciation rates for units of the durable that are 0, 1, 2,�,
v − 1 periods old at the beginning of period 0 are defined (these are the depreciation rates δ0

0, δ1
0,

δ2
0,�, δv−1

0), then the period 0 cross sectional depreciation rate for units of the durable that are v
periods old at the beginning of period 0 can be defined using the following equation:

(17) (1 − δv
0) � (1 − δ1

0)(1 − δ0
0)  ≡ Pv+1

0/P0 .

It should be clear how the sequence of period 0 vintage asset prices Pv
0 can be converted into a

sequence of period 0 vintage depreciation rates.  It should also be clear that the sequence of
equations (15)-(17) can be repeated using the vintage asset price data pertaining to the beginning of
period t, Pv

t, in order to obtain a sequence of period t vintage depreciation rates, δv
t.  In the

depreciation literature, it is usually assumed that the sequence of vintage depreciation rates, δv
t, is

independent of the period t so that:

(18) δv
t = δv     for all periods t and all vintages v.

The above material shows how the sequence of vintage or used durable goods prices at a point in
time can be used in order to estimate depreciation rates.  This type of methodology, with a few extra
modifications to account for differing ages of retirement, was pioneered by Beidelman (1973)
(1976) and Hulten and Wykoff (1981a) (1981b) (1996).56

Recall the user cost formula for a new unit of the durable good under consideration defined by (1)
above.  The same approach can be used in order to define a sequence of period 0 user costs for all
vintages v of the durable.  Thus suppose that Pv+1

1a is the anticipated end of period 0 price of a unit
of the durable good that is v periods old at the beginning of period  0 and let r0 be the consumer�s
opportunity cost of capital.  Then the discounted to the beginning of period 0 user cost of a unit of
the durable good that is v periods old at the beginning of period 0, uv

0, is defined as follows:

                                                
55 Using this notation for vintages, it can be seen that the vintage v = 0 price at the beginning of period t = 0, P0

0, is
equal to the price of a new unit of the good, P0.  If these second hand vintage prices depend on how intensively the
durable good has been used in previous periods, then it will be necessary to further classify the durable good not only
by its vintage v but also according to the intensity of its use.  In this case, think of the sequence of vintage asset prices
Pv

0 as corresponding to the prevailing market prices of the various vintages of the good at the beginning of period 0 for
a assets that have been used at �average� intensities.
56 See also Jorgenson (1996) for a review of the empirical literature on the estimation of depreciation rates.
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(19) uv
0 ≡ Pv

0 − Pv+1
1a/(1 + r0) ;                                   v = 0,1,2, �

It is now necessary to specify how the end of period 0 anticipated vintage asset prices Pv
1a are

related to their counterpart beginning of period 0 vintage asset prices Pv
0.  The assumption that is

made now is that the entire sequence of vintage asset prices at the end of period 0 is equal to the
corresponding sequence of asset prices at the beginning of period 0 times a general anticipated
period 0 inflation rate factor, (1+i0), where i0 is the anticipated period 0 (general) asset inflation
rate.  Thus it is assumed that

(20) Pv
1a = (1 + i0)Pv

0 ;                            v = 1,2, �

Substituting (20) and (15)-(18) into (19) leads to the following beginning of period 0 sequence of
vintage user costs:57

(21) uv
0 = (1 − δv−1)(1 − δv−2) � (1 − δ0)[(1 + r0) − (1 − δv)(1 + i0)]P0/(1 + r0)

             = (1 − δv−1)(1 − δv−2) � (1 − δ0)[ r0 − i0 + δv(1 + i0)]P0/(1 + r0) ;          v = 0,1,2,�

Note that if v = 0, then the u0
0 defined by (21) agrees with the user cost formula for a new purchase

of the durable u0 that was derived earlier in (7).

The sequence of vintage user costs uv
0 defined by (21) are expressed in terms of prices that are

discounted to the beginning of period 0.  However, as was done in section 4 above, it is also
possible to express the user costs in terms of prices that are �discounted� to the end of period 0.
Thus define the sequence of vintage end of period 0 user cost pv

0 as follows:

(22) pv
0 ≡ (1 + r0)uv

0 = (1 − δv−1)(1 − δv−2) � (1 − δ0)[ r0 − i0 + δv(1 + i0)]P0 ;  v = 0,1,2,�

If the real interest rate r0* is defined as the nominal interest rate r0 less the asset inflation rate i0 and
the small terms δv i0 are neglected in (22), then the sequence of end of the period user costs defined
by (22) reduces to:

(23) pv
0 = (1 − δv−1)(1 − δv−2) � (1 − δ0)[ r0* + δv]P0 ;                                     v = 0,1,2,�

Thus if the price statistician has estimates for the vintage depreciation rates δv and the real interest
rate r0* and is able to collect a sample of prices for new units of the durable good P0, then the
sequence of vintage user costs defined by (23) can be calculated.  To complete the model, the price
statistician should gather information on the stocks held by the household sector of each vintage of
the durable good and then normal index number theory can be applied to these p�s and Q�s, with the
p�s being vintage user costs and the Q�s being the vintage stocks pertaining to each period.  For
some worked examples of this methodology under various assumptions about depreciation rates and
the calculation of expected asset inflation rates, see Diewert and Lawrence (2000) and Diewert
(2003c).58

In the following three subsections, the general methodology described above is specialized by
making additional assumptions about the form of the vintage depreciation rates δv.

6.2  Geometric or Declining Balance Depreciation

                                                
57 When v = 0, define δ−1 ≡1; i.e., the terms in front of the square brackets on the right hand side of (21) are set equal to
1.
58 Additional examples and discussion can be found in two recent OECD Manuals on productivity measurement and the
measurement of capital; see OECD (2001a) (2001b).
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The declining balance method of depreciation dates back to Matheson (1910; 55) at least.59  In
terms of the algebra presented in section 6.1 above, the method is very simple: all of the cross
sectional vintage depreciation rates δv

0 defined by (15)-(17) are assumed to be equal to the same
rate δ, where δ is a positive number less than one; i.e., for all time periods t and all vintages v, it is
assumed that

(24) δv
t = δ ;                                                                                                      v = 0,1,2,... .

Substitution of (24) into (22) leads to the following formula for the sequence of period 0 vintage
user costs:

(25) pv
0 = (1 − δ)v[ r0 − i0 + δv(1 + i0)]P0 ;                                                       v = 0,1,2,�

             = (1 − δ)v p0
0 .

The second set of equations in (25) says that all of the vintage user costs are proportional to the
user cost for a new asset.  This proportionality means that it is not necessary to use an index
number formula to aggregate over vintages to form a durable services aggregate.  To see this, it is
useful to calculate the aggregate value of services yielded by all vintages of the consumer durable at
the beginning of period 0.  Let q−v be the quantity of the durable purchased by the household sector
v periods ago for v = 1,2,�. and let q0 be the new purchases of the durable during period 0.  The
beginning of period 0 price for these vintages of age v will be pv

0 defined by (25) above.  Thus the
aggregate services of all vintages of the good, including those purchased in period 0, will have the
following value, S0:

(26) S0 = p0
0q0 + p1

0q−1 + p2
0q−2 + �

            = p0
0q0 + (1 − δ) p0

0q−1 + (1 − δ)2 p0
0q−2 + �                      using (25)

            = p0
0 [q0 + (1 − δ)q−1 + (1 − δ)2q−2 + � ]

            = p0
0Q0

where the period 0 aggregate (quality adjusted) quantity of durable services consumed in period 0,
Q0, is defined as

(27) Q0 ≡ q0 + (1 − δ)q−1 + (1 − δ)2q−2 + � .

Thus the period 0 services quantity aggregate Q0 is equal to new purchases of the durable in period
0, q0, plus one minus the depreciation rate δ times the purchases of the durable in the previous
period, q−1, plus the square of one minus the depreciation rate times the purchases of the durable
two periods ago, q−2, and so on.  The service price that can be applied to this quantity aggregate is
p0

0, the imputed rental price or user cost for a new unit of the durable purchased in period 0.

If the depreciation rate δ and the purchases of the durable in prior periods are known, then the
aggregate service quantity Q0 can readily be calculated using (27).  Then using (26), it can be seen
that the value of the services of the durable (over all vintages), St, decomposes into the price term
p0

0 times the quantity term Q0.  Hence, it is not necessary to use an index number formula to
aggregate over vintages using this depreciation model.

6.3  Straight Line Depreciation
                                                
59 A case for attributing the method to Walras (1954; 268-269) could be made but he did not lay out all of the details.
Matheson (1910; 91) used the term �diminishing value� to describe the method.  Hotelling (1925; 350) used the term
�the reducing balance method� while Canning (1929; 276) used the term the �declining balance formula�.
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Another very common model of depreciation is the straight line model.60  In this model, a most
probable length of life for the durable is somehow determined, say L periods, so that after being
used for L periods, the durable is scrapped.  In the straight line depreciation model, it is assumed
that the period 0 cross sectional vintage asset prices Pv

0 follow the following pattern of linear
decline relative to the period 0 price of a new asset P0:

(28) Pv
0/P0 = [L − v]/L                                                                   for v = 0, 1, 2, �, L−1.

For v = L, L+1, �., it is assumed that Pv
0 = 0.  Now substitute (20) and (28) into the beginning of

the period user cost formula (19) in order to obtain the following sequence of period 0 vintage user
costs for the durable:

(29) uv
0 = Pv

0 − (1 + i0)Pv+1
0/(1 + r0)                                              for v = 0, 1, 2, �, L−1

             = [1/L][(L − v) − (L − v − 1){(1+i0)/(1+r0)}]P0

             = [(L − v)r0* + 1] P0/L(1 + r0*)

where the asset specific real interest rate for period 0, r0*, is defined by

(30) 1 + r0* ≡ (1 + r0)/(1 + i0) .

The user costs for units of the durable good that are older than L periods are zero; i.e., uv
0 ≡ 0 for v

≥ L.  Looking at the terms in square brackets on the right hand side of (29), it can be seen that the
first term is a real interest opportunity cost for holding and using the unit of the durable that is v
periods old (and this imputed interest cost declines as the durable good ages) and the second term is
a depreciation term that is equal to the constant rate 1/L .

In this model of depreciation, it is necessary to keep track of household purchases of the durable for
L periods and weight up each vintage quantity q−v of these purchases by the corresponding vintage
user cost uv

0 defined by (29) or the end of period vintage user costs pv
0 defined as (1+r0)uv

0 could be
used.61

6.4  One Hoss Shay or Light Bulb Depreciation

The final model of depreciation that is in common use is the �light bulb� or one hoss shay model of
depreciation.62  In this model, the durable delivers the same services for each vintage: a chair is a
chair, no matter what its age is (until it falls to pieces and is scrapped).  Thus this model also
requires an estimate of the most probable life L of the consumer durable.63  In this model, it is

                                                
60 This model of depreciation dates back to the late 1800�s; see Matheson (1910; 55), Garcke and
Fells (1893; 98) or Canning (1929; 265-266).

61 A worked example using this model of depreciation can be found in Diewert (2003b)
62 This model can be traced back to Böhm-Bawerk (1891; 342).  For a more comprehensive exposition, see Hulten
(1990; 124) or Diewert (2003b).
63 The assumption of a single life L for a durable can be relaxed using a methodology due to Hulten:
�We have thus far taken the date of retirement T to be the same for all assets in a given cohort (all
assets put in place in a given year).  However, there is no reason for this to be true, and the theory is
readily extended to allow for different retirement dates.  A given cohort can be broken into
components, or subcohorts, according to date of retirement and a separate T assigned to each.  Each
subcohort can then be characterized by its own efficiency sequence, which depends among other
things on the subcohort�s useful life Ti.�  Charles R. Hulten (1990; 125).
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assumed that the sequence of vintage beginning of the period user costs uv
0 defined by the first line

of (29) is constant for all vintages younger than the asset lifetime L; i.e., it is assumed that

(31) u0 = uv
0 = Pv

0 − (1 + i0)Pv+1
0/(1 + r0)                                   for v = 0, 1, 2, �, L−1

            = Pv
0 − γPv+1

0

where the discount factor γ is defined as

(32) γ ≡ (1 + i0)/(1 + r0) = 1/(1 + r0*)

and the asset specific real interest rate r0* was defined earlier by (30).  Now the second equation in
(31) can be used to express the vintage v asset price Pv

0 in terms of the common user cost u0 and the
vintage v+1 asset price, Pv+1

0, so that

(33) Pv
0 = u0 + γPv+1

0 .

Now start out using equation (33) with v = 0, then substitute out P1
0 using (33) with v = 1, then

substitute out P2
0 using (33) with v = 2, etc. until finally the process ends after L such substitutions

when PL
0 is reached and of course, PL

0 equals zero.  The following equation is obtained:

(34) P0 = u0 + γu0 + γ2u0 + � + γL−1u0

            = u0 [1 + γ + γ2 + � + γL−1]
            = {u0/(1 − γ)} − {u0 γL/(1 − γ)}                                               provided that γ < 1
            = u0 (1 − γL)/(1 − γ) .

Now use the last equation in (34) in order to solve for the constant over vintages (beginning of the
period) user cost for this model, u0, in terms of the period 0 price for a new unit of the durable, P0,
and the discount factor γ defined by (32):

(35) u0 = (1 − γ)P0/(1 − γL) .

The end of period 0 user cost, p0, is as usual, equal to the beginning of the period 0 user cost, u0,
times the nominal interest rate factor, 1+r0:

(36) p0 ≡ (1 + r0)u0 .

The aggregate services of all vintages of the good, including those purchased in period 0, will have
the following value, S0:

(37) S0 = p0
0q0 + p1

0q−1 + p2
0q−2 + � + p2

0q−(L−1)]
            = p0 [q0 + q−1 + q−2 + � + q−(L−1)]
            = p0Q0

where the period 0 aggregate (quality adjusted) quantity of durable services consumed in period 0,
Q0, is defined as follows for this one hoss shay depreciation model:

(38) Q0 ≡ q0 + q−1 + q−2 + � + q−(L−1) .

Thus in this model of depreciation, the vintage quantity aggregate is the simple sum of household
purchases over the last L periods.  As was the case with the geometric depreciation model, the one
hoss shay model does not require index number aggregation over vintages: there is a constant
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service price p0 and the associated period 0 quantity Q0 is a weighted sum of past purchases for the
geometric model and a simple sum over the purchases of the last L periods for the light bulb
model.64

6.5  The Empirical Estimation of Depreciation Rates

How can the different models of depreciation be distinguished empirically?  For durable goods that
do not change in quality over time, there are three possible methods for determining the sequence of
vintage depreciation rates:65

•  By making a rough estimate of the average length of life L for the durable good and then by
assuming a depreciation model that seems most appropriate.66

•  By using cross sectional information on used durable prices at a single point in time and
then using equations (15)-(17) above to determine the corresponding sequence of vintage
depreciation rates.

•  By using cross sectional information on the rental or leasing prices of the durable as a
function of the age of the durable and then equations (21) or (22), along with information on
the appropriate nominal interest rate and expected durables inflation rate, can be used to
determine the corresponding sequence of vintage depreciation rates.

In practice, the third method listed above has not been used (except for rental housing) because the
rental markets do not exist or due to difficulties in obtaining the required information on rents by
the age of the asset.

Typically, the second method for determining depreciation rates is also not used as described above
due to missing information; i.e., not all vintages of the durable are sold on the marketplace at any
one point in time.  Under these circumstances, an econometric model is constructed that makes use
of the limited information on used durable prices but allows the econometrician to estimate the
vintage depreciation rates.67

7.  Unique Durable Goods and the User Cost Approach

In the previous sections, it was assumed that a newly produced unit of the durable good remained
the same from period to period.  This means that the various vintages of the durable good repeat
themselves going from period to period and hence a particular vintage of the good in the current
period can be compared with the same vintage in the next period.  In particular, consider the period
0 user cost of a new unit of a durable good p0

0 defined earlier by (8).  For convenience, the formula
is repeated here:

(39) p0
0 = [(1 + r0) − (1 − δ0)(1 + i0)]P0 = [r0 − i0 + δ0(1 + i0)]P0 .

Recall that P0 is the beginning of period 0 purchase price for the durable, r0 is the nominal
opportunity cost of capital that the household faces in period 0, i0 is the anticipated period 0
inflation rate for the durable good and δ0 is the one period depreciation rate for a new unit of the
durable good. In previous sections, it was assumed that the period 0 user cost p0

0 for a new unit of

                                                
64 Thus (38) is the quantity aggregate counterpart to (27).
65 These three classes of methods were noted in Malpezzi, Ozanne and Thibodeau (1987; 373-375) in the housing
context.
66 A length of life L is usually converted into an equivalent geometric depreciation rate δ by setting δ equal to a number
between 1/L and 2/L.
67 See Hall (1971), Beidelman (1973) (1976) and Hulten and Wykoff (1981a) (1981b).  See also the discussion of
alternative methods for estimating housing depreciation in Malpezzi, Ozanne and Thibodeau (1987; 373).
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the durable could be compared with the corresponding period 1 user cost p0
1 for a new unit of the

durable purchased in period 1.  This period 1 user cost can be defined as follows:

(40) p0
1 = [(1 + r1) − (1 − δ0)(1 + i1)]P0 = [r1 − i1 + δ0(1 + i1)]P0 .

However, many durable goods are produced as one of a kind models.  For example, a new house
may have many features that are specific to that particular house.  An exact duplicate of it is
unlikely to be built in the following period.  Thus if the user cost for the house is constructed for
period 0 using formula (39) where the new house price P0 plays a key role, then since there will not
necessarily be a comparable new house price for the same type of unit in period 1, it will not be
possible to construct the period 1 user cost for a house of the same type, p0

1 defined by (40), since
the comparable new house price P1 will not be available.

Recall the notation that was introduced in section 6.1 above where Pv
t was the second hand market

price at the beginning of period t of a unit of a durable good that is v periods old.  Define  δv to be
the depreciation rate for a unit of the durable good that is v periods old at the beginning of the
period under consideration.  Using this notation, the user cost of the house (which is now one period
old) for period 1, p1

1 can be defined as follows:

(41) p1
1 ≡ (1 + r1)P1

1 − (1 − δ1)(1 + i1)P1
1

where P1
1 is the beginning of period 1 price for the house that is now one period old, r1 is the

nominal opportunity cost of capital that the household faces in period 1, i1 is the anticipated period
1 inflation rate for the durable good and δ1 is the one period depreciation rate for a house that is one
period old.  For a unique durable good, there is no beginning of period 1 price for a new unit of the
durable, P1, but it is natural to impute this price as the potentially observable market price for the
used durable, P1

1, divided by one minus the period 0 depreciation rate, δ0; i.e., define an imputed
period 1 price for a new unit of the unique durable as follows:

(42) P1 ≡ P1
1/(1 − δ0) .

If (42) is solved for P1
1 and the solution is substituted into the user cost defined by (41), then the

following expression is obtained for p1
1, the period 1 user cost of a one period old unique consumer

durable:

(43) p1
1 ≡ (1 − δ0)[(1 + r1) − (1 − δ1)(1 + i1)]P1

If it is further assumed that the unique consumer durable follows the geometric model of
depreciation, then

(44) δ ≡ δ0 = δ1 .

Substituting (44) into (43) and (40) leads to the following relationship between the imputed rental
cost in period 1 of a new unit of the consumer durable, p0

1, and the period 1 user cost of the one
period old consumer durable, p1

1:

(45) p1
0 = p1

1/(1 − δ) .

Thus in order to obtain an imputed rental price for the unique consumer durable for period 1, p0
1,

that is comparable to the period 0 rental price for a new unit of the consumer durable, p0
0, it is

necessary to make a quality adjustment to the period 1 rental price for the one period old durable,
p1

1, by dividing this latter price by one minus the one period geometric depreciation rate, δ.  This
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observation has implications for the quality adjustment of observed market rents of houses.
Without this type of quality adjustment, observed dwelling unit rents will have a downward bias,
since the observed rents do not adjust for the gradual lowering of the quality of the unit due to
depreciation of the unit.68

Note also that in order to obtain an imputed purchase price for the unique consumer durable for
period 1, P1, that is comparable to the period 0 purchase price for a new unit of the consumer
durable, P0, it is necessary to make a quality adjustment to the period 1 used asset price for the one
period old durable, P1

1, by dividing this latter price by one minus the period 0 depreciation rate, δ0;
recall equation (23.42) above.69

This section is concluded with some observations on the difficulties for economic measurement that
occur when it is attempted to determine depreciation rates empirically for unique assets.  Consider
again equation (42), which allows one to express the potentially observable market price of the
unique asset at the beginning of period 1, P1

1, as being equal to (1−δ0)P1, where P1 is a hypothetical
period 1 price for a new unit of the unique asset.  If it is assumed that this hypothetical period 1 new
asset price is equal to the period 0 to 1 inflation rate factor (1+i0) times the observable period 0 asset
price P0, then the following relationship between the two observable asset prices is obtained:

(46) P1
1 = (1 − δ0)(1 + i0)P0 .

Thus the potentially observable period 1 used asset price P1
1 is equal to the period 0 new asset price

P0 times the product of two factors: (1−δ0), a quality adjustment factor that takes into account the
effects of aging on the unique asset, and (1+i0), a period to period pure price change factor holding
quality constant.  The problem with unique assets is that cross sectional information on used asset
prices at any point in time is no longer available to enable one to sort out the separate effects of
these two factors.  Thus there is a fundamental identification problem with unique assets; without
extra information or assumptions, it will be impossible to distinguish the separate effects of asset
deterioration and asset inflation.70  In practice, this identification problem is solved by making
somewhat arbitrary assumptions about the form of depreciation that the asset is expected to
experience.71

                                                
68 There is an exception to this general observation: if housing depreciation is of the one hoss shay type, then there is no
need to quality adjust observed rents for the same unit over time.  However, one hoss shay depreciation is empirically
unlikely in the housing market since renters are generally willing to pay a rent premium for a new unit over an older
unit of the same type.  For empirical evidence of this age premium, see Malpezzi, Ozanne and Thibodeau (1987; 378)
and Hoffman and Kurz (2002; 19).
69 This type of quality adjustment to the asset prices for unique consumer durables will always be necessary; i.e., there
is no exception to this rule as was the case for one hoss shay depreciation in the context of quality adjusting rental
prices.
70 Special cases of this fundamental identification problem have been noted in the context of various econometric
housing models:  �For some purposes one might want to adjust the price index for depreciation.  Unfortunately, a
depreciation adjustment cannot be readily estimated along with the price index using our regression method. � In
applying our method, therefore, additional information would be needed in order to adjust the price index for
depreciation.�  Martin J. Bailey, Richard F. Muth and Hugh O. Nourse (1963; 936).  �The price index and depreciation
are perfectly collinear, so if one cares about the price index, it is necessary to use external information on the geometric
depreciation rate of houses.�  Raymond B. Palmquist (2003; 43).
71 For example, if the unique asset is a painting by a master, then the depreciation rate can be assumed to be very close
to zero.  As another example, a reasonable guess at the likely length of life L of the unique asset could be made and then
the one hoss shay or straight line depreciation models could be implemented.  Alternatively, the length of life L could
be converted into an equivalent geometric depreciation rate δ using the conversion rule δ = n/L where n is a number
between 1 and 2.
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Housing is the primary example of a unique asset.  But in addition to the problems outlined in this
section, there are other major problems associated with this particular form of unique asset.  These
problems will be discussed in the following sections.

8.  The User Cost of Owner Occupied Housing

Owner occupied housing is typically an example of a unique consumer durable so that the material
on the quality adjustment of both stock and rental prices developed in the previous section applies
to this commodity.  However, owner occupied housing is also an example of a composite good; i.e.,
two distinct commodities are bundled together and sold (or rented) at a single price.  The two
distinct commodities are:

•  the structure and
•  the land that the structure sits on.

To model this situation, consider a particular newly constructed dwelling unit that is purchased at
the beginning of period 0.  Suppose that the purchase price is V0.  This value can be regarded as the
sum of a cost of producing the structure, PS

0QS
0, where QS

0 is the number of square meters of floor
space in the structure and PS

0 is the beginning of period 0 price of construction per square meter,
and the cost of the land, PL

0QL
0, where QL

0 is the number of square meters of the land that the
structure sits on and the associated yard and PL

0 is the beginning of period 0 price of the land per
square meter.72  Thus at the beginning of period 0, the value of the dwelling unit is V0 defined as
follows:

(47) V0 = PS
0QS

0 + PL
0QL

0 .

Suppose that the anticipated price of a unit of a new structure at the beginning of period 1 is PS
1a

and that the anticipated price of a unit of land at the beginning of period 1 is PL
1a.  Define the period

0 anticipated inflation rates for new structures and land, iS
0 and iL

0 respectively, as follows:

(48) 1 + iS
0 ≡ PS

1a/PS
0 ;

(49) 1 + iL
0 ≡ PL

1a/PL
0 .

Let δ0 be the period 0 depreciation rate for the structure.  Then the anticipated beginning of period 1
value for the structure and the associated land is equal to

(50) V1a = PS
1a(1 − δ0)QS

0 + PL
1aQL

0 .

Note the presence of the depreciation term (1−δ0) on the right hand side of (50).  Should this term
be associated with the expected beginning of period 1 price for a new unit of structures PS

1a or with
the structures quantity term QS

0 ?  On the principle that like should be compared to like for prices, it
seems preferable to associate (1−δ0) with the quantity term QS

0.  This is consistent with the
treatment of unique assets that was suggested in the previous section; i.e., the initial quantity of
structures QS

0 should be quality adjusted downwards to the amount (1−δ0) QS
0 at the beginning of

period 1.

Now calculate the cost (including the imputed opportunity cost of capital r0) of buying the dwelling
unit at the beginning of period 0 and (hypothetically) selling it at the end of period 0.  The following
end of period 0 user cost or imputed rental cost R0 for the dwelling unit is obtained using (47)-(50):

                                                
72 If the dwelling unit is part of a multiple unit structure, then the land associated with it will be the appropriate share of
the total land space.
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(51) R0 ≡ V0(1 + r0) − V1a

             = [PS
0QS

0 + PL
0QL

0]( 1 + r0) − [PS
1a(1 − δ0)QS

0 + PL
1aQL

0]
             = [PS

0QS
0 + PL

0QL
0]( 1 + r0) − [PS

0 (1 + iS
0)(1 − δ0)QS

0 + PL
0 (1 + iL

0)QL
0]

             = pS
0QS

0 + pL
0QL

0

where separate period 0 user costs of structures and land, pS
0 and pL

0, are defined as follows:

(52) pS
0 = [(1 + r0) − (1 + iS

0)(1 − δ0)] PS
0 = [r0 − iS

0 + δ0(1 + iS
0)] PS

0 ;
(53) pL

0 = [(1 + r0) − (1 + iL
0)] PL

0             = [r0 − iL
0]PL

0 .

Note that the above algebra indicates some of the major determinants of market rents for rental
properties.  The user cost formulae defined by (52) and (53) can be further simplified if the same
approximations that were made in section 4 above are made here (recall equation (9) above); i.e.,
assume that the terms r0 − iS

0 and r0 − iL
0 can be approximated by a real interest rate r0* and neglect

the small term δ0 times iS
0 in (52).  Then the user costs defined by (52) and (53) simplify to:

(54) pS
0 = [(r0* + δ0)] PS

0 ;
(55) pL

0 = r0* PL
0 .

Thus the imputed rent for an owner occupied dwelling unit is made up of three main costs:

•  The real opportunity cost of the financial capital tied up in the structure;
•  The real opportunity cost of the financial capital tied up in the land;
•  The depreciation cost of the structure.

The above simplified approach to the user cost of housing can be even further simplified by
assuming that the ratio of the quantity of land to structures is fixed and so the aggregate user cost of
housing is equal to [r0* + δ]PH

0, where PH is a quality adjusted housing price index that is based on
all properties sold in the country to households during the period under consideration and δ is a
geometric depreciation rate that applies to the composite of household structures and land.  This
super simplified approach is used by Iceland; see Gudnason (2003; 28-29).73  A variant of this
approach is used by the Bureau of Economic Analysis:  Lebow and Rudd (2003; 168) note that the
US national accounts imputation for the services of owner occupied housing is obtained by applying
rent to value ratios for tenant occupied housing to the stock of owner occupied housing.  The rent to
value ratio can be regarded as an estimate of the applicable real interest rate plus the depreciation
rate.74

Returning to the period 0 imputed rental cost model for a new structure defined by (47)-(53), now
calculate the cost (including the imputed opportunity cost of capital r1) of buying the used dwelling
unit at the beginning of period 1 and (hypothetically) selling it at the end of period 1.  Thus at the
beginning of period 1, the value of the depreciated dwelling unit is V1 defined as follows:
                                                
73 The real interest rate that is used is approximately 4% per year and the combined depreciation
rate for land and structures is assumed to equal 1.25% per year.  The depreciation rate for structures
alone is estimated to be 1.5% per year.   Property taxes are accounted for separately in the Icelandic
CPI.    Housing price information is provided by the State Evaluation Board based on property sales
data of both new and old housing. The SEB also estimates the value of the housing stock and land
in Iceland, using a hedonic regression model based on property sales data. The value of each
household�s dwelling is collected in the Household Budget Survey.
74 However, as will be seen in sections 10 and 11 below, this method of imputing the value of Owner Occupied Housing
services is likely to give a weight to OOH that is too large.
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(56) V1 = PS
1(1 − δ0)QS

0 + PL
1QL

0

where PS
1 is the beginning of period 1 construction price for building a new dwelling unit of the

same type and PL
1 is the beginning of period 1 price of land for the dwelling unit.  Note that (56) is

an end of period 0 ex post or actual value of the dwelling unit whereas the similar expression (50)
defined a beginning of period 0 ex ante or anticipated value of the dwelling unit.

Suppose that the anticipated price of a unit of a new structure at the beginning of period 2 is PS
2a

and that the anticipated price of a unit of land at the beginning of period 2 is PL
2a.  Define the period

1 anticipated inflation rates for new structures and land, iS
1 and iL

1 respectively, as follows:

(57) 1 + iS
1 ≡ PS

2a/PS
1 ;

(58) 1 + iL
1 ≡ PL

2a/PL
1 .

Let δ1 be the period 1 depreciation rate for the structure.  Then the anticipated beginning of period 2
value for the structure and the associated land is equal to

(59) V2a = PS
2a(1 − δ0)(1 − δ1)QS

0 + PL
2aQL

0 .

The following end of period 1 user cost or imputed rental cost R1
1 for a one period old dwelling

unit is obtained using (56)-(59):

(60) R1
1 ≡ V1(1 + r1) − V2a

      = [PS
1(1 − δ0)QS

0 + PL
1QL

0]( 1 + r1) − [PS
2a(1 − δ0)( 1 − δ1)QS

0 + PL
2aQL

0]
      = [PS

1(1 − δ0)QS
0 + PL

1QL
0]( 1 + r1) − [PS

1(1+iS
1)(1 − δ0)( 1 − δ1)QS

0 + PL
1(1+iL

1)QL
0]

      = pS1
1(1− δ0)QS

0 + pL
1QL

0

where the period 1 user costs of one period old structures and land, pS1
1 and pL

1, are defined as
follows:

(61) pS1
1 = [(1 + r1) − (1 + iS

1)(1 − δ1)] PS
1 = [r1 − iS

1 + δ1(1 + iS
1)] PS

1 ;
(62) pL

1 = [(1 + r1) − (1 + iL
1)] PL

1              = [r1 − iL
1]PL

1 .

Comparing the period 0 user cost of land pL
0 defined by (53) with the period 1 user cost of land pL

1

defined by (62), it can be seen that these user costs have exactly the same form and hence are
comparable.  However, comparing the period 0 user cost for a new structure pS

0 defined by (52)
with the period 1 user cost for a one period old structure pS1

1 defined by (61), it can be seen that
these user costs are not quite comparable unless the period 0 depreciation rate δ0 is equal to the
period 1 depreciation rate δ1.  If declining balance depreciation for structures is assumed, then δ0 =
δ1 = δ, where δ is the common depreciation rate across all periods.  Under this assumption, pS1

1 is
comparable to the period 0 user cost for a new unit of structures pS

0.  However, even under the
assumption of geometric depreciation, it can be seen that the period 1 imputed rent for a one period
old dwelling unit R1

1 defined by (60) is not comparable to the corresponding period 0 imputed rent
for a new dwelling unit R0 defined by (51).  The imputed rent R1 that would be comparable to R0

can be defined as follows:

(63) R1 ≡ pS
1QS

0 + pS
1QS

0 = R1
1 + pS

1 δ QS
0

where the period 1 user cost of structures pS
1 is defined by the right hand side of (61) with δ1 equal

to the common depreciation rate δ and the period 1 user cost of land pL
1 is defined by (62).
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Equation (63) has the following implication for the quality adjustment of the price of a rental
property: if R0 is the observed rent of the unit in period 0 and R1

1 is the observed rent for the same
dwelling unit in period 1, then the observed rent R1

1 is too low compared to R0 and so the period 1
observed rent should be quality adjusted upwards by the period 1 rental price for structures pS

1

times the amount of physical depreciation δQS
0 in the structure that occurred in the previous period.

This is the same point that was made in section 7 but in this section, the complications due to fact
that housing services are a mixture of structure and land services are taken into account.

It is evident that the main drivers for the user costs of structures and land are a price index for new
dwelling construction, PS

t, and a price index for residential land, PL
t.  Most statistical agencies have

a constant quality price index for new residential structures, since this index is required in the
national accounts in order to deflate investment expenditures on residential structures.  This index
could be used as an approximation to PS

t.75  The national accounts also require an imputation for the
services of owner occupied housing and thus the constant quality price component of this
imputation may be suitable for Consumer Price Index purposes.76  If the national accounts division
also computes quarterly real balance sheets for the economy, then a price index for residential land
may be available to the prices division.  However, even if this is the case, there will be problems in
producing this price index for land on a timely basis and at a monthly frequency.77  Another
possible source of information on land prices may be found in land title registry offices and in the
records of real estate firms.

In the following section, the problems involved in obtaining a constant quality price index for either
rents or the purchase price of a housing unit are examined in a bit more detail.

9. The Empirical Estimation of Housing Price Indexes

There are two broad approaches to constructing constant quality price indexes for the purchase price
of a housing unit:

•  The repeat sales approach;
•  The hedonic regression approach.

Both of these approaches will be discussed below.  The hedonic regression approach can also be
applied to the problem of constructing constant quality indexes of rent.

We discuss first the repeat sales approach, due to Bailey, Muth and Nourse (1963), who saw their
procedure as a generalization of the chained matched model methodology that was used by the early
pioneers in the construction of real estate price indexes like Wyngarden (1927) and Wenzlick
(1952).  We first describe this matched model methodology for the case of three periods, which will
suffice to illustrate the general case.

                                                
75 This index may only be an approximation since it covers the construction of rental properties as well as owner
occupied dwellings.
76 However, the national accounts imputation for the services of Owner Occupied Housing will only be produced on a
quarterly basis and so some additional work will be required to produce a price deflator on a monthly basis.  Also even
though the SNA93 recommends that the imputation for the services of OOH be based on the rental equivalent method,
it may be the case that the imputation covers only the imputed depreciation on the structures part of OOH.  As was
pointed out above, there are two other important additional components that should also be included in OOH services;
namely, the imputed real interest on the structures and the land on which the structures sit.  These latter two components
of imputed expenditures are likely to be considerably larger than the depreciation component.
77 Another source of information on the value of residential land may be available from the local property tax
authorities, particularly if properties are assessed at market values.
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Suppose that there is a certain set of housing units S(0,1) that are in scope for the index and are sold
in both periods 0 and 1.  Denote the sales price for property n sold in period t by Vn

t for n∈ S(0,1)
and t = 0,1.  Let P0,1 be the property price index going from period 0 to 1.  Then a reasonable
stochastic model that relates the ratio of the sales prices of the properties, Vn

1/Vn
0, to the price index

P0,1 is:

(64) Vn
1/Vn

0 = P0,1 exp un
0,1 ;                                                         n∈ S(0,1)

where un
0,1 is an independently distributed error term with mean 0 and constant variance.  Taking

logarithms of both sides of (64) leads to the following linear regression model:

(65) ln [Vn
1/Vn

0] = π0,1 + un
0,1 ;                                                       n∈ S(0,1)

where the single parameter π0,1 is defined as the logarithm of the price index P0,1; i.e.,

(66) π0,1 ≡ ln P0,1.

The least squares estimator for π0,1 is the arithmetic average of the logarithms of the sales price
ratios.  Exponentiating this estimator leads to the following estimator for the property price index
going from period 0 to 1:78

(67) P0,1* ≡ ∏n∈ S(0,1) [Vn
1/Vn

0]1/N(0,1)

where N(0,1) is the number of houses in the sample that sold in both periods 0 and 1; i.e., it is the
number of houses in the set S(0,1).  Thus the estimated property price index is simply the equally
weighted geometric mean of sales price ratios Vn

1/Vn
0 for all the properties that sold in both periods

0 and 1.  This is a typical matched model estimator for an elementary price index.

The above model can be repeated for sales of houses in the target population that sold in both
periods 1 and 2.  The equations that correspond to (65)-(67) above are (68)-(70) below:

(68) ln [Vn
2/Vn

1] = π1,2 + un
1,2 ;                                                       n∈ S(1,2)

where S(1,2) is the set of houses that sold in both periods 1 and 2 and the parameter π1,2 is defined
as the logarithm of the property price index going from period 1 to 2, P1,2; i.e.,

(69) π1,2 ≡ ln P1,2.

The least squares estimator for π1,2 is the arithmetic average of the logarithms of the sales price
ratios.  Exponentiating this estimator leads to the following estimator for the property price index
going from period 1 to 2:

(70) P1,2* ≡ ∏n∈ S(1,2) [Vn
2/Vn

1]1/N(1,2)

where N(1,2) is the number of sales of houses in the sample that sold in both periods 1 and 2.

Using the above regression estimates, the levels of the property price index, Pt, for periods t = 0,1,2
can be defined as follows:

                                                
78 There will be a (typically small) bias associated with exponentiating an unbiased estimator; i.e., P0,1* will be biased.
See Goldberger (1968).
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(71) P0 ≡ 1 ; P1 = P0,1* ;  P2 = P0,1* P1,2* .

Thus the price index level Pt is set equal to 1 in the base period 0; in period 1, it is equal to the
estimated matched model price index going from period 0 to 1, and in period 2, it is equal to the
product of the period 1 level times the estimated matched model price index going from period 1 to
2.

The above material explains the chained matched model method that was used prior to the work of
Bailey, Muth and Nourse.  The innovation made by Bailey, Muth and Nourse (1963) was to
reparameterize the regression model defined by (65) and (68) and to add an additional set of
estimating equations for repeat sales that took place in periods 0 and 2.  Thus the Bailey, Muth and
Nourse estimating equations for the case where there are three periods of data on repeat sales are
the following ones:

(72) ln [Vn
1/Vn

0] = π1 − π0  + un
0,1 ;                                                       n∈ S(0,1);

(73) ln [Vn
2/Vn

1] = π2 − π1  + un
1,2 ;                                                       n∈ S(1,2);

(74) ln [Vn
2/Vn

0] = π2 − π0  + un
0,2 ;                                                       n∈ S(0,2)

where S(0,2) is the set of housing units in the target population that sold in periods 0 and 2 and the
πt are the logarithms of the housing price levels Pt in each period; i.e.,

(75) π0 ≡ ln P0 ; π1 ≡ ln P1 ; π2 ≡ ln P2 .

It turns out that not all of the parameters π0, π1 and π2 in (72)-(74) can be identified79 and hence, it
is necessary to impose a normalization on the πt.  The natural normalization is

(76) π0 = 0  or  P0 = 1 .

Substituting the normalization (76) into (72)-(74) leads to a simple linear regression model that can
be used to obtain least squares estimates for the parameters π1 and π2, which we denote by π1* and
π2*.  Exponentiating these estimates leads to estimates for the period 1 and 2 price levels, P1* and
P2* respectively.  Hence the Bailey Muth and Nourse estimates for the housing price levels in the
three periods are defined as follows:

(77) P0 ≡ 1 ; P1* ≡ exp π1* ; P2* ≡ exp π2* .

It is clear that the Bailey, Muth and Nourse repeat sales model is a big improvement over the
original chained repeat sales model since it utilizes the available information on house sales in a
statistically more efficient manner.80

The above three period model generalizes readily to the general case of T periods considered by
Bailey, Muth and Nourse (1963) but the details will be left to the reader to work out.

We now begin our discussion of the hedonic regression approach to constructing constant quality
price indexes for housing.  Hedonic regression models work with price levels rather than price
ratios as dependent variables.  Before we discuss a general hedonic regression model for housing, it
will be useful to put the above repeat sales model into a levels framework so that the differences
between the repeat sales model and a general hedonic model can be assessed.

                                                
79 Adding a constant to each πt leaves the regression unchanged.
80 The Bailey, Muth and Nourse regression model has not increased the number of parameters to be estimated (two) but
it has added an extra N(0,2) degrees of freedom to the regression model.
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Consider the three period case again but now suppose that there is a sample of N houses that sold in
each of the three periods.  Then a reasonable stochastic model for the prices of the houses Vn

t in
each period t might be the following one:

(78) Vn
t = αn Pt exp un

t ;                                                    n = 1,2,�,N ; t = 0,1,2

where Pt is the housing price index level for period t, αn is a parameter that reflects the quality of
housing unit n relative to �average� quality and un

t is an independently distributed error term with
mean zero and constant variance.  Taking logarithms of both sides of (78) leads to the following
system of estimating equations:

(79) ln Vn
t = βn + πt + un

t ;                                                    n = 1,2,�,N ; t = 0,1,2

where the βn and πt are defined as follows:

(80) βn ≡ ln αn ;                                                                                  n = 1,2,�,N;
(81) πt ≡ ln Pt  ;                                                                                   t = 0,1,2.

Equations (79) define a linear regression model in the unknown parameters βn and πt.  However, as
in the previous model, these parameters are not all identified81 and so a normalization must be
imposed.  A natural normalization is (76); i.e., we set π0 equal to 0.

It turns out that the linear regression model defined by (79) and (76) is precisely the same as the
country product dummy model (with complete data) for three countries that was invented by Robert
Summers (1973) in the context of making price comparisons between countries.  It is also a special
case of the product dummy hedonic regression model proposed by Aizcorbe, Corrado and Doms
(2001).

It is possible to obtain an explicit formula for the least squares estimators for π1 and π2 in the linear
regression model defined by (76) and (79).  The vector of dependent variables in the regression
model can be written as the sum of the vectors of exogenous variables times their corresponding
least squares estimates plus the vector of least squares residuals.  It is well known that the inner
product of each exogenous vector with the vector of least squares residuals is zero.82  This means
that the least squares estimators for the unknown parameters in the regression model satisfy the
following N+2 equations:

(82) ∑n=1
N ln Vn

1                  = ∑n=1
N βn* + N π1* ;

(83) ∑n=1
N ln Vn

2                  = ∑n=1
N βn* + N π2* ;

(84) ln Vn
0 + ln Vn

1 + ln Vn
2 = 3βn* + π1* + π2* ;                                     n = 1,2,�,N.

Use equations (84) to eliminate the βn* from equations (82) and (83) and the resulting two linear
equations involving the unknowns π1* and π2* can readily be solved.  The solutions are:

(85) π1* = (1/N) ∑n=1
N ln [Vn

1/Vn
0] ; π2* = (1/N) ∑n=1

N ln [Vn
2/Vn

0].

                                                
81 A constant can be added to each βn and subtracted from each πt without changing the regression model.
82 Write the regression model as y = Xβ + u.  The vector of least squares estimates β* for β is defined as β* ≡
(XTX)−1XTy.  Hence β* satisfies the system of equations XT(Xβ*) = XTy or XT[y − Xβ*] = 0K where X has K linearly
independent columns.  Thus taking the inner product of the kth column of X with y − Xβ* gives us 0 for each column k.
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Using the inverses of equations (81), the πt* defined by equations (85) translate into the following
estimates for the period 1 and 2 price levels, P1* and P2* respectively:

(86) P1* = ∏n=1
N [Vn

1/Vn
0]1/N ; P2* = ∏n=1

N [Vn
2/Vn

0]1/N .

Thus this complete information country product dummy model leads to the geometric mean of the
period 1 values relative to the corresponding period 0 values, ∏n=1

N [Vn
1/Vn

0]1/N, as the estimate for
the period 1 housing price level P1*, and to the geometric mean of the period 2 values relative to the
corresponding period 0 values, ∏n=1

N [Vn
2/Vn

0]1/N, as the estimate for the period 2 housing price
level P2*.  Note that this result is very similar to that of the chained matched model originally
proposed by Wyngarden (1927) and Wenzlick (1952), except that instead of using the chain
principle, the country product dummy method ends up using the fixed base principle.

We now consider a more realistic model where not every house in the sample trades in each period.
In order to minimize notational complexities, we will consider only the case of two periods.  Using
our earlier notation, let S(0,1) be the set of housing units that sold in both periods 0 and 1.  Taking
into account the normalization (76), the estimating equations corresponding to these houses are:

(87) ln Vn
0 = βn + un

0 ;                                                                     n∈ S(0,1) ;
(88) ln Vn

1 = βn + π1 + un
1 ;                                                             n∈ S(0,1).

Let S(0∼ 1) denote the set of housing units in the target population that sold in period 0 but not in
period 1.  The estimating equations for these observations are:

(89) ln Vm
0 = γm + um

0 ;                                                                    m∈ S(0∼ 1)

where γm is the logarithm of the quality adjustment factor for the mth housing unit that sold in
period 0 but not in period 1.  Similarly, let S(1∼ 0) denote the set of housing units in the target
population that sold in period 1 but not in period 0.  The estimating equations for these observations
are:

(90) ln Vk
1 = δk + uk

0 ;                                                                      k∈ S(1∼ 0)

where δk is the logarithm of the quality adjustment factor for the kth housing unit that sold in period
1 but not in period 0.  The linear regression model defined by equations (87)-(90) is the same as the
two country version of Summer�s (1973) country product dummy model (with incomplete
information); it is also identical to the two period case of the Aizcorbe, Corrado and Doms (2001)
dummy product hedonic regression model.

Let π1*, βn*, γm* and δk* denote the least squares estimates of the parameters π1, βn, γm and δk that
appear in (87)-(90).  The stacked vector of dependent variables in equations (87)-(90) can be written
as the sum of the vectors of exogenous variables times their corresponding least squares estimates
plus the vector of least squares residuals.  As noted above, the inner product of each exogenous
vector with the vector of least squares residuals is zero.  This means that the least squares estimators
for the unknown parameters in the regression model satisfy the following equations:83

(91) ∑n∈ S(0,1) ln Vn
1 + ∑k∈ S(1∼ 0) ln Vk

1

                                = ∑n∈ S(0,1) βn* + N(0,1) π1* + ∑k∈ S(1∼ 0) δk* + N(1∼ 0) π1* ;
(92) ln Vn

0 + ln Vn
1 = 2βn* + π1* ;                                                                    n∈ S(0,1) ;

                                                
83 This technique of proof was used by Diewert (2003a) in the context of a hedonic regression model.
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(93) ln Vm
0              = γm* ;                                                                                m∈ S(0∼ 1) ;

(94) ln Vk
1               = δk* ;                                                                                k∈ S(1∼ 0)

where N(0,1) is the number of housing units that traded in both periods and N(1∼ 0) is the number of
housing units that sold in period 1but not period 0.

Use equations (94) to eliminate the δk* in equation (91) and use equations (92) to eliminate the βn*
from equation (91).  The resulting equation shows that π1* is equal to:

(95) π1* = [1/N(0,1)] ∑n∈ S(0,1) ln [Vn
1/Vn

0]

which is the arithmetic average of the logarithms of the sales price ratios for the matched models in
the two periods.  Exponentiating (95) shows that this simple hedonic regression model, where each
housing unit has only a single dummy variable characteristic, leads to a period 0 to 1 price index
that is equal to the equally weighted geometric mean of the selling prices in period 1 divided by the
geometric mean of the corresponding selling prices of the matched models in period 0.  Thus in the
two period case, the dummy variable hedonic regression model and the country product dummy
model give exactly the same result as the matched model method that is used by statistical agencies.

We now consider more general hedonic regression models84.  A more general hedonic regression
model is the following one:

(96) ln Vn
t = πt + ∑k=1

K znk
t βk + un

t ;                                         t = 0,1,2,�,T ; n∈ S(t)

where S(t) is the set of housing units in the target population that sold (or were rented) in period t.
As usual, un

t is an independently distributed error term with mean 0 and constant variance, Vn
t is the

observed selling price (or rent) of housing unit n in period t and znk
t is the amount of characteristic k

that this housing unit possesses.  The parameter πt is equal to the logarithm of the constant quality
price index for period t, Pt, so that πt = ln Pt for t = 0,1,�,T.  The unknown parameter βk transforms
amounts of the kth characteristic zk into constant quality utility units for k = 1,�,K.85

What are the advantages and disadvantages of the general hedonic regression model defined by (96)
compared to the Bailey, Muth and Nourse repeat sales model or to the closely related product
dummy hedonic regression models of Summers and Aizcorbe, Corrado and Doms?

The main advantage of the general hedonic regression model is that it uses all of the information on
housing sales in each sample period in a nontrivial way whereas the repeat sales model does not use
any information at all on isolated sales that take place in only one of the sample periods.  We
showed that in the two period case, the product dummy regression model led to an estimator of
quality adjusted price change that did not use any information on unmatched sales.  This feature of
the product dummy hedonic regression model carries over to the case of many time periods; i.e., it
is intuitively obvious that when an observation has its very own dummy variable in a linear
regression model, then this observation will not be used to determine any of the other parameters in
the model.  Thus if the unmatched prices in the sample of housing prices behave differently than the
matched prices, it can be seen that a general hedonic regression model can generate quite different
                                                
84 The main features of a general hedonic regression model were laid out in Court (1939).  This publication was not
readily available to researchers and so the technique was not used widely until the work of Griliches (1971a) (1971b)
popularized the technique.  For a recent survey of the hedonic regression technique for making quality adjustments, see
Triplett (2002).
85 If the vector of characteristics contains a constant term, then there will be exact multicollinearity between this
constant term and the time dummy variables, the πt.  Under these conditions, it will be necessary to make a
normalization on the parameters such as π0 = 0.
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price indexes than models that rely only on matched prices.86  Put another way, a general hedonic
regression model uses all of the sample data in a nontrivial way and not just the data that can be
matched.

The main disadvantage of the general hedonic regression model compared to the repeat sales model
and the product dummy hedonic regression model is the difficulty in determining just which
characteristics should be included in the model.  A closely related issue is that it is difficult to
determine what the appropriate functional form for the hedonic regression is.87  In section 10.4
below, some of the functional form problems associated with hedonic regression models for
housing will be discussed in more detail.88  But in general, hedonic regression models suffer from a
lack of reproducibility; i.e., different statisticians and econometricians will collect data on different
characteristics of housing and assume different functional forms for the hedonic regression model
(96) and thus come up with different measures of quality adjusted price change.

We summarize the advantages and disadvantages of the repeat sales model as compared to a general
hedonic regression model as follows.

The main advantage of the repeat sales model is:

•  Reproducibility; i.e., different statisticians given the same data on the sales of housing units
will come up with the same estimate of quality adjusted price change.

The main disadvantages of the repeat sales model are:

•  It does not use all of the available information on housing unit sales; it uses only
information on housing units that have sold more than once during the sample period.

•  It cannot deal adequately with depreciation of the housing structure; i.e., depreciation is
exactly collinear with the time dummy variables πt and thus cannot be distinguished from
the effects of price change.  Conversely, a general hedonic regression model for housing
can adjust for the effects of depreciation if the age of the structure is known at the time of
sale (or rental).

•  It cannot deal adequately with housing units that have undergone major repairs or
renovations.89  Conversely, a general hedonic regression model for housing can adjust for
the effects of renovations and extensions if (real) expenditures on renovations and
extensions are known at the time of sale (or rental).90

                                                
86 For empirical evidence on this point, see the hedonic regression studies of Silver and Heravi (2001) (2002) (2003).
87 Functional form problems for hedonic regressions are discussed in Diewert (2003a) (2003c).
88 In particular, many hedonic regression studies use the logarithm of a transaction price as the dependent variable.  This
specification of the hedonic model is usually not consistent with the additive nature of the structure and land
components of a property and the multiplicative nature of the depreciation adjustment as appears in equations (47) and
(56) which defined the value of a specific property in successive periods.

89 Case and Shiller (1989) use a variant of the repeat sales method using US data on house sales in four major cities over
the years 1970-1986.  They attempt to deal with the depreciation and renovation problems as follows: �The tapes
contain actual sales prices and other information about the homes.  We extracted from the tapes for each city a file of
data on houses sold twice for which there was no apparent quality change and for which conventional mortgages
applied.�  Karl E. Case and Robert J. Shiller (1989; 125-126).
90 However, usually information on maintenance and renovation expenditures is not available in the context of
estimating a hedonic regression model for housing. Malpezzi, Ozanne and Thibodeau (1987;375-6) comment on this
problem as follows: �If all units are identically constructed, inflation is absent, and the rate of maintenance and repair
expenditures is the same for all units, then precise measurement of the rate of depreciation is possible by observing the
value or rent of two or more units of different ages. � To accurately estimate the effects of aging on values and rents, it
is necessary to control for inflation, quality differences in housing units, and location.  The hedonic technique controls
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Both the repeat sales and general hedonic regression approaches to the construction of constant
quality price indexes for housing suffer from another problem that has not been mentioned up to
now and that is that both of these methods do not allow the prices to be weighted according to their
economic importance.  Thus if the statistical agency adopts a superlative index91 as its target index,
then prices should be weighted by either quantities or by expenditure shares and from this
perspective, equally weighted geometric means of price relatives are not necessarily close to their
superlative counterparts.  The regression models discussed in this section have not made any
mention of weights so the resulting measures of quality adjusted price change could be different
from their weighted counterparts.92  Another problem that has not been discussed is the possibility
that house sales prices might exhibit seasonal fluctuations.93  The general hedonic regression model
cold accommodate seasonal prices by having seasonal dummy variables as explanatory variables.

Our conclusion at this point is that there is no completely satisfactory solution to the problems
involved in constructing constant quality price indexes for the stock of owner occupied housing.
The hedonic regression approach seems to be superior in principle to the repeat sales approach since
the latter approach cannot deal adequately with depreciation and renovations to the structure part of
a housing unit.  However, in practice, the hedonic regression approach has limitations due to its lack
of reproducibility and the lack of information on repairs and renovations.

There are many other difficulties associated with measuring the price and quantity of Owner
Occupied Housing services.  The following section discusses some of the problems involved in
modeling the costs of certain expenditures that are tied to the ownership of a home.

10.  The Treatment of Costs Tied to Owner Occupied Housing

There are many costs that are quite directly tied to home ownership.  However, it is not always clear
how these costs can be decomposed into price and quantity components.  Several of these cost
components are listed below and some suggestions for forming their associated prices are
suggested.

10.1  The Treatment of Mortgage Interest Costs

The derivation of the user cost or expected rental price that an owner of a home should charge for
the use of the dwelling unit for one period implicitly assumed that the owner had no mortgage
interest costs so that the interest rate r0 referred to the owner�s opportunity cost of equity capital.  In
this section, the case where the owner has a mortgage on the property is considered.

Recall the notation in the previous section where the user cost or imputed rental cost, R0, for an
equity financed dwelling unit was obtained; see (51).  Suppose now that the property purchase is
partly financed by a mortgage of M0 dollars at the beginning of period 0.  Let f0 be the fraction of
the beginning of period 0 market value of the property that is financed by the mortgage so that

(97) M0 = f0V0 = f0[PS
0QS

0 + PL
0QL

0].

                                                                                                                                                                 
for differences in dwelling quality and inflation rates but cannot control for most differences in maintenance (except to
the extent that they are correlated with location).�
91 Superlative indexes were initially introduced as approximations to economic cost of living indexes; see Diewert
(1976) (1978).  But it turns out that various superlative indexes emerge as useful target indexes from the perspectives of
the fixed basket, axiomatic and stochastic approaches as well; see Diewert (2002a; 565-581).
92 Diewert (2002b) (2003c) discusses how weights can be introduced into both the product dummy and general hedonic
regression models.
93 Case and Shiller (1989; 127) note that US house prices tend to have a seasonal peak in July.
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Let the one period nominal mortgage interest rate be rM
0.  The owner�s period 0 benefits of owning

the dwelling unit remain the same as in section 8 and are equal to V1a defined by (50).  However,
the period 0 costs are now made up of an explicit mortgage interest cost equal to M0(1+rM

0) plus an
imputed equity cost equal to (1−f0)V0(1+r0).  Thus the new imputed rent for using the property
during period 0 is now

(98) R0 ≡ (1 − f0)V0(1 + r0) + M0(1 + rM
0) − V1a

            = (1 − f0)[ PS
0QS

0 + PL
0QL

0](1 + r0) + f0[ PS
0QS

0 + PL
0QL

0](1 + rM
0)

                − [PS
1a(1 − δ0)QS

0 + PL
1aQL

0]
            = pS

0*QS
0 + pL

0*QL
0

where the new mortgage interest adjusted period 0 user costs of structures and land, pS
0* and pL

0*,
are defined as follows:

(99)   pS
0* ≡ [(1 + r0)(1 − f0) + (1 + rM

0)f0 − (1 + iS
0)(1 − δ0)]PS

0

                 = [(r0 − iS
0)( 1 − f0) + (rM

0 − iS
0)f0 + δ0(1 + iS

0)]PS
0 ;

(100) pL
0* ≡ [(1 + r0)(1 − f0) + (1 + rM

0)f0 − (1 + iL
0)]PS

0

                 = [(r0 − iL
0)( 1 − f0) + (rM

0 − iL
0)f0]PS

0 .

Comparing the new user costs for structures and land defined by (99) and (100) with the
corresponding equity financed user costs defined by (52) and (53) in the previous section, it can be
seen that the old equity opportunity cost of capital r0 is now replaced by a weighted average of this
equity opportunity cost and the mortgage interest rate, r0(1−f0) + rM

0f0, where f0 is the fraction of the
beginning of period 0 value of the dwelling unit that is financed by the mortgage.

Central bankers often object to the inclusion of mortgage interest in a Consumer Price Index.
However, examination of the last equation in (99) and in (100) shows that the nominal mortgage
interest rate rM

0 has an offsetting benefit due to anticipated price inflation in the price of structures,
iS

0 in (99), and in the price of land, iL
0 in (100), so as usual, what counts in these user cost formulae

are real interest costs rather than nominal ones.

10.2  The Treatment of Property Taxes

Recall the user costs of structures and land defined by (52) and (53) in section 8 above.  It is now
supposed that the owner of the housing unit must pay the property taxes TS

0 and TL
0 for the use of

the structure and land respectively during period 0.94  Define the period 0 structures tax rate τS
0 and

land tax rate τL
0 as follows:

(101) τS
0 ≡ TS

0/PS
0QS

0 ;
(102) τL

0 ≡ TL
0/PL

0QL
0 .

The new imputed rent for using the property during period 0, R0, including the property tax costs, is
defined as follows:

(103) R0 ≡ V0(1 + r0) + TS
0 + TL

0 − V1a

              = [PS
0QS

0 + PL
0QL

0]( 1 + r0) + τS
0PS

0QS
0 + τL

0PL
0QL

0

                  − [PS
0(1 + iS

0)(1 − δ0)QS
0 + PL

0(1 + iL
0)QL

0]
              = pS

0QS
0 + pL

0QL
0

                                                
94 If there is no breakdown of the property taxes into structures and land components, then just impute the overall tax
into structures and land components based on the beginning of the period values of both components.
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where separate period 0 tax adjusted user costs of structures and land, pS
0 and pL

0, are defined as
follows:

(104) pS
0 ≡ [(1 + r0) − (1 + iS

0)(1 − δ0) + τS
0]PS

0

               = [r0 − iS
0 + δ0(1 + iS

0) + τS
0]PS

0 ;

(105) pL
0 ≡ [(1 + r0) − (1 + iL

0) + τL
0]PL

0

               = [r0 − iL
0 + τS

0]PL
0 .

Thus the property tax rates, τS
0 and τL

0 defined by (101) and (102), enter the user costs of structures
and land, pS

0 and pL
0 defined by (104) and (105), in a simple additive manner; i.e., these terms are

additive to the previous depreciation and real interest rate terms.95

10.3  The Treatment of Property Insurance

At first glance, it would seem that property insurance could be treated in the same manner as the
treatment of property taxes in the previous subsection.  Thus let CS

0 be the cost of insuring the
structure at the beginning of period 0 and define the period 0 structures premium rate γS

0 as
follows:

(106) γS
0 ≡ CS

0/PS
0QS

0 .

The new imputed rent for using the property during period 0, R0, including property tax and
insurance costs, is defined as follows:

(107) R0 ≡ V0(1 + r0) + TS
0 + TL

0 + CS
0 − V1a

              = [PS
0QS

0 + PL
0QL

0]( 1 + r0) + τS
0PS

0QS
0 + τL

0PL
0QL

0 + γS
0 PS

0QS
0

                  − [PS
0(1 + iS

0)(1 − δ0)QS
0 + PL

0(1 + iL
0)QL

0]
              = pS

0QS
0 + pL

0QL
0

where separate period 0 tax and insurance adjusted user costs of structures and land, pS
0 and pL

0,
are defined as follows:

(108) pS
0 ≡ [(1 + r0) − (1 + iS

0)(1 − δ0) + τS
0 + γS

0]PS
0

               = [r0 − iS
0 + δ0(1 + iS

0) + τS
0 + γS

0]PS
0 ;

(109) pL
0 ≡ [(1 + r0) − (1 + iL

0) + τL
0]PL

0

               = [r0 − iL
0 + τS

0]PL
0 .

Thus the insurance premium rate γS
0 appears in the user cost of structures, pS

0 defined by (108), in
an additive manner, analogous to the additive property tax rate term.96  If it is desired to have a
separate CPI price component for insurance, then the corresponding period 0 and 1 prices can be
defined as γS

0PS
0 and γS

1PS
1 respectively while the corresponding period 0 and 1 expenditures can

                                                
95 If the price statistician uses the national accounts imputation for the value of owner occupied housing services, care
should be taken to ensure that the value of property taxes is included in this imputation.
96 This treatment of property insurance dates back to Walras (1954; 268-269).
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be defined as γS
0PS

0QS
0 and γS

1PS
1(1−δ)QS

0 respectively.97  Of course, if this separate treatment is
implemented, then these terms have to be dropped from the corresponding user costs of structures.

The above treatment of property taxation and insurance assumes that the property taxes and the
premium payments are made at the end of the period under consideration; see (107) above.  While
this may be an acceptable approximation for the payment of property taxes, it is not acceptable for
the payment of insurance premiums: the premium must be paid at the beginning of the period of
protection rather than at the end.  When this complication is taken into account, the user cost of
structures becomes

(110) pS
0 ≡ [(1 + r0) − (1 + iS

0)(1 − δ0) + τS
0 + γS

0(1 + r0)]PS
0

               = [r0 − iS
0 + δ0(1 + iS

0) + τS
0 + γS

0(1 + r0)]PS
0 .

There are some additional problems associated with the modeling of property insurance:

•  The above user cost derivations assume that the risk of property damage remains constant
from period to period.  If the risk of damage changes, then an argument can be made for
quality adjustment of the premium to hold constant the risk so that like can be compared
with like.

•  The gross premium approach to insurance is taken in the above treatment; i.e., it is assumed
that dwelling owners pay premiums for property protection services, no matter whether they
have a claim or not.  In the net premium approach, payments to settle claims are subtracted
from the gross premium payments.

•  The property protection may not be complete; i.e., the insurance policy may have various
limitations on the type of claim that is allowed and there may be a deductible or damage
threshold, below which no claim is allowed.  If the deductible changes from period to
period, then the price statistician is faced with a rather complex quality adjustment problem.

Thus it can be seen that there are many difficult problems that remain to be resolved in this area.

10.4  The Treatment of Maintenance and Renovation Expenditures

Another problem associated with home ownership is the treatment of maintenance expenditures,
major repair expenditures and expenditures associated with renovations or additions.

Empirical evidence suggests that the normal decline in a structure due to the effects of aging and
use can be offset by maintenance and renovation expenditures.  How exactly should these
expenditures be treated in the context of modeling the costs and benefits of home ownership?

A common approach in the national accounts literature is to treat major renovation and repair
expenditures as capital formation and smaller routine maintenance and repair expenditures as
current expenditures.  If this approach is followed in the CPI context, then these smaller routine
maintenance expenditures can be treated in the same manner as other nondurable goods and
services.  The major renovation and repair expenditures do not enter the CPI in the period that they
are made but these expenditures are capitalized and added to expenditures on new structures for the
period under consideration, so that period 0 investment in structures in constant dollars, IS

0 say98,
                                                
97 Similarly, if it is desired to have a separate CPI price component for property taxes on structures, then the
corresponding period 0 and 1 prices can be defined as τS

0PS
0 and τS

1PS
1 respectively while the corresponding period 0

and 1 expenditures can be defined as τS
0PS

0QS
0 and τS

1PS
1(1−δ)QS

0 respectively.
98 Let VIS

0 be the nominal value of investment in new owner occupied structures in period 0 plus the value of major
renovation expenditures made during period 0.  Then the constant dollar quantity of investment could be defined as IS

0

≡ VIS
0/PS

0 where PS
0 is the period 0 construction price index for new structures.
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would include both types of expenditures.  Let QS
0 and QS

1 be the stocks (in constant quality units)
of owner occupied structures in the reference population at the beginning of period 0 and 1
respectively.  Then if the geometric model of depreciation is used, so that the constant period to
period depreciation rate δ is applicable, then the beginning of period 1 stock of owner occupied
structures QS

1  is related to the beginning of period 0 stock of structures QS
0 and the period 0

investment in structures IS
0 according to the following equation:

(111) QS
1 = (1 − δ)QS

0 + IS
0 .

Thus if declining balance depreciation is assumed for structures, then the treatment of major repair
and renovation expenditures does not pose major conceptual problems using a conventional capital
accumulation model: it is only necessary to have an estimate for the monthly or quarterly
depreciation rate δ, a starting value for the stock of owner occupied structures for some period,
information on new purchases of residential housing structures by the household sector, information
on expenditures by owners on major repairs and renovations and a construction price index for new
residential structures.  With this information on a timely basis, up to date CPI weights for the stock
of owner occupied structures could be constructed.99

We now look at how major repair and renovation expenditures could be treated in a repeat sales
regression model that used transactions data on the sale of the same housing unit in two or more
periods.  In order to minimize notational complexities, consider a highly simplified situation where
data on the sale of N houses of a relatively homogeneous type for two consecutive periods are
available.  Suppose these sale prices are Vn

0 for period 0 and Vn
1 for period 1, for n = 1,2,�,N.

Suppose that a price index for structures of this type of property in period 0, PS
0, and a

corresponding price index for land in period 0, PL
0, have been constructed.100  The price

statistician�s problem is to use the data on the matched sales for the two periods in order to
construct estimates of these two indices for period 1; i.e., the problem is to construct PS

1 and PL
1.

The period 0 dwelling unit values for the N properties can be decomposed into the structure and
land components as follows:

(112) Vn
0 = VSn

0 + VLn
0 = αnPS

0QSn
0 + βnPL

0QLn
0 ;                                  n = 1,2,�,N

where VSn
0 and VLn

0 are the estimated period 0 values of the structure and land of property n in
period 0, PS

0 and PL
0 are the (known) price index values for structures and land for all properties of

this type in period 0 and QSn
0 and QLn

0 are (known) estimates of the quantity of structures and land
for property n.  The numbers αn and βn are property n quality adjustment factors that convert the
property standardized values of structures and land, PS

0QSn
0 and PL

0QSn
0 respectively, into the

period 0 actual market values, VSn
0 and VLn

0 respectively; i.e., if estimates of the period 0 market
values of the structures and land for property n are available, then αn and βn can be defined as
follows:

(113) αn ≡ VSn
0/PS

0QSn
0 ;  βn ≡ VLn

0/PL
0QLn

0 ;                                            n = 1,�,N.

Suppose that information on the dollar amount of major repairs and renovations made to property n
during period 0, VRn

0, is also available for each property n in the sample of properties.  Then the
period 1 value for property n, Vn

1, should be approximately equal to

                                                
99 However, the practical problems involved in obtaining all of this information on a timely basis are not trivial.
Variants of this approach were used by Christensen and Jorgenson (1969) and Leigh (1980) in order to construct
estimates of the stock of residential structures in the US.
100 If these period 0 indices are not available, then set PS

0 and PL
0 equal to 1.
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(114) Vn
1 = αnPS

1(1 − δ)QSn
0 +VRn

0 + βnPL
1QLn

0 ;                                  n = 1,2,�,N

where δ is the geometric depreciation rate for structures.  All of the variables on the right hand side
of (114) are assumed to be known with the exception of the period 1 price index values for
structures and land, PS

1 and PL
1 respectively, and the one period geometric depreciation rate, δ.  If

the number of observations N is greater than three, then it would appear that these three parameters,
PS

1, PL
1 and δ, could be estimated by a linear regression using the N equations in (114) as

estimating equations.  However, it turns out that this is not quite correct.  The problem is that the
parameters PS

1 and (1−δ) appear in (114) in a multiplicative fashion so that while the product of
these two terms will be nicely identified by the regression, the individual terms cannot be uniquely
identified.  This is just a reappearance of the same problem that was discussed earlier in section 7 on
unique consumer durables: the separate effects of aging of the asset (depreciation or capital
consumption) and price appreciation over time cannot be separately identified using just market
data on resales if the housing unit is regarded as a unique asset.101

There are three possible solutions to this identification problem:

•  Use an external estimate of the depreciation rate δ;
•  Use an external construction price index PS

1 instead of estimating it as a parameter in
equations (114);

•  Abandon the repeat sales approach and use a hedonic regression approach instead.

What would a hedonic regression model look like, taking into account the approximate additivity of
the value of the housing structure and the value of the land that the structure sits on?  If the
renovations problem is ignored and geometric depreciation of the structure is assumed, then the
value of a housing unit n in period t that is v periods old, Vn

t, should be approximately equal to the
depreciated value of the structure plus the value of the land plus an error term; i.e., the following
relationship should hold approximately:

(115) Vn
t = PS

t(1 − δ)v QSn + PL
t QL + un

t

where δ is the one period geometric depreciation rate, QSn is the number of square meters of floor
space of the original structure for housing unit n, QL is the number of square meters of land that the
housing structure sits on and un

t is an error term.  PS
t is the beginning of period t price level for

structures of this type and PL
t is the corresponding price of land for this class of housing units.  As

long as there is more than one vintage of structure in the sample (i.e., more than one v), then the
parameters PS

t, PL
t and δ can be identified by running a nonlinear regression model using equations

(115).  Why can the price levels be identified in the present hedonic regression model whereas they
could not be identified in the repeat sales model?  The answer is that the hedonic model (115) does
not assume property specific quality adjustment factors for each housing unit; instead, all of the
housing units in the sample are assumed to be of comparable quality once prices are adjusted for the
age of the unit and the quantity (in square meters) of original structure and the quantity of land.

                                                
101 Recall equation (46) above.  This fundamental identification problem was recognized by Bailey, Muth and Nourse
(1963; 936) in the original repeat sales housing article but it was ignored by them and subsequent users of the repeat
sales methodology.  Another problem with the housing hedonic regression literature is that usually, the logarithm of the
purchase price is taken as the dependent variable in the regression.  While this specification has some advantages, it
does not recognize properly the additive nature of the structure and land components of the housing property.  A final
problem with the traditional hedonic housing literature is that usually, separate price indices for land and structures are
not estimated.  It is important to allow for separate price indices for these two components since usually, the price of
land is more volatile and tends to increase faster than the price of structures over long periods of time.
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Unfortunately, many housing structures that may have started their lives as identical structures do
not remain the same over time, due to differing standards of maintenance as well as major
renovations and additions to some of the structures.  To model this phenomenon, let Rn

t be real
maintenance, repair and renovation expenditures on housing unit n during period t and suppose that
these real expenditures depreciate at the geometric rate δR.  It is reasonable to assume that these
expenditures add to the value of the housing unit and so equations (115) should be replaced by the
following equations:

(116) Vn
t = PS

t(1−δ)v QSn + PR
t[Rn

t + (1− δR)Rn
t−1 + (1− δR)2 Rn

t−2 +�+ (1− δR)v Rn
t−v]

                  + PL
t QL + un

t

where PR
t is the period t price level for real maintenance, repair and renovation expenditures on this

class of housing units.  If information on these real renovation and repair expenditures, Rn
t, Rn

t−1,
Rn

t−2,�,Rn
t−v, is available for each housing unit in the sample of housing units that sold in period t,

then the parameters PS
t, PL

t, PR
t, δ and δR can be identified by running a nonlinear regression model

using equations (116).102

However, a major practical problem with implementing a hedonic regression model along the above
lines is that usually accurate data on renovation and repair expenditures on a particular dwelling
unit between the construction of the initial housing unit and the present period are not available.
Without accurate data on repairs and renovations, it will be impossible to obtain accurate estimates
of the unknown parameters in the hedonic regression model.

A final practical problem with the above hedonic regression model will be mentioned.
Theoretically, �normal� maintenance expenditures could be included in the renovation expenditure
terms Rn

t in (116).  If this is done, then including normal maintenance expenditures in Rn
t will have

the effect of increasing the estimated depreciation rates δ and δR.  Thus different statistical agencies
that have different criteria for deciding where to draw the line between �normal� maintenance and
�major� repair and renovations will produce different estimated depreciation rates.

It can be seen that there are many unresolved issues in this area: statistical agency best practice has
not yet emerged.

10.5  The Treatment of the Transactions Costs of Home Purchase

Another cost of home ownership needs to be discussed.  Normally, when a family purchases a
dwelling unit, they have to pay certain fees and costs, which can include:

•  The commissions of real estate agents who help the family find the �right� property.
•  Various transactions taxes that governments can impose on the sale of the property.
•  Various legal fees that might be associated with the transfer of title for the property.

Should the above fees be immediately expensed in the period of purchase or should they simply be
regarded as part of the purchase price of the property and hence be depreciated over time in a
manner analogous to the treatment of structures in the national accounts?

An argument can be made for either treatment.  From the viewpoint of the opportunity cost
treatment of purchases of durable goods, the relevant price of the dwelling unit in the periods
following the purchase of the property is the after tax and transactions fees value of the property.

                                                
102 Alternatively, if price levels are available for PS

t and PR
t from construction price indexes, then these parameters do

not have to be estimated.
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This viewpoint suggests that the transactions costs of the purchaser should be immediately
expensed in the period of purchase.  However, from the viewpoint of a landlord who has just
purchased a dwelling unit for rental purposes, it would not be sensible to charge the tenant the full
cost of these transactions fees in the first month of rent.  The landlord would tend to capitalize these
costs and recover them gradually over the time period that the landlord expects to own the property.
Thus either treatment could be justified and the statistical agency will have to decide which
treatment is most convenient from their particular perspective.

11.  User Costs for Landlords versus Owners

In the previous section, the various costs associated with home ownership were discussed.  Both
home owners and landlords face these costs.  Thus they will be reflected in market rents and this
�fact� must be kept in mind if the imputed rent approach is used to value the services of Owner
Occupied Housing.  If some or all of these associated costs of OOH are covered elsewhere in the
CPI (e.g., home insurance could be separately covered), then the value of imputed rents for OOH
must be reduced by the amount of these expenditures covered elsewhere.

However, in addition to the costs of home ownership that were covered in the previous section,
landlords face a number of additional costs compared to the home owner.  These additional costs
will be reflected in market rents and thus if market rents are used to impute the services provided by
the ownership of a dwelling unit, then these extra costs should also be removed from the market
rents that are used for imputation purposes, since they will not be relevant for owner occupiers.
These additional landlord specific costs will be discussed in sections 11.1 to 11.5 below.

11.1  Damage Costs

Tenants do not have the same incentive to take care of a rental property compared to an owned
property and so depreciation costs for a rental property are likely to exceed depreciation rates for
comparable owned properties.  Usually, landlords demand damage deposits but often these deposits
are not sufficient to cover the costs of the actual damages that some tenants inflict.

11.2  Nonpayment of Rent and Vacancy Costs

At times, tenants run into financial difficulties and are unable to pay landlords the rent that is
owned.  Usually, eviction is a long drawn out process and so landlords can lose several months of
rent before a nonpaying tenant finally leaves.  The landlord also incurs extra costs compared to a
homeowner when a rental property remains vacant due to lack of demand.103  These extra costs will
be reflected in market rents but should not be reflected in the user costs of OOH.

11.3  Billing and Maintenance Costs

A (large) landlord may have to rent office space and employ staff to send out monthly bills to
tenants and employ staff to respond to requests for maintenance.  A homeowner who provides his or
her time in order to provide maintenance services104 provides this time at his or her after income tax
wage rate which may be lower than the before income tax wage rate that a landlord must pay his or
her employees.  The net effect of these factors leads to higher market rents compared to the
corresponding owner occupied user cost.

                                                
103 The demand for rental properties can vary substantially over the business cycle and this can lead to depressed rents
or very high rents compared to the user costs of home ownership.  Thus imputed rents based on market rents of similar
properties can differ substantially from the corresponding user costs of OOH over the business cycle.
104 Typically, these imputed maintenance costs will not appear in the CPI but if the user cost of an owned dwelling unit
is to be comparable with the market rent of a similar property, these imputed labour costs should be included.
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11.4  The Opportunity Cost of Capital

The homeowner�s after tax opportunity cost of capital that appeared in the various user cost
formulae considered earlier in this Chapter will typically be lower than the landlord�s before tax
opportunity cost of capital.  Put another way, the landlord has an extra income tax cost compared to
the homeowner.  In addition, the landlord may face a higher risk premium for the use of capital due
to the risks of damage and nonpayment of rent.  However, care must be taken so that these
additional landlord costs are not counted twice; i.e., in the present subsection as well as in
subsections 11.1 and 11.2 above.

11.5  The Supply of Additional Services for Rental Properties

Often, rental properties will contain some major consumer durables that homeowners have to
provide themselves, such as refrigerators, stoves, washing machines, driers and air conditioning
units.  In addition, landlords may pay for electricity or fuel in some rental apartments.  Thus to
make the market rental comparable to an owner occupied imputed rent, the market rental should be
adjusted downwards to account for the above factors (which will appear elsewhere in the
expenditures of owner occupiers).

The factors listed above will tend to make observed market rental prices higher than the
corresponding user cost for an owner occupier of a property of the same quality.  Thus if the
imputed rental approach is used to value the services of OOH, then these market based rents should
be adjusted downward to account for the above factors.

Although all of the above factors will tend to lead to an upward bias if unadjusted market rental
rates are used to impute the services of OOH, there is another factor not discussed thus far that
could lead to a large downward bias.  That factor is rent controls.

Under normal conditions, the acquisitions approach to the treatment of OOH will give rise to the
smallest expenditures, the user cost approach will give rise to the next highest level of expenditures
and the use of imputed market rentals will give the largest level of expenditures for owner occupied
housing.  For the first two approaches, a main driver of the price of OOH is the price of new
housing construction.  For the user cost approach, another main driver is the price of land.  For the
imputed rent approach, the main driver of the price of OOH is the rental price index.

The above discussion is far from being complete and definitive but it does illustrate that it is not
completely straightforward to impute market rental rates to owner occupied dwelling units.  Care
must be taken to ensure that the �correct� expenditure weights are constructed.105

As can be seen from the material above, the treatment of owner occupied housing presents special
difficulties.  Astin discussed some of the difficulties that the European Union encountered in trying
to find the �best� approach to use in its Harmonized Index of Consumer Prices as follows:

                                                
105 Crone, Nakamura and Voith (2000) have a very useful paper using hedonic techniques to estimate both a rent index
and a selling price index for housing in the U.S.  They also suggest that capitalization rates (i.e., the ratio of the market
rent of a housing property to its selling price) can be applied to an index of housing selling prices in order to obtain an
imputed rent index for OOH.  This is adequate as a first approximation but as the authors note, capitalization rates can
change over time (due to changes in nominal interest rates, depreciation rates and expected housing inflation rates).
Also, as we have seen in this section and the previous section, actual market housing rents can be expected to be
considerably higher than the corresponding imputed rents for owner occupied units of the same quality and hence the
use of unadjusted capitalization rates to convert the value of the owner occupied stock of housing into imputed rents can
lead to a considerable weighting bias.
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�A special coverage problem concerns owner-occupied housing.  This has always been one of the
most difficult sectors to deal with in CPIs.
     Strictly, the price of housing should not be included in a CPI because it is classified as capital.
On the other hand, the national accounts classifies imputed rents of owner-occupiers as part of
consumers� expenditure.  This is a reasonable thing to do if the aim is to measure the volume of
consumption of the capital resource of housing.  But that is not what a CPI is measuring.
     Some countries, following the compensation index concept, would prefer to have mortgage
interest included in the HICP.  This approach could indeed be defended for a compensation index,
because there is no doubt that the monthly mortgage payment is an important element in the budget
of many households: a rise in the interest rate acts in exactly the same way as a price increase from
the point of view of the individual household.  But this is not acceptable for a wider inflation index.
     So, after many hours of debate, the Working Party came to the conclusion that there were just
two options.  The first was to simply exclude owner-occupied housing from the HICP.  One could
at least argue that this was a form of harmonization, although it is worrying that there are such large
differences between Member States in the percentages of the population which own or rent their
dwellings.  Exclusion also falls in line with the international guideline issued 10 years ago by the
ILO.  Furthermore, it would be possible to supplement the HICP with a separate house price index,
which could be used by analysts as part of a battery of inflation indicators.
     The second option was to include owner-occupied housing on the basis of acquisition costs,
essentially treating them like any other durable.  Most secondhand housing would be excluded: in
practice the index would include new houses plus a small volume of housing new to the household
sector (sales from the company or government sectors to the household sector).
     The main problem here is practical: several countries do not have new house price indices and
their construction could be difficult and costly.  A Task Force is at present examining these matters.
Final recommendations are due at the end of 1999.�  John Astin (1999; 5).

Due to the complexities involved in modeling the treatment of OOH, final recommendations have
still not emerged for the HICP.

A fourth approach to the treatment of housing will be studied in the following section.  Since this
approach has only been applied to owner occupied dwellings, it is not as �universal� as the other 3
approaches.106

12.  The Payments Approach

A fourth possible approach to the treatment of owner occupied housing, the payments approach, is
described by Goodhart as follows:

�The second main approach is the payments approach, measuring actual cash outflows, on down
payments, mortgage repayments and mortgage interest, or some subset of the above.  This approach
always, however, includes mortgage interest payments.  This, though common, is analytically
unsound.  First, the procedure is not carried out consistently across purchases.  Other goods bought
on the basis of credit, e.g., credit card credit, are usually not treated as more expensive on that
account (though they have been in New Zealand).  Second, the treatment of interest flows is not
consistent across persons.  If a borrower is worse off in some sense when interest rates rise, then
equivalently a lender owning an interest bearing asset is better off; why measure one and not the
other?  If I sell an interest earning asset, say a money market mutual fund holding, to buy a house,
why am I treated differently to someone who borrows on a (variable rate) mortgage?  Third, should
not the question of the price of any purchase be assessed separately from the issue of how that
might be financed?  Imports, inventories and all business purchases tend to be purchased in part on
                                                
106 The acquisitions, user cost and rental equivalence approaches can be applied to any consumer durable but of course,
to apply the rental equivalence approach, appropriate rental or leasing markets for the durable must exist.
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credit.  Should we regard imports as more expensive, when the cost of trade credit rises?  Money,
moreover, is fungible.  As we know from calculations of mortgage equity withdrawal, the loan may
be secured on the house but used to pay for furniture.  When interest rates rise, is the furniture
thereby more expensive?  Moreover, the actual cash out-payments totally ignore changes in the on
going value of the house whether by depreciation, or capital loss/gain, which will often dwarf the
cash flow.  Despite its problems, such a cash payment approach was used in the United Kingdom
until 1994 and still is in Ireland.�  Charles Goodhart (2001; F350-F351).

Thus the payments approach to owner occupied housing is a kind of a cash flow approach to the
costs of operating an owner occupied dwelling.  Possible objections to this approach are that it
ignores the opportunity costs of holding the equity in the owner occupied dwelling, it ignores
depreciation and it uses nominal interest rates without any offset for inflation.  However, if the
payments approach is adjusted for these imputed costs, then the result is a rather complicated user
cost approach to the treatment of housing.  Nevertheless, as was mentioned in Chapter 10, under
some conditions, the payments approach to the treatment of owner occupied housing may be a
reasonable compromise.  In general, the payments approach will tend to lead to much smaller
monthly expenditures on owner occupied housing than the other 3 main approaches, except during
periods of high inflation, when the nominal mortgage rate term becomes very large without any
offsetting item for inflation.107

13. Alternative Approaches for Pricing Owner Occupied Housing

For consumer durables that have long useful lives, the usual acquisitions approach will not be
adequate for CPI users who desire prices that measure the service flows that consumer durables
generate.  This is particularly true for owner occupied housing.  Hence it will be useful to many
users if, in addition to the acquisitions approach, the statistical agency implements a variant of
either the rental equivalence approach or the user cost approach for long lived consumer durables
and for owner occupied housing in particular.  Users can then decide which approach best suits their
purposes.  Any one of the three main approaches could be chosen as the approach that would be
used in the �headline� CPI.  The other two approaches could be made available to users as �analytic
tables�.

We conclude this paper by outlining some of the problems involved in implementing the three main
approaches to the measurement of price change for Owner Occupied Housing.

13.1 The Acquisitions Approach

In order to implement the acquisitions approach, a constant quality price index for the sales of new
residential housing units will be required.

13.2 The Rental Equivalence Approach

Option 1: Using Home Owner�s Estimates of Rents

In this option, homeowners would be surveyed and asked to estimate a rental price for their housing
unit.  Problems with this approach are:

•  Homeowners may not be able to provide very accurate estimates for the rental value of their
dwelling unit.

                                                
107 If there is high inflation, then the statistical agency using the payments approach may want to consider adjusting
nominal mortgage interest rates for the inflation component as was done in section 10.1 above.
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•  The statistical agency should make an adjustment to these estimated rents over time in order
to take into account the effects of depreciation, which causes the quality of the unit to slowly
decline over time (unless this effect is offset by renovation and repair expenditures).108

•  Care must be taken to determine exactly what extra services are included in the
homeowner�s estimated rent; i.e., does the rent include insurance, electricity and fuel or the
use of various consumer durables in addition to the structure?  If so, these extra services
should be stripped out of the rent, since they are covered elsewhere in the consumer price
index.109

Option 2: Using a Hedonic Regression Model of the Rental Market to Impute Rents

In this option, the statistical agency would collect data on rental properties and their characteristics
and then use this information to construct a hedonic regression model for the housing rental
market.110  Then this model would be used to impute prices for owner occupied properties.
Problems with this approach are:

•  It is information intensive; in addition to requiring information on the rents and
characteristics of rental properties, information on the characteristics of owner occupied
properties would also be required.

•  The characteristics of the owner occupied population could be quite different from the
characteristics of the rental population.  In particular, if the rental market for housing is
subject to rent controls, this approach is not recommended.

•  Hedonic regression models suffer from a lack of reproducibility in that different researchers
will have different characteristics in the model and use different functional forms.

•  From the discussion in section 11, it was seen that market rents can be considerably higher
than the opportunity costs of home owners and hence using market rents to impute rents for
owner occupiers may lead to rents that are too high.111  On the other hand, if there are rent
controls or a temporary glut of rental properties, then market rents could be too low
compared to the opportunity costs of home owners.

•  There is some evidence that depreciation is somewhat different for rental units compared to
owner occupied housing units.112  If this is so, then the imputation procedure will be
somewhat incorrect.  However, all studies that estimate depreciation for owner occupied
housing suffer from biases due to the inadequate treatment of land and due to the lack of
information on repair, renovation and maintenance expenditures over the life of the dwelling
unit.  Hence, it is not certain that depreciation for rental units is significantly different than
that for owner occupied units.

13.3 The User Cost Approach

It is first necessary to decide whether an ex ante or ex post user cost of housing is to be calculated.
It seems that the ex ante approach is the more useful one for CPI purposes; these are the prices that
                                                
108 Recall section 8 above.
109 However, it could be argued that these extra services that might be included in the rent are mainly a weighting issue;
i.e., it could be argued that the trend in the homeowner�s estimated rent would be a reasonably accurate estimate of the
trend in the rents after adjusting for the extra services included in the rent.
110See Crone, Nakamura and Voith (2000) and Hoffmann and Kurz (2002) for example of such hedonic models that try
to cope with the heterogeneity in the rental market.
111 Again, it could argued that this is a mainly a weighting issue; i.e., it could be argued that the trend in market rents
would be a reasonably accurate estimate for the trend in home owner�s opportunity costs.
112 �The average depreciation rate for rental property is remarkably constant, ranging from 0.58% to 0.60% over the 25
year period.  Depreciation rates for owner occupied units show more variation than the estimated rates for renter
occupied units.  The average depreciation rate for owner occupied housing ranges from 0.9% in year 1 to 0.28% in year
20.�  Stephen Malpezzi, Larry Ozanne and Thomas G. Thibodeau (1987; 382).



88

should appear in economic models of consumer choice.  Moreover, the ex post approach will lead to
user costs that fluctuate too much to suit the needs of most users.  Of course, the problem with the
ex ante approach is that it will be difficult to estimate anticipated inflation rates for house prices.

Option 3: The Rent to Value Approach

In this option, the statistical agency collects information on market rents paid for a sample of rental
properties but it also collects information on the sales price of these rental properties when they are
sold.  Using these two pieces of information, the statistical agency can form an estimated rent to
value ratio for rental properties of various types.  It can be seen that this rent to value ratio
represents an estimate of all the terms that go into an ex ante user cost formula, except the asset
price of the property; i.e., the rent to value ratio for a particular property can be regarded as an
estimate of the interest rate less anticipated housing inflation plus the depreciation rate plus the
other miscellaneous rates that were discussed in section 10, such as insurance and property tax
rates.  Under the assumption that these rates remain reasonably constant over the short run, changes
in user costs are equal to changes in the price of owner occupied housing.  Thus this approach can
be implemented if a constant quality price index for the stock value of owner occupied housing can
be developed.  It may be decided to approximate the comprehensive price index for owner occupied
housing by a new housing price index, and if this is done, the approach essentially reduces down to
the acquisitions approach, except that the weights will generally be larger using this user cost
approach than those obtained using the acquisitions approach.113  Problems with this approach
include:

•  It will require considerable amount of resources to construct a constant quality price index
for the stock of owner occupied housing units.  If a hedonic regression model is used,
there are problems associated with the reproducibility of the results.

•  Rent to value ratios can change considerably over time.  Hence it will be necessary to
keep collecting information on rents and selling prices of rental properties on an ongoing
basis.

•  As was noted in section 11 above, the user cost structure of rental properties can be quite
different from the corresponding user cost structure of owner occupied properties.  Hence,
the use of rent to value ratios can give misleading results.114

Option 4: The Simplified User Cost Approach

This approach is similar to that of Option 3 above but instead of using the rent to value ratio to
estimate the sum of the various rates in the user cost formula, direct estimates are made of these
rates.  If the simplified Icelandic user cost approach discussed in section 8 is used, all that is
required is a constant quality owner occupied housing price index, an estimated real interest rate
and an estimated composite depreciation rate on the structure and land together.  Problems with this
approach are:

•  As was the case with Option 3 above, it will require a considerable amount of resources to
construct a constant quality price index for the stock of owner occupied housing units.  If a
hedonic regression model is used, there are problems associated with the reproducibility of
the results.

•  It is not known with any degree of certainty what the appropriate real interest rate should be.

                                                
113 Recall the discussion in section 5 above.
114 However, this is primarily a weighting issue so that the trend in the constant quality stock of owner occupied housing
price index should be an adequate approximation to the trend in owner occupied user costs.
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•  Similarly, it is difficult to determine what the �correct� depreciation rate should be.115

Moreover, this problem is complicated by the fact that over time, the price of land tends to
increase faster than the price of building a residential structure and so the land price
component of an owner occupied housing unit will tend to increase in importance which in
turn will tend to decrease the composite depreciation rate.

Option5: A National Accounting Approach

This approach makes use of the fact that the national accounts division of the statistical agency will
usually collect data on investment in residential housing as well as on repair and renovation
expenditures on housing.  In addition, many statistical agencies will also construct estimates for the
stock of residential dwelling units so that estimates for the structures depreciation rates are
available.  Finally, if the statistical agency also constructs a national balance sheet, then estimates
for the value of residential land will also be available.  Thus all of the basic ingredients that are
necessary to construct stocks for residential structures and the associated land stocks are available.
If in addition, assumptions about the appropriate nominal interest rate and about expected prices for
structures and land are made116, then aggregate user costs of residential structures and residential
land can be constructed.  The proportion of these stocks that is rented can be deducted and estimates
for the user costs and corresponding values for owner occupied residential land and structures can
be made.  Of course, it would be almost impossible to do all of this on a current basis, but all of the
above computations can be done for a base period in order to obtain appropriate weights for owner
occupied structures and land.  Then, it can be seen that the main drivers for the monthly user costs
are the price of a new structure and the price of residential land.  Hence if timely monthly indicators
for these two prices can be developed, the entire procedure is feasible.  Problems with this approach
include:

•  As was the case with Option 4 above, it will be difficult to determine what the �correct�
depreciation rates and real interest rates are.117

•  It will be difficult to construct a monthly price of residential land index.
•  It may be difficult to convert the residential housing investment price deflator from a

quarterly to a monthly basis.

All of the above 5 options have their advantages and disadvantages; there does not appear to be
clear �winning� option.118  Thus each statistical agency will have to decide whether they have the
resources to implement any of these five options in addition to the usual acquisitions approach to
the treatment of owner occupied housing.  From the viewpoint of the cost of living approach to the
Consumer Price Index, any one of the 5 options would be an adequate approximation to the ideal
treatment from the perspective of measuring the flow of consumption services in each period.

References

                                                
115 Due to the lack of information on repairs and renovations, estimated housing depreciation rates vary widely: �One
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Rósmundur Guðnason119: Simple User Cost and Rentals

Abstract

This paper  describes and treats the problem of user cost from the point of view of the simple user

cost approach to owner occupied housing . The simple user cost method uses a real interest rate as

approximation to capital gains and measures depreciation by an inverse geometric rate. The prices

are measured by a total house price index.

Usually there is a problem in that connection because of the price divergence between rental

markets and changes in house prices although that is not the case in Iceland. The price change in

rental markets and house markets do not necessarily have to move in similar fashion. This problem

is relevant for every user cost method and the use of the rental equivalence method.

Key words
Consumer price index, cost of living index, household expenditure surveys, owner occupied
housing, user cost.

JEL Classification
C43, C81, D11, E31.

1. Market price approach and simple user cost

1.1 Market price approach to owner occupied housing

Using market prices to measure the price change of owner occupied housing is common for two

methods that use different approach in estimating the weights share of housing in the CPI. One is

based on the flow of services measurement (covering rental equivalence or user cost) and the other

is net aqusition where the housing is capitalized as a net cost.

Housing weight for these two methods differs. In the case of the flow of service measurement

where rental equivalence is used some countries use information from the National Accounts and

other use information collected by the house owner that is asked what rent, in his opinion, he would

get for his house, if he rented it out. For simple user cost the annuity (imputed rent) of the average

                                                
119 Statistics Iceland
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property value, with long term real interest rate and depreciation is used for estimating the

expenditure share. Capitalizing the new house is the weight for net aqusition.

Price are measured in these cases by the change in market prices. In the case of rental equivalence it

is the market price of rents for comparable housing. In the case of simple user cost it is the market

price change of all properties sold independent of whether they are old or new. By the net method it

would theoretically be the market price change of new houses that would be used for price

measurement.  The price measurement is therefore similar and in all cases based on market prices

independent of the method of aggregation of weights. It could furthermore be the case that prices

for old and new houses moved in similar fashion over time the house price inflation would then be

the same for both user cost and net aqusition but if there are differences in weight shares the effect

on the total index would differ. Therefore the same index for all properties sold could be used both

for net aqusition as for the simple user cost.

According to this market prices are very important element for all methods and the development of

reliable price indices of market prices both for rents and houses one of the main issues in the

question of owner occupied housing.

1.2 Simple user cost

In the years 2000-2002 about 81 per cent of Icelanders lived in own housing according to the yearly

Households Expenditure Survey. Rental equivalence can therefore not be used in Iceland because of

the thin and underdeveloped rental market, where the composition of the owner occupied housing

stock and the rental market housing is very dissimilar. The only method available to measure the

use of the house for living in it is therefore simple user cost.

House is a place to live in and at the same time an investment and to price measure the use is a

difficult problem in CPI calculation. The flow of service of living in own house is calculated, as

imputed rent in the Icelandic consumer price index, but the buying of the house is an investment

and therefore not taken into account directly in the calculation.

Converting a part of investment of a durable (such as a house) into flow of service is done by taking

into consideration long term financial (opportunity) cost and the use of the capital (depreciation).

The method used is user cost and it combines measure of use of capital and the use of the durable

itself, calculated for the duration of  year, month or some other time interval. The method to
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calculate housing as simple user cost120 and price update the results by the price changes of all

properties sold was adopted in November 1992121. In the beginning the price measurement was only

conducted in the capital area but since March 2000 it was extended to cover the whole country122.

The base for the calculation is the real estate value of the house (as estimated by the Land Registry)

and that information is collected in the yearly Household Expenditure Survey for each household

participating.

The user cost is divided into two parts the structure and land but in but is in the model calculated in

one figure, with real interest rate that is now approximately 4% and depreciation rate of 1.25% of

the house�s real estate value. The value of the house is price updated monthly by price index for all

properties sold. Owner occupied housing measured in this way covers imputed rent, minor repairs

and other cost, such as tariffs for sewerage, garbage and water. The value of the house is collected

in the Household Expenditure Survey and is calculated monthly by the simple user cost method.

The simple user cost is calculated in two parts. One is the calculation of weight by using a real in-

terest rate to measure the long term financial  cost and the use of the durable. The other part is the

price adjustment of the user cost weight (expenditure) by a house price index. Technically it is done

by calculating this cost as an annuity123. An annuity is a � sequence of equal payments made at

equal intervals of time�124. In the index calculation the property value is calculated as an annuity

and includes both the real interest rate and depreciation. The annuity formula is of the general form:
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where PH is the present value of  the house, AHV, the annuity of the house value, where r is the real

interest rate and N the life time of the durable (depreciation is converted to years)125. The annuity

formula (1) is derived from a geometric series and the interest is calculated over the lifetime of the

durable and added to the durables value and then converted into equal payments (annuity). By using

                                                
120 This terminology is due to Diewert (2002) 621 and (2003b) 28 and 53.
121 Similar user cost method was used in Iceland from 1980 to measure the profitability of the fishing fleet under high
inflationary situation.
122 Correction was made for over estimation of price change of houses in April 2000 lowering the CPI by 0.35 per cent.
At the same time under estimation of rent was corrected leading to a 0.34 per cent increase in the CPI.
123 This user cost method is in some ways similar as Steiner (1961) suggested in the Stiegler report. He uses in his user
cost model the annuity method to measure depreciation and interest rates but does not use real interest rates.
124 Ayres (1963) 80.
125 The lifetime is calculated as 80 years. The depreciation is 1.25% and there is no scrap value the lifetime is,
1/1.25=80).
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annuity both the interest rate and the depreciation is calculated from the same base and increases in

the same way by the property index. In addition the rent amount is also calculated over the lifetime

of the durable. Lower lifetime of the durable (higher depreciation) leads to lower influence of

interest rate changes.

1.2.1 Real interest rate

Nominal interest rates reflect inflation, the higher the inflation, is the higher the interest rates get.

This fact that a part of the price of using the capital is due to other factors than the service price for

the use of money makes a use of those rates a quality adjustment issue. The quality issue in this case

is inflation that is embedded in the interest rates and distorts the interest value making it a quality

adjustment necessary. The real interest rate from this point of wiev, the quality adjusted nominal

interest rate. The quality adjustment is necessary as is the case of every good and service that has a

better or worse quality reflected in its price. The real interest rate can be preset as is the case in

Iceland and the inflation measured by adding to a real rate the change in the CPI each month126.

There is a method available for this kind of correction due to the connection between nominal and

real interest rate as expressed by Fisher (1896) identity 127. The nominal interest rate is designed rt,

the real interest rate as r* and the general inflation rate as pt. The expression is:

(2) rt = (1+r*)(1+pt) -1

It means that the real interest rate, when not known is the difference between the change in the

nominal interest rate and consumer inflation and the quality adjustment is expressed by calculating

as follows:

(3) (1+r*) = rt/(1+pt)

There could be a problem in connection with this in the case of short term movements there are

indications that the Fischer effect is not very strong in the short term even if it is so in the longer

run128. If this is right the use of this method should be extended to some kind of average over a

longer period of time.

                                                
126 Indexation of this kindin Iceland refers only to mortages for a period of five years or longer.
127 Diewert (2003a) 21
128 Mishkin (1992)
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The long term real interest rate used in the simple user cost model calculation shows the return on

investment over the lifetime of the durable. In this way the real rate measures the capital gain. It can

be lower or higher at periods than the rate of return used but it is approximated by the average long

term real interest rate. Methods that measure user cost and do not use a quality adjusted interest

rates and in addition take into account all short term movement in house prices will be exaggerating

the price changes and not taking into consideration the development of the prices over the lifetime

of the durable. The results will therefore also be very volatile129.

The real interest rates use are nearly fixed but their variable part should reflect in some way the long

term trend in the real interest rates and that is why a part of them are kept variable. When setting the

average long term real interest rate in the model two main types of financing are viewed. The part

that the buyer has to finance by loan and also the required return of his own equity. When

consumers buy properties they finance it partly with own equity and partly with mortages. In the

simple user cost model the division between this two forms of finance forms are based on

information from the sales contracts used for the house price measurement. The own equity rate is

fixed in the calculation but the mortgage real interest part is variable. The opportunity financial cost

covering the lifetime of the durable is measured in this way.

These shares of finance are used to calculate the real interest rate used in the model. Part of the

price of the house is paid by cash and that is approximated as the buyers own equity130 and is

covering more than half of the price given for the house. The real interest rate is of a long term

character and is similar to long term real rates used to evaluate the assets of pensions funds. The

rate for own equity was therefore set as the estimated rate of return for the pension funds in Iceland

and are kept fixed over the durables lifetime. When this calculation method was adopted the long

time real interest rate of the pension funds was estimated as 3 per cent and it has been kept

unchanged since then131. Other long-term real interest rates used are variable over time. These other

forms of payment are usually new or old mortgages. The real interest rates used are in the range of

5.0% to nearly 9.0%. These mortages are mainly from the Housing Fond or old loans from the old

State Housing Board. Other financing is mainly originating from the pensions funds or the

banks.The largest share of these loans have fixed real interest rates that have been unchanged for

the period of this method´s lifetime. Hence,  the variability of the long term variable real interest

rate has been relatively small over time.

                                                
129 Gillingham (1983), Johannessen (2004) and Verbrugge (2004).
130 This share can partly be financed with loans.
131 The long time rate of return for the pensions funds is now in the range of 2.0-3.5 per cent. Long time rate of return
according to the liability law is 3.5 per cent.
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The average real interest rate measured monthly in this way has been around 4% since 1992. The

interest rates of  the House Fond mortages have bee relatively stable over the last years. In July

2004 this changed and these rates are now set monthly and will probably fluctuate more than

before. This led to a change of method going over to a moving five year average for these rates. The

motivation was formulated in this way in the press release published on 12 August 2004. �This

practice should ensure that the short term changes in the real interest rates of housing mortages will

not cause significant volatility  in the monthly measurement of the CPI. On the other hand, it also

secures that long term changes in the real interest rates are taken into consideration�. The full text of

the press release is found in Appendix 1.

There are three parts that influence the results of the calculation of the annuity. House prices,

interest rates and depreciation. The formula for the annuity is:
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Dividing through it by  ( )r N+1  gives the equation in the form:
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According to formula (5) the real interest rate has a direct influence on the annuity and an increase

in the average real interest rate, when the rate is 4% and the lifetime is long (80 years) the annuity

(imputed rent) increases by almost the same amount as r. The user cost is therefore very vulnerable

to real interest rate changes.

The real interest rate has also influence on the value of the property used as the base for calculating

the annuity (rent) as lower interest rates lead to a higher house prices. In calculating the present

value of the sale contracts the loans with fixed interest rates are discounted by rate of return

reflecting the change in the real interest rate. A rise in the real interest rate lowers the present value

of the property. This fact is in accordance with the economic reality that a higher real interest rate

leads to less demand and lower price of housing.

1.2.2 Depreciation
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It is difficult to measure depreciation that should reflect the tear and wear of property and that

measurement is always very uncertain. There are generally three methods used to obtain the rate at

which structures depreciate. The first method is to observe the age by making a rough estimate of

the life of the durable �and then by assuming depreciation model that seems most appropriate�132.

The second method is to use cross sectional information to set the depreciation rate and the third

method is to use information on rental or leasing prices. In deciding the depreciation rate used in the

simple user cost calculation the first method was used. �The first and simplest method is to impose

a particular depreciation pattern on the average observed life of structures to derive a depreciation

rate133.

The depreciation rate used in the user cost calculation was arrived at mainly by viewing the age of

the housing stock. According to the Real Estate Registry the stock at the end of the year 2001134,

divided after the building year, show that 90 per cent of all property is constructed after the year

1940, more than one third in the period 1960-1980 and one third is constructed later. The

depreciation rate seems therefore to be in accordance with the property stock divided after age or

building year.

The user cost covers both the property structure and the land it is built on. The depreciation for the

property is 1.5 per cent setting the life time of the property to approximately 67 years. Land does

not wear over time and is therefore not depreciated. The depreciation is calculated of the value of

the building. In the price information used to calculate the house price index the price of land is

never separated135. It is therefore convenient  to calculate the depreciation of the whole value of the

housing stock, both structure and land. The depreciation rate used in the index is 1.25 per cent of

the real estate value.

There are three depreciation methods most common. Straight line depreciation when the

depreciation is divided into equal shares, one hoss shay or light bulb depreciation when the durable

is depreciated until it falls apart and geometric depreciation when the durables value declines by

constant percentage rate. The depreciation is usually in the form ( )δ−1 N
, where δ is the

depreciation rate and N the lifetime of the durable (number of payments). It means that the

                                                
132 Diewert (2003b) 23.
133 Malpezzi, Ozanne and Thibodeau (1987) 373.
134 Örn Ingvarsson (2002) 261.
135 Statistics Iceland has under consideration to calculate separatly user cost from structure and land.
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depreciation is largest in the beginning. According to the geometric method the durable is never

fully depreciated.

The geometric form in the annuity formula is a inverted geometric depreciation of the type

( )δ− −1 N
. The depreciation calculated in this way differs therefore from the usual geometric

depreciation in that it is small in the beginning but increases as the years go on136. In addition the

durable is fully depreciated which is not the case with the usual geometric depreciation.

It is similar to the one hoss shay method as the depreciation is largest at the end of the durables

lifetime and that the durable is fully depreciated but contrary to the one hoss shay method it

depreciates over the lifetime of the durable.

2. Rentals and property prices in the consumer price index

Sometimes big increase in house prices are taken as a token that a bubble like behaviour of the

market could be at hand which could lead to sudden fall in house prices. One of the things often

looked at in that connection is the change in house prices against the price increase of rents. A

strong connection can be observed between price changes in the rent market in Iceland and the

changes in the market prices of housing, i.e. both indices seem to develop in similar way in the

longer run even though they in shorter time periods can move in dissimilar cycles. Imputed and

actual rent showed similar changes from March 1997 until November 2003137. Because of the small

size of the Icelandic rent market it can be said that the house prices lead the rent market.

The rent and property market can move in dissimilar fashion. That could point to    imbalances

between these two indicators which need not be the case. One reason being regulation or controlling

of rent and another could be a quality adjustment issue.

There will also always be difference between the level of market rents and imputed rents. When the

rent is set the landlord has to take into consideration the cost incurred138 such as transaction cost

                                                
136 The depreciation measured as the amortization of the principal, where N = 80, reaches the 50 per cent level in the
64´th  year. In the year 73 it covers two third of the total depreciation. The interest payment equals the depreciation
amount in the 64´th year and after that the deprication amount is larger than the interest.
137 The increase in housing prices from March 1997 to November 2003 is nearly 77.9 per cent and the rent index rose in
the same period by 78.2 per cent. At the same time the total CPI rose by 28.5 per cent and CPI less housing cost by 22.7
per cent. The CPI is therefore 4.8 per cent higher than the CPI less housing cost in this time interval.
138 Diewert (2003b) 46-48.
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that can be considerable139. There is also a quality issue connected to this as owner can adjust their

home in any fashion they like unlike tenants that are not allowed to do that.

3. Measurement of property prices

3.1 Real estate value of the property

The Land Registry of Iceland calculates a real estate value for every property in the country. In the

middle of the year 2001 the Land Registry revised the estimation method by using hedonic regres-

sion after extensive research. The base for the analysis was the capital area and the estimates for

other parts of the country were calculated with regional coefficients140.

The value of all properties in the country are measured in a harmonised way based on information

about sold properties. This is done with reference to law as �the law about the measurement of the

real estate value says that it should be based on the market price of the property. According the first

paragraph. of the law no. 6/2001 the estimated value shall be the discounted market value as esti-

mated last November�141. This basic information is the same as used in the price measurement of

housing in the CPI and the real estate value is therefore well suited as a base for the user cost cal-

culation.

3.2 Measurement of property prices

Sales contracts are the base for the calculation of the index of property prices. One of the main

reasons for using them is the fact that the contracts are standardised for the whole country.  Each

contract contains information about the property and owners, the sales amount and complete

information about the form of payment. Each property has a standardised identity number that is

used in the property database that the Land Registry maintains. This very detailed information is the

foundation for the valuation of property sales.

The sales information is collected through the Official Registry of Deeds. The formal registry of the

change of the ownership is done by the Land Registry and for that the sales contract has to be at

                                                
139 Economist (2003) 7.
140 Fasteignamat Ríkisins (2002) 17-22 and Örn Ingvarsson (2002) 259-270.
141 Örn Ingvarsson (2002) 260.
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hand. Between 8-10 thousand sales contracts are collected each year covering 8-10% of all

properties in the country142.

The Land Registry of Iceland has collected the sales contracts over a long period of time. The

market prices of properties that are gathered from the sales contracts are used by the Land Registry

as the base for their evaluation of all house�s real estate value. This information is also used in the

calculation of the simple user cost in the CPI.

The price concept used in the CPI is cash price. In housing there are different forms of payments

used so the price evaluation is more complex. The reason is the fact that there are different forms of

payments when a house is bought. As money received today is not the same as money received at

another time in the future there is a need to calculate the present value of each contract.

The discount rates varies after the type of payment in accordance with market information. The

discounting rate of return is measured monthly and if the change exceed a certain minimum the rate

of return is changed. Housing Bonds have the biggest share in housing financing bur will be

replaced from July 2004 by ÍLS mortages.

When the discounting rate is lowered, the present value of the property increases. An increase in the

discounting rate of return lowers the present value of the property. This is in accordance with the

market influence of lower mortgage rates that lead to higher property prices and in the same way as

higher mortgage rates lead to lower house prices.

Changes in the market prices and the discounting rate influence the price measurement. The present

value of the contract is used for the price updating of properties in the CPI. The price measurement

concept is the same as in other parts of the CPI and the prices taken into account are those that the

consumer pays in reality for the property. In the long run the nominal and cash house price follow

each other but within shorter interval they can part temporarily143.

3.3 Price index for housing

The house price index is calculated based on the change in the present value of property prices as

measured in the sale contracts. The total price information from all the sales contracts are used for

                                                
142 It does not matter weather the number of sales or values are used.
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the calculation of imputed rent. The prices used are the average prices for the whole country144.  In

the calculation the combination of the house�s size in square meters is kept fixed. The weight is

based on the sale�s volume in four size categories as it was in the last three years. The calculation is

based on three month�s moving average with one month�s time lag145. The sales contracts in April

refer to the period January to March and in May for the period February to April e.t.c.. The main

indices are four, for houses and apartments inside and outside the capital area. The price change is

measured for following type of housing. Houses (13 per cent share) and apartments (59), for the

capital area (total 72), houses (15) and apartments (13) outside the capital area (28).  The emphasis

is on the price change within groups of properties not between types of properties or between

regions and the quantity weight between regions is kept constant.

                                                                                                                                                                 
143 From november 2003 to November 2003 house prices in the CPI rose by 11.9 per  cent. Nearly half of that change is
due to the change in cash  prices over nominal prices due to the discounting.
144 This has been in this way since March 2000. The index for the whole country was then calculated back to March
1997.
145 Contracts from places outside the capital area arrive with two months timelag.
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Appendix 1

Text of a Statistics Iceland press release, 12 August 2004

Changes in the calculation of owner occupied housing in the CPI in August 2004

The calculation of owner occupied housing in the Icelandic CPI is based on one hand on  changes in

the market prices of sold properties and  on the other hand on the assumed lifetime of the properties

(depreciation) and the long time real interest rate (opportunity cost)  of the investment in housing

The composition of the real interest rates in the calculation model that Statistics Iceland uses is

based on information obtained from sales contracts collected by the Land Registry of Iceland.

Approximately two third of the rates do not change from month to month as these are  rates on the

owners own equity and on old mortages. In the category �other interest rates� the real rates for

mortages from the Housing  Fund form the largest category and they have been relatively stable

over the last ten years.

The lending by the Housing  Fund was changed in July 2004 by introduction of loans in cash, ÍLS

mortages, that replaced the former housing certificates and bear lower real interest rates. In the

calculation of the CPI in July, Statistics Iceland did take into account the lowering of the interest

rates of the housing  loans as it leads to the lowering of the level of real interest rates. This  is in

accordance with the practice adopted when similar real rate changes occurred previously,  for

example at the end of 1993 when the mortage rates were lowered from 6% to 5% and in the

beginning of the year 1995 when they rose from 5% to 5.1

In the new lending system, the real interest rates are set each month. For CPI purposes, this could be

a challenge to the stability of the real interest rates used in the calculation of the user cost. The long

time real interest rates used in the calculation are set in accordance with the lifetime of the house

and it would therefore not be appropriate if short term changes in the real interest rates would have

major influence on the monthly price measurement. Because of this, it is necessary to extend the

model level of real interest rates over a longer period of time.

Statistics Iceland has decided that as of August 2004 the real interest rates used will be calculated as

a five year moving average. Initially, the average will be calculated for the period from March 2000

but at that time the house price index was extended to cover the whole country instead of the capital
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region covered previously. Hence, the first calculation will  cover 54 months. The rates will be

changed each month and added to the average till they have reached 60 months in February 2005. In

each month after that one month will be taken away and a new one added. This practice should

ensure that the short term changes in the real interest rates of housing mortages will not cause

significant volatility  in the monthly measurement of the CPI. On the other hand, it also secures that

long term changes in the real interest rates are taken into consideration.
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Randi Johannessen146: Owner-occupied housing in Norway: Why the
rental equivalence approach is preferred*

Abstract
The Norwegian consumer price index is meant to be a compensation index guided by the economic
theory of cost-of-living. The costs of owner-occupied housing are in the Norwegian CPI measured
by the rental equivalence approach. The paper focuses why Norway has chosen this approach in
spite of the relatively small rental sector in Norway and that the characteristics of the rental house-
holds are quite different from the owner-occupied households. Due to the hypotheses that the physi-
cal characteristics and the geographic location are similar for both rental and owner-occupied
dwellings we believe that the rental equivalence approach provides a good approximation for
owner-occupiers. Analyses of the rental sector shows that dwellings owned by private households
who typically own one dwelling in addition to their own residence, count for a significant propor-
tion of the rental dwellings. The housing market in Norway has also relatively few professional
landlords and almost absence of rent control.

Key words: consumer price index, cost of living index, owner-occupied housing, rental
equivalence, user cost function.

1. Introduction
In Norway the cost of living (COL) approach provides a conceptual framework for the Norwegian
consumer price index (CPI). An index supposed to provide an approximation to a COL index
should ideally relate to the costs of consumption or use, assuming that consumption or use rather
than acquisition provides utility. Especially in the case of consumer durables, which can have a
lifetime of many years, the distinction between acquisition and use is important. The purchase of a
durable can be considered as an investment, designed to provide consumption services over a future
time span. For practical reasons, the distinction between acquisition and consumption is ignored in
the compilation of the CPI, with one expectation: owner-occupied housing. A house has normally
an extremely long lifetime and is according to System of National Accounts regarded as a financial
investment.

Buying a house requires very high acquisition costs that usually are spread over time by taking out a
mortgage. It is reasonable to assume that living in a house each month generate a flow of consump-
tion services. It is within the COL framework to price the flow of these services - the monthly cost
of living in an own dwelling, see for instance Triplett (2001). For rental dwellings the price of the
service
- the rent - is covered in the CPI by a monthly rental survey. For owner-occupied dwellings, two
common approaches have been analysed:

•  Rental equivalence
•  User cost function

                                                
146 Statistics Norway
*

 The author would like to thank Lasse Sandberg for the help during the preparation of this paper.
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In rental equivalence approach, one estimates the change in monthly cost for owner-occupied
housing by the change in monthly rents for dwellings of similar types that are rented. This principle
was introduced in the CPI in august 1967 and is still used with some methodological modifications.

Another way to estimate the cost of owner-occupied housing is the user cost function approach. The
user cost approach originates from capital theory that relates the price of houses, the cost of pro-
viding housing services and the interest rate for housing investment. The user cost function ap-
proach has so far been rejected in the CPI due to the difficulties to implement a reliable method. In
this paper some of the difficulties will be emphasized together with some empirical results.

To illustrate the impact of owner-occupied housing based on a user cost function compared to the
rental equivalence measure, three alternatives of the user cost approach has been simulated based on
Norwegian data; interest rates, house prices, capital gains and depreciating rates. The first version
result in quite volatile and even negative user costs due to high capital gains. In this model both
unrealised and realized capital gains are included. In the next version, capital gains are reduced to
the share of dwellings actually disposed. Thus, only realized capital gains are included in the model.
This version leads to less volatile and only positive user costs for the period. The last version is
based on expected values of interest rates, house prices and thereby expected capital gains. The only
parameter affecting the user costs is the expected price movement of house prices. Thus, the index
is really smooth compared with the other versions.

The remainder of this paper is organized as follow. Section 2 and 3 describes the rental and owner-occupied
sector in Norway. Section 4 outlines factors that are supposed to determine the rent. In section 5 housing in
the CPI is described while section 6 discuss a user cost function as an alternative approach. Section 7 gives
some concluding remarks.

2. The rental sector in Norway
After the Second World War, Norway has become a country dominated by owner-occupiers. In
1960 around 40 percent of the Norwegian households were tenants. According to the Population
and Housing Census 2001, the rental share is now 23 percent. During the nineties there has been a
slight increase of the rental share probably due to rising house prices from 1993.

2.1 The supply of rental dwellings
Norway has a sufficiently active rental sector, though only a minority of Norwegian households are
tenants. The stock of rented dwellings is quite heterogeneous as regards both to the distribution of
different types of landlords and the size and type of dwellings. Rented dwellings can be divided into
the following segments:

•  Secondary units in single-family houses or in other house types
•  Other private dwellings owned by non-professional landlords
•  Public and privately dwellings owned for employees
•  Social rental housing
•  Private dwellings owned by professional landlords

A secondary unit means that the house is divided into one main and one secondary flat. Many sin-
gle-family houses in Norway are designed so that a secondary housing unit, normally situated in the
first floor or in the basement, can either be let out for hire or used as a part of the resident. Secon-
dary units in single-family house form a quantitatively important part of rental dwellings in Nor-
way. The segment other private dwellings owned by non-professional landlords includes dwellings
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owned by single persons (or household). Either the owner has an extra dwellings often acquired
through inheritance, or he is temporarily absent from his ordinary dwelling.

The two segments "secondary units" and "other private dwellings owned by non-professional landlords" are
the dominant types of private rental arrangements in Norway. These have one thing in common; the "land-
lords" are single persons or households. Furthermore, they typically own only one or a small number of
rental dwellings. For owners of secondary units the decision is to letting the house out on hire or use the unit.
Letting is correlated to the financial situation, e.g. when the mortgage is high, while own use often corre-
sponds with the family size or when the children are becoming teenagers. Owners of extra dwellings often
regard the dwelling as a financial investment and the decision is whether to let out on hire or to sell. Selling
often correspond with increasing house prices.

A rental dwelling is classified as being owned by a professional landlord if either a company owns
it or if it is privately owned and situated in a multi-family building, e.g. a block of flats, in which
the majority of the dwellings are rental units. The share of the rental sector held by professional
landlords is quite low in Norway.

Rental dwellings owned by employers (either in private or public sector) and let out for hire to em-
ployees also constitute a low share of the Norwegian rental sector. Hospitals and to some extent
armed forces mostly own those few dwellings of this kind that are still present in the housing stock.
However, this kind of rental dwellings is declining.

Social rental housing also counts for a low share in Norway. According to the Population and
Housing Census 2001, rental dwellings where the municipality works as a landlord count for less
than 4 percent.

The central idea in this paper is that the stock of rental dwellings in Norway does not consist of a
special type of dwelling. It is possible to find both small-occupied units and large rental units and
the rented dwellings covers different types of buildings. The geographical distribution of rental
dwellings is quite similar in both rural and urban areas. According to Norwegian Social Research
(2003), the rental share is 18 percent in the most rural areas while the rental share in the largest cit-
ies is just over 25 percent. In smaller towns the rental share various around 21 percent.

2.2 The demand of rental dwellings
The choice of tenure status is believed to be determined as a part of the financial and living situation
of a household rather than as characteristics of a dwelling. In Norway it is primarily young people
and to some extent the elderly who rent a dwelling. To rent has become a transitional phenomenon
for mostly younger people before starting a family and deciding where to live on a more permanent
basis. According to the Population and Housing Census 2001, the share of tenants in the age under
25 year is dominating. A relatively high share of tenants is also found among people over 80 years.
Around 1/3 of the tenants under age 30 is living with short-term tenancy agreements, while lifelong
tenancy is a much more common among elder tenants. During the last 10 years, the share of tenants
among younger people has increased slightly, especially in the capital city and other major cities.
This is probably due to increasing house prices

3. Owner-occupied sector in Norway
The tax advantage of owner-occupiers is probably one reason why households in Norway do prefer
to be owner-occupiers. Owner-occupiers pay income tax based on an imputed rental income. How-
ever, this income is calculated in a way that leads to a very low effective tax on the return of owner-
occupied housing capital. Before the imputed rental income is calculated a deduction is subtracted
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from the assessed value. Imputed rental income is set to 2.5 percent of the difference between the
assessed value and the deduction of a dwelling. The tax rate for imputed rental income is 28 per-
cent, the same as income from other assets. This rate applies for all taxpayers that are in a position
to pay capital income taxes. Interest payment is fully deductible in taxable income and the deducti-
bility is not tied to loans for specific purposes. Owner-occupiers (as well as landlords) can deduct
interest payment from the taxable income.

As a main rule, actual income net of operating costs, from rental dwellings is taxed as �normal�
capital income with a tax rate at 28 percent. However, owners of second units do not pay tax on the
actual income as long as the second unit covers less than 50 percent of the dwelling they actually
lives in.  In Norway capital gains on rented dwellings are taxed on realization.

According to Statistics Norway's House Price Index, the prices of owner-occupied dwellings147

have increased by around 70 percent in the period 1989 � 2003148. In the early eighties Norway ex-
perienced a liberation in the housing market and in the giving of credit. This caused a major in-
crease in the house prices. In the period 1989 - 1992 Norway faced a recession corresponding with a
major decrease in the house prices. Since 1993 the house prices has grown by an average of around
9 percent each year. However, after the year 2000, the prices increase more slowly. The develop-
ment in the house prices is illustrated in figure 1.

The yearly average nominal interest rate on mortgage accessible from all commercial and savings
banks has decreased from almost 15 percent to nearly 5 percent in the period 1989 - 2003, see fig-
ure 1.

As illustrated in figure 1, both owner-occupied housing and the overall CPI have had a similar
growth from 1989 - 1999. After introducing some methodological changes in the method of esti-
mating the implicit rent of owner-occupiers in 1999, the owner-occupied housing has increased
more than the overall CPI.

Figure 1. The development in interest rate, house prices, owner-occupied housing and the
overall      CPI from 1989 - 2003. Index 1998=100. Interest = change in percent.

                                                
147 Household living in co-operatives are according to the principle of National Accounts, classified
as owner-occupiers in CPI. The increase in owner-occupied dwellings includes housing co-
operatives.
148 From 1992 - 2003 the figures are based on Statistics Norway's House price index. From 1989 - 1991 figures from
Norwegian Association of Real Estate.
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4. Rent determining factors
To a certain extent the rents are a function of the characteristics and geographical location of the
dwellings. Other factors that are supposed to determine the market rent of dwellings are:

•  Supply and demand of rental dwellings
•  The behaviour of the landlords
•  The behaviour of potential tenants
•  Tenancy agreement (contracts) and rent acts

4.1 Supply and demand of rental dwellings
In a perfect competitive market all agents are small, the products are homogenous and the agents
believes that the market price is given and the agents action do not influence the market price. If
this was the case in the rental and owner-occupied sector, the dwellings would have been homoge-
nous and consumer world not have preferences over tenure. Both sectors would have been competi-
tive; hence neither the tenants nor the landlords would have power to set the prices.

Much of the rental dwellings in the Norwegian rental sector can be sold to owner-occupiers, and owner-
occupied dwellings can be transformed into rental dwellings. Hence, the dwellings are highly heterogeneous
yielding thin segments in which the landlords or owners of private dwellings have some sort of market
power. The fact that owners of extra dwellings and second units quickly can withdraw from the rental sector
will influence the rent of the existing stock of the rental dwellings.

The owners of extra dwellings often regard the dwelling as a financial investment. The decision is whether to
let out for hire or to sell the dwelling. The rent must be high enough to cover the operating cost, e.g. mainte-
nance, repairs, insurance, water sewage, chimney sweeping, heating, etc, and give a capital gain at least as
high as an alternative investment. With increasing house prices, it is reasonable to assume that the extra
dwelling will be sold and thereby reduce the stock of rental dwellings. This could lead to maintaining of the
existing rent or even an increase within a specific area. Due to increasing house prices potential buyers of
houses may be forced to rent instead of buying, at least temporary until the house prices starts to decrease.
Assuming the supply of dwellings fixed, this would lead to increased rents. However, increasing house
prices is often corresponded with falling interest rates. If the fall in the interest payment is relatively higher
than rise in the house prices, consumers may still afford to buy a house instead of renting.

Professional landlords with many dwellings to let out for hire do not have the same opportunity to
immediately sell the dwellings and thereby withdraw from the rental sector. In general, private
landlords do not care who the tenants are as long as they are reliable payers. It is assumed that these
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professional landlords have the highest asking rent for rental dwellings and the most price-
determining behaviour. If decreasing demand for rental dwellings, one strategy to maintain the rent
at a high level is keeping some rental units vacant for one or more periods.

Owners of single family houses that are split up into a main and a second unit have normally not the
opportunity to sell only one of the units. The choice is whether or not to let out for hire the second
unit. The owners of second units have an increased tendency of let out for hire when facing high
costs, e.g. interest payment or/and operating costs. Keeping all other factors constant, high costs
should increase the supply of rental dwellings and thus decrease the average rent level. Simultane-
ous, if the owners become unemployed, he is likely to rent out for hire to compensate for lower in-
come. Still, it is reasonable to assume that the opportunity to help relatives and/or friends by letting
a given part of the house yields a positive utility for the owner. Hence, the rent for second units may
be lower than the actual market rent in the specific area.

Recently Norwegian households has experienced repeatedly fall in the interest rate. It is reasonable
to assume that this will reduce the supply of rental dwellings like extra dwellings and second units
and thus keeping the average rent at the same level or even increase it.

Assuming a tax-reform that keeps the tax-advantage of owner-occupiers but at the same time intro-
ducing tax on net rental income149 from second units at the same rates as net rents from other types
of rental dwellings. Full taxation of net rents would most likely decrease the supply of this kind of
rental dwellings. Changes in the taxation of the return of housing capital, e.g. a reduction in the tax-
advantage of the imputed rental income, will probably increase the demand for rental dwellings.

On very short term, one must assume that both the supply and demand for rental dwellings is given.
The market rent will than depend on among others the solvency of potential tenants. A practice of
arranging a showing of the dwelling for several potential tenants is common in Norway. The op-
portunity of viewing the dwelling before renting it is crucial for tenants to decide whether to rent a
specific dwelling or not. If a specific dwelling is situated in a very popular area, e.g. near downtown
or close to a university, this practice may even cause an increase in the rent because several poten-
tial tenants will bid to get the dwelling. However, if a specific rental dwelling is located in a less
popular area, this could lead to a negotiating and thus a decrease in the rent.

As mentioned earlier one characteristic of tenants is that renting often is a choice for households
who plan to stay for quite a short time in a dwelling. One can assume that short-term tenants are of
less concern regarding the actual level as well as the future development of rents

If a tenant wants to change tenure or remains a tenant but wants to move to another rented dwelling,
he would face moving costs. It is reasonable to assume that the presence of moving costs causes
tenants to move less frequently and that a landlord (or owner of private dwellings) in a situation
with decreasing rents thus will maintain the rent level.

4.2 Contracts and rent acts
Contracts in the rental sector are either of fixed duration or by request (at-will). Less than 30 per-
cent of tenants have no contract mostly due to that they rent from family or friends. About one-half
of the tenants in the Norwegian rental sector have at-will contracts while around 20 percent have
short-term contacts of three years duration or less. The Norwegian Rent Act from 1999 states as a
general rule that a dwelling cannot be let out for a shorter period than three years. The tenant can
end terminable rental contracts when they want, whereas the landlord faces strict requirement for
giving a tenant notice to move out.
                                                
149 Net rental income equals rent minus the operations costs of a rental dwelling.
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The act accepts the going market rent for new tenancies. However, according to the act, the market
rent is never to be regarded as unfair. Only a rent that is unreasonable high compared to the market
rent causes the contract unlawful. Further, the act opens for rent in ongoing tenancies to be adjusted
to the market level. This favours the landlord when the rents are rising and the tenant when rents are
falling. The Rent Act allows index regulation of the rent on an annual basis based on the CPI.

5. Housing in the CPI

5.1. The rental survey in the CPI
The monthly cost of living in a house is in the CPI covered by a monthly rental survey with about 1,300 responses from tenants.
The sample of tenants is drawn from the population of tenants from the Population and Housing Census 2001. The sample is drawn
by probability sampling techniques. The sample of rental dwellings corresponded with the tenants in the sample is kept fixed. This
means that whenever a tenants move, a new tenant in the specific dwelling should be captured unless the new occupant is an
owner-occupier. In this way both new and ongoing tenancies are being captured by the monthly rental survey. A new sample of
tenants is drawn annually.

The sample is established through a postal scheme that together with the attributes from the Population and Housing Census gives
quite a few characteristics of the rental dwellings as well as some characteristics of the tenants. When the sample is established,
the collection of the rents is conducted monthly by a computerized assisting telephone interview. This interview gives an opportu-
nity to ask the tenant several control questions, e.g. about the change in the rent and change in tenure.

5.2. Rental equivalence approach
The rental equivalence approach uses information from the rental sector to estimate owner-occupied
housing. It can be argued that the cost of living in an own house cannot be less than the rent that one
can receive from a tenant. An owner-occupier always forgoes this amount when he lives in his own
house. It can also be argued that over a long period, the cost cannot be greater than the rent of simi-
lar rental dwellings, assuming the existence of a sufficiently active rental market, since the owner-
occupier always has the possibility of acquiring equivalent housing services at this price.

The rental equivalence approach is incorporated in the CPI given the assumption that the rents charged are a
function of the characteristics and geographical location of the dwellings. The approach was adopted in
august 1967. However, a major methodological change was conducted when the consumption classification
COICOP150 was introduced in August 1999. Among others, the possibility to identify changes in rents, e.g.
publicly subsidized rents that are not representative for owner-occupiers and recognize rental dwellings of
similar types to owner-occupied dwellings were improved. The approach is since 1999 used both to derive
the expenditure share as well as the implicit rent movement for owner-occupiers. Before 1999, the index of
owner-occupiers was assumed to follow the average growth in the rents for both rental- and co-operative
dwellings as a whole and the expenditure share was deducted from expenditures on the mortgage interest
rate.

There are several strong objections to the rental equivalence approach. Firstly, if rent control and
publicly subsidized rents are dominant, changes in rents may not measure monthly costs for owner-
occupies dwelling as well. In Norway rent control is limited to a few types of dwellings in limited
areas and publicly subsidized rents are not central.

There is also the argument that owner-occupied and rental dwellings are different markets and their
prices do not move together. Another strong objection is that rental market is "thin" when it comes
to the exact type of housing that is owner-occupied. The primary assumption when introducing the
rental equivalence approach is whether data from rental dwellings can be used to develop measures
that are representative of owner-occupied units. As discussed above, the Norwegian rental sector do

                                                
150 Classification of individual consumption by purpose.
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not consist of a special type of dwelling and that much of the rental dwellings as well as owner-
occupied dwellings can easily be converted between tenures.

Analysing the monthly rent survey shows that geographical locations as well as the size of the
dwellings gives a significant explanation of the rent level. To derive appropriate expenditures of
owner-occupied housing, the data from the rental survey is therefore stratified into geographical
regions and the size as well as the type of dwellings.

Based on the rent survey the index of owner-occupied housing in the CPI has increased by around 20 percent
for the period August 1999 - December 2003. The index has grown steadily during the period August 1999
to the turn of the year 2002/2003. After this, the index shows a more decreased growth-rate but still positive.
January each year shows a greater change than the rest of the months.

6. The user cost approach: an alternative ?

6.1 User cost function
If the rental sector is not representative to provide a good estimate of the cost of owner-occupied
housing, the user cost function is an option. One controversial factor is that this approach includes
both investment as well as consumption elements.

A simple formulation of the monthly cost for a household, Cm, could be expressed as:

1. [ ] mmmmmm dPPPPiC +−−= −1
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where i is the appropriate interest rate for housing investment, P is the price of the house itself in
month m, Π is equal to the change in the average house price from one month to another, that
means the capital gain (or loss) and d is a fixed rate of depreciating - the potential rate of deteriora-
tion of the physical capital (the dwelling).

Introducing tax into the user cost function gives the following expression:

3. ( )[ ] 11 −Π−+Τ−= mmmtmm PPdiC

Rewritten as:

4. 1−Π−= mmmmm PPaC  where  ( ) dia tmm +Τ−= 1

where Tt is the tax rate in year t.

A rise in the house prices has two effects on user costs. As seen in equation (4) the direct effect oc-
curs because the house price is multiplied by interest and depreciating rate. The second effects is
due to that capital gains lower users costs while capital loss will cause higher user costs.

Rearranging expression 4 gives:
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a  is always positive, while the capital gain (or loss) mΠ is correlated to the

development in the prices of dwellings. Decreasing prices of dwellings yields positive user costs,
while increasing prices of dwellings cause either a positive or a negative user costs depending on
the size of the capital gain. When capital gains are high (typically when house prices are speeding
up), they may be large enough to create negative user costs. Once house prices starts to fall, the user
costs will become sharply positive. This is one of the main difficulties with the user cost function.

The effect of tax changes depends on the relationship between interest payment and the imputed
rental income and the size of these two components. A lower tax-rate will cause lower deducted
interest payment. If the interest payment is higher than the imputed rental income, the user costs
will increase. However, if the interest payment is lower than the imputed income, the user costs will
decrease.

Due to the low effective tax on owner-occupied housing capital, the tax-parameter will be ignored
in the simulation of household's user costs. Operating costs such as heating and maintenance are left
out as well since they are rather unproblematic to measure. The index from one month to another is
thus given by:
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In the simulation of the user cost below, month will be replaced by quarter since the data used are
on a quarterly basis.

The user cost above is a rather simplicity of the real world, assuming active rental and re-sale mar-
kets, no uncertainty and no friction cost. When a household is buying a house, normally both a
mortgage as well as own equity is required to finance the investment. In the expressions above the
mortgage interest rate is assumed to equal the opportunity cost of equity capital151. The reason why
is the difficulties to estimate an appropriate indicator of the equity capital due to all the existing
alternative investments.

An attempt to estimate an actual historic user cost for the period August 1999 to December 2003
has been done. Three different alternatives have been simulated for this period. Version 1 and 2 can
be regarded as historical user costs, while version 3 is future user costs based on expectations in
July 1999.

In all the three alternatives the market capital value of the stock of owner-occupied dwellings by the
end of 1998 as estimated in the National Account is used to get a "reference price level" of owner-
occupied dwellings. To get the running market value of the stock of owner-occupied dwellings,
each quarter the stock of dwellings is being multiplied with the change in Statistics Norway's House
price index.

                                                
151 Gillingham (1983), defines a user cost function where he separates the (unpaid) mortgage and the equity (the amount
sum to the price of a house), and introduces an interest rate on the equity as well.
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The House price index is used as an indictor of the development in the house prices. This indicator
is quarterly and is based on registered purchaser prices of all dwellings sold on the open market
during the quarter in question. For co-operatives, both deposit and joint debt is included in the price.
To estimate the index, Statistics Norway receives data from the Norwegian Association of Real
Estate agents and The Association of Real Estate Undertakings, as well as other real estates agen-
cies that are not members of these associations. The House price index is quality adjusted due to
characteristics of the dwellings.

The interest rate is an average of the nominal quarterly mortgage interest rate from all possible
commercial and savings banks. This interest rate varies from 4.4 to 9.5 percent during the period.
The depreciation rates are in National Account a fixed annual rate of 2.5 percent.

In the first model, the capital gain (or loss) is measured as the change in the value capital of dwell-
ings due to the development in the House price index. That means that both unrealised and realized
capital gains are included in the model. Hence the user cost is influenced by the total change in the
value of the investments (the dwellings).

It is an important question whether the CPI should be influenced by unrealised value changes. In the
second alternative we use the same data as in the first model except that the capital gain is reduced
to count only for the share of owner-occupied dwellings that has been disposed in each quarter. This
will normally lead to positive user costs. Of course, limit the model to the actual realized capital
gains is no guarantee that the user costs always will be positive. If a sufficient part of the stock of
dwellings is being disposed, this can lead to quite high capital gains and thereby negative user costs.
However, according to the statistics on transfer of properties, the share of the dwellings that are
disposed each year is limited to around 10 percent.

A further way of smoothing the user cost is to introduce a long-term fixed interest rate and an ex-
pected rate of capital gain. The reason for estimate user costs based on a long-term expected interest
rate is due to the assumption that short-term changes in the interest rate are of concern to financing
and not housing consumption. Formally such a user cost function can be expressed as:

6. ( ) ( ) 1−ΠΕ−Ε= mmmmm PPaC

where E indicate the expected values of the cost elements, future house prices and capital gains.

In the version based on expected interest and house prices, none of the data except for the market
capital value of the stock of owner-occupied dwellings by the end of 1998 is being used. Given the
assumption that owner-occupiers are likely to take a long-term view on their costs, the 10-years
interest rate on government bonds is chosen to represent the interest rate of mortgage. The expected
trend in the movements of the house prices is based on the historic movement for the period 1989 -
1998. This would normally provide a user cost function that is less volatile and has a more similar
trend to the index based on the rental equivalence approach.

6.2 Results
As illustrated in figure 2, 3 and 4, none of the three versions of the user cost track the rent move-
ment that has been incorporated in the CPI in the period August 1999 - December 2003. Appendix 1
gives a briefly overview of the basic findings.

The first version gives (as expected) an extremely volatile index and in some periods even negative
user costs due to major increases in the capital gain from one quarter to another. The costs per
household are shown in figure 2. The changes in the capital gain are corresponded with the changes
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in the nominal interest rate. The volatility in the user costs per household is caused by the great
variation in the capital gain from one quarter to another.

Figure 2. User cost per household (version 1). Figures in EURO.

By reducing the capital gains to the share of dwellings actual disposed in each quarter, negative user
cost is avoided. However, as illustrated in figure 3, the index is still volatile due to changes in the
interest rate. The growth in the index is much bigger compared to the rental equivalent approach,
except for 2003 where the index is falling. This period correspond with decreasing interest rate.

Figure 3. User cost index, version 2. July 1999=100
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The third version based on an expected long-term fixed interest rate and expected increase in house prices, is
illustrated in figure 4. In July 1999 the long-term interest rate on government bonds was 5,8 percent yearly.
The development in house prices and thus the capital gain is based on what household in 1999 would have
expected for the next 10 years. However, household expectations are normally based on adaptive expecta-
tions, hence the price trends as observed. Assuming that households for the period 1999 - 2009 expect the
house prices to develop as they did in the period 1989 - 1999 will give an average increase of only 2.0 per-
cent each year due to the recession in the period 1989 - 1992. If households in 1999 instead did expect the
house prices to growth by the same rate as the latest 5-years period (1994 -1998), this would imply an aver-
age of almost 10 percent each year.

As seen in the figure, taking the long-term interest rate and the historical average house price trend
really smooth the index. Since both the expected interest rate and the expected capital gain are kept
fixed, the only difference from one quarter to another is the increase in house prices. If the house
prices were expected to move as they did from 1989 - 1998 (2.0 percent on average each year), the
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third version is contributing less to the overall CPI since the expected house price trend is lower
than the actual growth in the rents in the same period. However, if households expected the house
prices to growth as they did from 1994 � 1998 (9.8 percent on average each year), the user cost ap-
proach would have caused higher monthly costs of owner-occupied housing than the rental equiva-
lence approach. As a comparison the yearly average house prices increase has been around 8 per-
cent in the period 1999 - 2003.

Figure 4. User cost index, version 3. July=100
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7. Concluding remarks
The purpose of this paper has been to conduct a theoretical and empirical framework to establish
that the rental equivalence approach is appropriate to measure the cost of owner-occupied housing
in Norway. The reason why we believe that the rental equivalence is conducting an adequate esti-
mate of the owner-occupied cost is among other that the distribution of rental- and owner-occupied
dwellings by characteristics covers essentially the same area in characteristics space.

From an operational point of view, the rental equivalence is also preferable due to the short-term
volatility of a basic user cost function. Given the use of the CPI, e.g. escalate both private and pub-
lic expenditures and judging the impact of observed wage and salary changes upon consumer stan-
dard of living, one important question to be answered is whether changes in house prices and inter-
est rates should influence these. From a practical view an index based on less volatile components
are more appropriate when it comes to escalate private and public expenditures. Volatile and nega-
tive user costs are avoided by incorporating expected future changes in the house prices and a long-
term fixed interest rate into the user cost function. However, introducing values based on expecta-
tions in the CPI raises the question of whose expectations and how to measure such future changes
in an appropriate way.

As discussed by Triplett (2001), the treatment of owner-occupied housing in consumer price indices
is a central issue in the debate between advocates and opponents of the COL-theory. For instances
Turvey (1999) presents several arguments against inclusion of imputed values to represent the cost
of owner-occupied housing. Regarding the Harmonized Consumer Price Index (HICP), Eurostat has
rejected the rental equivalence approach because it is considered as imputation. Among others Eu-
rostat argues that imputed rents are the opportunity costs to owner-occupiers of living in their
houses rather than a reflection of actual prices faced by them as consumers. However, the HICP is
considered as an inflation index and according to Eurostat no opportunity costs are regarded as part
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of inflation. More information about owner-occupied hosing in the HICP is given in Eurostat
(2000).

In the spring 2001, The Central Bank of Norway was given new guidelines for the monetary policy.
The central bank is instructed to apply the instruments of monetary policy to establish stable and
low inflation. The operational target is an annual growth in consumer prices that over time is near
2.5 per cent. In general, the direct effects on consumer prices resulting from changes in interest
rates, taxes, excise duties and extraordinary, temporary disturbances shall not be incorporated into
the central bank's monetary policy decisions.

To provide an appropriate target for the monetary policy, Statistics Norway has developed a con-
stant tax index based on the CPI adjusted for both real changes in taxes and energy prices (CPI-
ATE). The use of a user cost approach would introduce interest rates into the CPI. Since changes in
interest rates should not be incorporated in the monetary policy decisions, owner-occupied housing
eventually based on a user cost approach, also must be removed from this constant tax index.

Further work will be done to improve the rental survey within next year. Among others, the sample
will be increased and the use of a hedonic rent index will be considered.
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Eugen Koev: Combining Classification and Hedonic Quality
 Adjustment in Constructing a House Price Index

Abstract
Statistics Finland has relatively long experience in constructing indices of prices of old flats using
both classification and time-dummy hedonic approaches.  Each method has proved to have draw-
backs. The feasible classification may be too rigid to capture relevant quality changes and the stan-
dard time-dummy hedonic approach is not easily interpretable in the context of traditional index
number theory. To overcome the disadvantages of these methods the two approaches are combined.
A hedonic-method quality adjustment is performed within each cell in a classification and then the
index is computed by aggregating cell level quality adjusted prices using an index number formula. It
is shown, that each step of the procedure has a very close analogue in the standard practice of statisti-
cal offices. A method for evaluating the aggregate contributions of the different characteristics on the
overall quality adjustment is developed in order to make the hedonic method more transparent in the
context of classical index number theory. Special attention in the discussion is paid to the interpreta-
tion of the age profile of house prices, since they are a mixture of two distinct, but empirically non-
separable effects having different implication for the quality adjustment.

The method is applied for estimating quarterly indices for Finland during 1987-2000   using very
large high-quality register data on all free-market transactions of dwellings in old blocks of flats and
terraced houses. It turned out that the quality adjustment of the index was important in evaluation of
short-term price movements on thin markets. In the long run the quality adjusted index series do not
differ in any substantial way from the simple price averages trend, at least at aggregate levels. The
reliability of the index is evaluated by simulation.

The method described in the paper is used in the Finnish official House Price Index 2000=100.

JEL Classification System: C43, E31, R31
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Introduction

Most papers related to research in the field of price measurement are, unfortunately, disregarded by

official statistics as too complicated and many academic researchers frown at official statistics for

their rather unsophisticated nature. This paper is based on past experiences and current research

whose results are used in the  construction of the quarterly house price index published by Statistics

Finland. Hopefully the topic will keep practitioners interested and at the same time the argumenta-

tion will satisfy academic readers as well. The discussion of methods used in compiling house price

indices is currently particularly relevant, since issues related to prices of owner occupied houses

have started to attract attention as it seems likely that housing expenses in owner occupied housing

will be included in the European Union's Harmonised Consumer Price Index (HICP) via an index of

prices of new dwellings.

As usually in the case of complex goods, the main concern in constructing a house price index is the

quality adjustment method and regression methods for quality adjustment have a central place in

our discussion. In the context of real estate and house price indices research in the field has been

very much influenced by the fact that in the long run more than one sale of a particular  dwelling

will be observed. The first chapter of the paper is an overview of the mainstream methodology for

constructing real estate indices. It covers the  repeat-sales regression method suggested by Bailey,

Muth and Nourse (1963) and further developed by Case and Shiller (1987) as well as the modern

so-called hybrid-type models,  for which an already classical reference is Quigley (1995). The

chapter contains a discussions of the different assumptions behind these methodologies and points

out, that all of them strongly rely on  time-invariance of the regression parameters,  an assumption

which is dubious for long time spans.

The second chapter of the paper is a history of the House price index published by Statistics Fin-

land. The standard classification method and the time-dummy hedonic method used in the past are

presented and their shortcomings are discussed from the point of view of official statistics. The

author's perception is that a very important  concern of statistical agencies is how to link a regres-

sion based quality adjustment  to the paradigm of classical index number construction methods in a

way that ensures good transparency of the results. In chapter three an index construction method

based on classification and within-class hedonic quality adjustment is proposed. To enhance the

transparency of the procedure a method for evaluating the size of the overall quality adjustment and
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decomposing it into factors attributable to the different characteristics included in the hedonic re-

gressions is developed.

Chapter four presents the data source, the empirical models and the regression estimation results. A

section on the interpretation of the age profile of house prices is included. It turns out to be very

important to distinguish between vintage and depreciation effects, which are both captured in the

age profile. A method aiming to separate the two proposed by Englund, Quigley and Redfearn

(1998)  seems to be based on inappropriate identification of the regression coefficients. The author

concludes that without outside sample information it is not possible to separate the two effects. It is

argued that in the Finnish case interpreting the age profile as reflecting vintage rather than depre-

ciation effect is the less erroneous assumption.

In chapter five the estimated  quarterly indices for 1987-2000 are discussed. Data on all transactions

of dwellings in housing share corporations provided by the Finnish tax authorities is used. The im-

pact of the quality adjustment procedure is evaluated against the benchmark case in which sample

characteristics quality differences are controlled for only by classifying the data. The reliability of

the index is evaluated by a simulation method.

It is concluded, that the developed method is applicable generally in cases requiring complicated

quality adjustment, such as wage indices.
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1.Hedonic Indices for Real Estate Prices: an Overview

Hedonic indices are based on estimating the price relationship between the qualitative characteris-

tics of a complex commodity and its market price. Theoretical foundations of the hedonic method

are provided already by Rosen (1974) and Triplett (1983).  In the context of housing prices the es-

timation of hedonic indices and the discussion around them differs in certain aspects from the dis-

cussion in the other typical application field of the technique, namely indices for consumer durable

goods such as cars and computers. This is due to the differences in the nature of the markets and the

data generating processes.

In the case of  durable goods the use of  hedonic technique is viewed as a means of accounting for

the rapid technological quality improvement and the perpetual change of the durable goods on the

market. In the case of housing price (or in general real estate) indices the need for regression mod-

elling  arise from the nature of the dwellings as goods and the specific features of the housing mar-

kets rather than rapid technological change.

House prices react quickly to changes in the economic environment and are considered an important

economic indicator, so a real estate  price index should be produced at least on a quarterly basis,

many users would prefer a monthly one. At the same time the number of real estate sales over a

short time period present only a very small fraction of the stock and not even all of them may be

available for compiling the index. Each dwelling is endowed with an (almost) unique set of charac-

teristics which determine price, giving rise to  very large cross-section price differences. Under

these circumstances it is very likely that observed price differences in different time periods as

measured by simple statistics such as mean- or median change, or an index based on rough stratifi-

cation of the dwellings will reflect changes in the quality mix of the dwellings. It is also possible

that the quality mix of dwellings is systematically different in economic upturns and downturns,

demographic changes may also shift sales towards dwellings endowed with some particular char-

acteristic. One might expect an increasing transaction share in economically vivid regions with

growing population. Such phenomena also render price measurement based on simple techniques

potentially imprecise and even misleading.

Empirical research on regression methods for property price indices is grossly influenced by the

possibility to observe the sales price of the same property (dwelling) at different time periods. In

data sets covering a long time span some dwellings are sold more than ones and thus a subset of the
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data forms a panel. This particular feature of data on property prices has been recognised already in

the very early research in the field and efficient utilisation of the panel information has become a

major part of the mainstream research programme. In the following we try to summarise the theory.

1.1 The Repeat Sales Model

To introduce the notation, suppose, that the price of a dwelling is determined by the following

rather general specification:

itit εζα         )1.1( ++′+= itttitp xββββ

The subscript i refers to a specific dwelling and t to the time period of the sale.  pit is usually the

log-price of the property, but it may be some other transformation of the price, xit are the observed

characteristics, αt is an unknown  constant and ββββt is an unknown parameter vector. ζ it is a dwelling-

specific term reflecting idiosyncratic price effects and εit is a statistical error. Without loss of gener-

ality the normalisation  E(ζ it )=0 can be assumed. Empirical models in the literature are derived by

assuming a specific structure of  the error term and possibly restricting the parameter vector.

In their pioneering work  Bailey, Muth and Nourse (1963) rely completely on a sample of repeat-

sales. Suppose that a property is sold in periods τ and t , τ > t.  Assume that the property has re-

mained in every respect the same between the two periods, i.e. both its observable and unobservable

characteristics have not changed. Assume further that there is no change in the relative market

valuation of the characteristics. These assumptions imply that  xiτ= xit,  ζζζζ iτ= ζζζζ it and  ββββτ = β = β = β = βt . In this

case the price difference of  the dwelling i between τ and t is:

)ε-ε()α-α(                  )2.1( itiτττ +=− titi pp

This extremely simple model can be estimated by ordinary least squares (OLS)  under the assump-

tion that )ε-ε( itit are independent with zero mean and constant variance. By appropriately normal-

ising the coefficient for the initial period α0, one gets the desired index directly from the coefficients

αt.

A more sophisticated variation of (1.2) proposed by Case and Shiller (1989) has become a bench-

mark case in the literature. Case and Shiller argue, that the property-specific value captured in the

term  ζζζζ it in equation (1.1)  experiences random shocks over time:
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where νit is white noise and hence ζζζζ it is a random walk. Under these assumptions (1.2) becomes

)ε-ε()ν -ν()α-α(                   )'2.1( itiτitiτττ ++=− titi pp

In the specification (1.2') the error term has two components and is heteroscedastic, since the vari-

ance of )ν -ν( itiτ  depends on the length of the interval (τ-t). Case and Shiller develop an obvious

feasible generalised least squares (GLS) estimator, in which the squared OLS residuals of (1.2') are

used in an auxiliary regression on a constant term and the interval (τ-t) to obtain estimates of the

variances of νit and εit.  These are then used to form the appropriate weight-matrix and re-estimate

(1.2') by GLS.

The appeal of the repeat-sales  model is that there is no need to know anything about the price-

characteristics relationship, such as what are the relevant characteristics and the correct functional

form. In this sense specifications (1.2) and (1.2') are robust. However, it assumes that the price-

characteristic relation, whatever it is, is constant over time and  that all characteristics of the prop-

erties are unchanged152. A very serious problem with the procedure is that it is extremely wasteful

in terms of observations, since price information for properties whose selling price is observed only

once is simply thrown away. An even more serious objection to the method is that properties sold

more than once within a short time period are likely to be a non-random and non-representative sub-

sample of all sales and hence the estimated index will be biased. These drawbacks of the method

have been recognised in the 90's and have lead to much empirical work, whose purpose has been to

develop procedures, which recognise that a subset of the data forms a panel (multiple sales of the

same property), but makes use of the information of properties sold only once. Such methods are

normally referred to in the literature as "hybrid".

1.2 The "Hybrid Models"

The insight of the  "hybrid" models is that the panel of properties sold more than once may provide,

under certain assumptions, the possibility for more efficient estimation than simply a pooled OLS

procedure will do.  Assume  that ββββt is time invariable, i.e. ββββt=ββββ. Then equation (1.1) becomes

                                                
152 In  research based on "pure" repeat-sales methods this assumption is normally checked and only observations satis-
fying it are selected from the data
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Under standard assumptions for the structure of the composite error term itit εζ + , pooling all obser-

vations and using OLS will provide consistent estimates of the regression parameters. However by

recognising the panel structure of the repeat-sales subset of the data, estimation can be improved in

certain cases. The seminal paper of Quigley (1995) shows  how the repeat-sales can be used first, to

distinguish between effects of observed characteristics in the vector xit and unobserved ones cap-

tured in the idiosyncratic term ζ it, and second, to improve estimation efficiency by appropriate GLS

procedure. Following Case and Shiller, Quigley (1995) assumes that the idiosyncratic term is de-

scribed by (1.3), that is ∑
=

+ = 
t

j
ijiit v

1
ζζ  where νij is essentially a white noise153.  Then by re-

arranging the error terms of  (1.4)  and defining ∑
=
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t

j
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1
εη one obtains
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The following structural assumptions are made: E(ζ i)=0, E(ηit)=0,  E(ηit ηjτ) =0, E(ζ iζ j)=0,

E(ζ iηjt)=0, E(ζ i)2=σ2
ζ , E(ηit)2=σ2

η for all i≠ j and t≠ τ and E(ηit-ηiτ)2 is  a quadratic polynomial of

(t-τ). The proposed estimation procedure is the following. First (1.4') is estimated using the sample

of repeat-sales. The idiosyncratic effects are explicitly modelled by including property-specific

dummies.  The squared residuals of this model are then used to estimate σ2
η and the time structure

of E(ηit-ηiτ)2. Then the model is estimated using again the same repeat-sales subset, but this time

without the property-specific dummies. The squared residuals of this model together with the esti-

mates of σ2
η  and the time-structure of E(εit-εiτ)2 from the previous step are used to estimate σ2

ζ. The

structure of the variance-covariance matrix of (1.4') is now completely identified and in the final

step all observations are used to estimate the equation by GLS.

1.3 Discussion

Different estimators are consistent and efficient under different conditions and  choice of the most

appropriate one is largely dependent on what particular problems the researchers think are of pri-

mary importance for the phenomena under study in general and for the particular data set used. Re-

peat-sales methods avoid a lot of modelling uncertainty related to omission of relevant explanatory
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variables and  functional specification of the regression. Although bias due to non-randomness of

the repeat-sales is recognised as a possibility by Quigley (1995), the hybrid method is primarily

concerned with efficient use of all sample information and not with sample selection bias. This is

because if the subset of repeat-sales in a data is a result of a non-random process, then the estima-

tion results of the first step of Quigley's procedure, which relies on repeat-sales, are potentially bi-

ased and it is not self-evident whether the overall estimation is consistent. However, efficiency is

achieved by imposing explicit structure of the regression function, a feature which pure repeat-sales

methods avoid.

There are some other aspects of the hybrid model worth discussing. The procedure can be inter-

preted as an estimation of an unbalanced random-effect panel model. The central assumption of

such models is that the two error terms ζ i and ηjt are both non-correlated with the observable vari-

ables The efficiency gain of the hybrid model estimator over either pooled regression or repeat-sales

models comes from utilisation of both between-unit and within-unit price variability. Pooled regres-

sion utilises only between-group and  repeat-sales only within-group variability (see Greene,1997,

618-620). Knowing this fact, it is not surprising that a normal empirical finding is that the hedonic

index  based on hybrid models has narrower confidence intervals as compared to estimates obtained

from either pooled regression  or repeat-sales.

Estimation of both the repeat-sales and the Quigley's hybrid model heavily relies on the assumption

that the relative valuation of the different characteristics of the property are constant over time, im-

plying time-constant parameter ββββ. This assumption is very restrictive for analysing data collected

over 10-years long time period as is the case e.g. in Case and Shiller (1979), Quigley (1995),

Englund, Quigley and Redfearn (1998 and 1999).  Meese and Wallace (1997) test different as-

sumptions of the repeat-sales and the hybrid model. One conclusion is that estimates of  β based on

either repeat-sales or  single sales are statistically different. The result is interpreted by the authors

as supporting the hypothesis that repeat-sales prices are unrepresentative.  The hypothesis of time-

constant β is also rejected in this research based on data from two cities in 1970-1988.  The authors

suggest as an alternative a non-parametric regression specification allowing for time-variable  pa-

rameters.

                                                                                                                                                                 
153 I slightly re-interpret Quigley's (1995) presentation and don't go into full detail, he assumes for example a more
complicated structure of the variance of the  term  νt , but this is not relevant for the discussion.
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As obvious, there is not necessarily a best solution, since under different assumptions different pro-

cedure may be best. The author's opinion is that arguments against use of pure repeat-sales models

are compelling.  For time-periods of  several years the assumption of  parameter constancy in the

case of houses is reasonable, so a hybrid-model of the type that Quigley (1995) suggests might be

considered a good solution for short index series. However, the efficiency gain of utilising  the re-

peat-sales information in estimation of the index is proportional to the fraction of repeat-sales in the

overall data. The shorter the time span over which estimation is performed, the smaller the repeat-

sales fraction and the smaller the benefit. Moreover, repeat-sales over short time periods are most

likely subject to severe selection biases (in the very long run any house will be eventually sold more

than once). For long time periods the hypothesis of parameter constancy has no a priori grounds,

and as the work of Meese and Wallace (1997) shows, is likely to be violated. This considerations

suggest that research in the field should perhaps be focused more on flexibility and robustness of

the proposed methods rather than on their relative efficiency under perhaps unduly stringent as-

sumptions.

From the point of view of official statistical agencies, there are several aspects to be considered

when interpreting the research results and their suggestions. This requires some clarification of the

language and the normal practice of statistical offices. The starting point of classical price index

theory is that there exists a complete list of all goods and their unit prices. The items in that list are

the same at all times. To make the concept operational, statistical offices would devise a classifica-

tion of the goods into homogenous classes, so that goods within each class are (presumably) close

substitutes. Today the classifications are increasingly co-ordinated at international level. Then from

within each class one or several precisely specified items will be selected and their unit prices will

be followed e.g. each month.  The choice is normally made on some notion of representativeness of

the items such as market share in the class.  The observed prices of an item in the base and compari-

son periods form a �matched pair�. The precise specification of the items to be followed ensures,

that the matched pair unit-price ratio reflects only real price changes and not quality differences. If

more than one item from a class is selected, then the price change estimate for the class is obtained

by simply averaging the matched pair price ratios, usually without weighting. The price index is

then computed by aggregating class-level price- and quantity information using an index-number

formula, which is almost always the Laspeyres.

There are two distinct parts in this basic process for computing official price indices. First, there is

the quality control part, achieved through the classification and the items selection from each class.

This ensures that the index is comprehensive and that observed unit price changes are legitimate
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measures of price changes. At that level there is no index number problems involved, at least from

the point of view of traditional index number theory. The second part is the aggregation.  This is the

focus of classical index theory, which defines and examines the properties of  index formulae. A

typical side-process is the calculation of  a number of sub-aggregate level indices for different sub-

sets of  interest (i.e. food-price index in the consumer price index (CPI)) alongside with the "total"

price index. A matter of interest and concern for the statistical agencies is the coherence between

the total price index and the sub-indices and it requires, among other things, careful planing of  the

classification to ensure that a sub-index coverage is an union of distinct classes.

The need for quality adjustment in official indices arises when the above discussed basic quality-

control procedure fails. In the CPI this is nowadays typically the case of  household appliances and

especially computers, since models on the market disappear very fast and are replaced by more so-

phisticated new ones. A quality adjustment procedure, as understood in statistical offices, should

tackle that type of problems and should not affect other aspects of the index compilation such as

aggregation issues.

An official index for house prices must be interpretable within the established paradigm, which,

after all, has sound foundations in classical index number theory. From this point of view the real

estate price indices described in the literature should be viewed as estimation techniques aimed at

obtaining quality adjusted price ratios within some reasonably homogenous class of houses. Re-

searchers typically provide computations for well defined geographical regions within which differ-

ent houses can be viewed as reasonable substitutes. However the treatment of the topic is usually

heavily concentrated around estimation techniques and econometric issues, the links to standard

index construction practices and issues such as computation of an overall index are by-passed as

self-evident or outside the scope of the research.

On the other hand, some recent research topics such as the so-called time-aggregation bias (Cal-

houn, Chinloy and Megbolugbe (1995), Englund,  Quigley and Redfearn (1999)) , are not relevant

from the standpoint of classical index number theory. The problem in a nut-shell is that prices of

houses may change significantly from e.g. month to month and a quarterly index will fail to report

such changes. Such smoothing of the series cannot be named a bias in the paradigm of classical

index theory, where the length of the base and the comparison period can be freely determined. Of

course,  the loss of information on within-quarter price changes is highly relevant e.g. for purposes

of  investment risk analysis as pointed out in Calhoun, Chinloy and Megbolugbe (1995), but it nev-

ertheless does not relate to the notion of bias as normally understood by index number experts.
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Most important, the existing research is not explicit enough about which characteristics and how

affect the quality adjustment. Although theoretical foundations of the hedonic method are provided

already by Rosen (1974) and Triplett (1983), only very recently Triplett (2001) and Diewert (2001)

have shown, for example, that the matched pairs method normally used in statistical offices can

actually be expressed in a hedonic regression form. This seems to be a major reason why statistical

agencies are still not comfortable with quality adjustment based on regression methods. Because the

author's belief is that this line of research is crucial for the wider acceptance of hedonic quality ad-

justment in official statistics, an important part of the discussion in this paper is focused on how

tangible estimates of the size and the magnitude of the quality adjustment of the characteristic in-

cluded in the model can be obtained.
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2. The History of the Finnish Official House Price Index

 2.1 Main Features of the Finnish House Market

Around three fourths of the net wealth of Finnish households is in housing, meaning that home

ownership is the only considerable wealth asset for most Finns. The proportion of owner-occupancy

rate in Finland has declined in the 90's but is still as high as 60 percent. The decline in owner-

occupancy rate is explained largely by the abolishment of rent controls and to a smaller extent by

the appearance of new forms of occupancy, which stay between ownership and renting.

Single family houses and apartments in blocks of flats form 40 percent of the housing stock each,

apartments in terraced houses account for 13 percent of the stock and the rest of the dwellings are

apartments in other than residential buildings. The volume of new housing has been rather low since

the end of the 80's, at present new dwellings form about one percent of the stock per year and at

least 1/3 of them are intended for rental use. Building companies are involved mainly in the con-

struction of blocks of flats and terraced houses, while most single family houses in Finland are still

built using mainly family�s own labour.

An institutional peculiarity on the  Finnish housing markets is the rather technical distinction be-

tween real estate ownership and ownership of a dwelling in a housing share corporation. The land

and the buildings in the case of blocks of flats and terraced houses are owned by so-called housing

share corporations (asunto-osakeyhtiö). The owner of a dwelling formally owns those shares in the

company, which explicitly entitle her rights to a specified dwelling. Single family homes typically

form real estates, but for taxation reasons some single family houses are also organised as housing

share corporations.

House markets transactions are concentrated in the bigger cities and apartments in blocks of flats

account for over 50 % of the transactions of old (existing) dwellings. Single family house is trans-

acted in only about 10-20 % of the cases.  Most buyers buy the dwelling for own use.

Finnish house markets are believed to be very sensitive to interest rates, since a purchase of a

dwelling is often financed by a loan, whose interest rate is linked to some short term market rate

such as the six or twelve month Euribor. House loans are issued by  deposit banks and in the past

had short repayment period, five to ten years. The situation changed in the 90's and currently a loan

can be normally taken with repayment period of 25 and even 30 years.
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The Finnish house markets have been very volatile in the past 15 years. During the second half of

the  80's liberalisation of the loan market together with booming economy lead to extremely strong

price upsurge. In the subsequent recession prices fell to about half of their 1988-1989 levels. As the

economy recovered,  prices started to grow fast again in 1996. Rising housing prices were sup-

ported by interest rate stability secured by Finland's EU-membership and the government's com-

mitment to the monetary union. A strong internal migration towards the capital region lead to scar-

city and above-the-average housing price increases in Helsinki and the surrounding municipalities.

Towards the end of 2000 the long upward trend in house prices at least temporarily bent down.

2.2 Data Sources and Definitions of Statistics Finland's  House Price
Index

The importance of the house market developments is widely recognised in Finland and house prices

are an important topic of interest for politicians, social planners, economy analysts and ordinary

people as well. Against this background it seems natural that Statistics Finland publishes a quarterly

house price index since 1985. Afterwards computed historical series are available for some regions

from 1970 onwards. Up to the end of 2001 the index was based on actual transaction prices of

dwellings in housing share corporations, in practice apartments in blocks of flats and terraced

houses. Information was gathered from the major real estate agents and covered about 1/3 of all

transactions in that type of housing, but regionally and at different times the coverage has varied

from 20 to 70 percent of all transactions. The data source and the methodology were renewed at the

beginning of 2002. The new data source and the method are described in the following sections of

the paper.

The old and the new index are based on the same definitions. The index covers transactions of

dwellings in housing share corporations. Detached family houses forming a separate real estate are

not included. The reason is twofold. First, real estate transaction information is registered sepa-

rately. Second, since only a small number of real estate are carried out quarterly it will not be possi-

ble to reports the index at the same regional breakdown as the current one. Statistics Finland has

started to produce a separate index for single family houses at rough regional level since the begin-

ning of 2002. Over the last 15 years the price movements in single family houses have followed

extremely closely the price movements of the dwellings covered by the house price index.
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The house price index excludes new dwellings again because only few transactions are reported

quarterly. Statistics Finland is working on the possibilities to collect more representative data on

new house sales. Since there is no information on whether a flat is sold by the building company to

a private person/household, all flats whose year of completion is the current or the previous calen-

dar year are considered new and the ones with earlier year of completion are defined as old.

At present the house price index contains a series for the whole country (Åland not included), the

provinces,  major towns and other interesting geographical entities such as Greater Helsinki, com-

prising the municipalities of Espoo, Helsinki, Vantaa and Kauniainen. Within the regional break-

down separate series are published for type of building (block of flat or terraced house) as well as

by number of rooms for the apartments in blocks of flats. The regions for which separate series are

currently computed is presented in the Appendix. All results presented in the paper follow the defi-

nitions of the official index.
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 2.3 The Pure Classification Index

From 1985 till the second half of 1995 the house price index was compiled using a pure classifica-

tion approach. Data was stratified first by region and within the region in the following way:

Apartments in blocks of flat Terraced house
Year of completion 1 room 2 rooms at least 3 rooms
up to 1960
1961-1970
after 1970

Thus a classification by (region) X (type of building)X(number of rooms)X(age group) was created.

Each cell in this classification was treated, in the terminology of the Harmonised Index of Con-

sumer Prices (HICP), as an elementary aggregate. Simple arithmetic price ratios between the base

and the comparison period were compiled and then aggregated into an index using the Laspeyres

formula. The weights154 were determined by the number houses in each elementary aggregate in

1980.

If in any particular period the number of transactions in an elementary aggregate cell was 0, then the

index was computed under the assumption that the prices between the current and the previous

quarter in the cell had remained unchanged. We shall argue later on, that this procedure does not

bias the index unless some class with positive weight is constantly empty.

After several years of experience with this method it was considered, that it is not necessarily ade-

quate for the smaller regions since the index series there exhibited too much quarter-to-quarter

fluctuations possibly caused by uncontrolled quality variation of the flats sold. Since no further

classification of the data was feasible, the solution was seen in using hedonic methods, which po-

tentially allow to control for more quality characteristics than classification at the cost of imposing

more structure on the way these enter the house price formation (i.e. the regression functional

form). Thus the method used until the end of 2001 and described in the next section was adopted.

2.4 Time-Dummy Hedonic Regression

                                                
154 Strictly speaking, the Laspeyres weights should be value shares
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The variation observed in the price per square metre is grouped into three main factors: differences

in the individual characteristics of the dwellings, the effect of  location and residential area, and the

sales period. The model applied is of the form:

The explanatory variable is the logarithmic price per square metre ln(pati), where sub-index i refers

to the observation, a to the location and t to the time period. xkti refers to the value of characteristic

xk in observation i at period t.  Aati's are the location dummy variables which receive the value 1 if

dwelling i is located in area a. Tti ´s are the time dummy variables,.β0 β1 �βK, µ2�µN,  λ1 � λJ are

the regression parameters.

Estimation was based on data for eight quarters: the seven most recent and a fixed �base-period�

quarter. The estimate of the price trend was obtained from the coefficients of the time dummy vari-

ables in the model. Since the explanatory variable was logarithmic, the coefficient estimate of the

dummy variable indicated the change in price level in comparison with the �base� period in log-

percents. The index point number was computed  via the formula It
0 =  ( )te λ

bI , where It
0 denotes the

index point number for period t,  Ib is the index point number in the base quarter and λ t is the esti-

mate of the coefficient of the time dummy variable for period t.

The locations in the model  were identified at postal code area level. Other explanatory variables

were floor area of the dwelling and its square root, number of rooms, age of the  dwelling and its

square root,  type of building and physical condition indicators.

Equation (2.1) is a very standard specification in the hedonic index literature going back to Grilli-

ches (1971) and still very popular. A particular feature of Statistics Finland's implementation was

that instead of weighting results from separate regional regressions to obtain aggregate level indi-

ces, equation (2.1) was independently estimated for all subsets of the data for which an index was to

be compiled. This feature lead to incoherent series. The problem is the following. If say, in Hel-

sinki, prices for apartments in blocks of flats rose by 5 % from the previous quarter and prices of

apartments in terraced houses rose by 3 %, then one would expect that the average price rise for all

types of flats will be between 3 and 5 percent. This is not guaranteed by the described method, since

the regression coefficients, in particular the coefficients of the time dummies for blocks of flats,

flats in terraced houses and all flats are estimated by running separate, independent regressions.

atiti

J

t
t

N

a
atia

K

k
ktikati TAxpLn ελµββ ++++= ∑∑∑

===
0

221
)(    (2.1)



141

It should be noted that this type of  non-coherency problems are not uncommon and some famous

classic index formulas such as the Fisher formula can certainly exhibit the same problem. A more

subtle but similar problem is related to the fact that in a chained index the overall index change

between two periods may be smaller or greater than the minimum or maximum change of its sub-

indices. In practice, such situation may not exist or may not be noticed in official price statistics,

especially in the CPI, first because  CPI uses the Laspeyres formula, which is consistent in aggrega-

tion, second, the CPI is usually divided into at least 5-10 sub-indices and third it is seldom chained.

Obviously, appropriate weighting solves the coherency problem. However it will not remove the

low transparency of the procedure. If one wishes to compare the results of the hedonic equation of

the form (2.1) with say, an index based on classification etc., one would be able to state in what way

the series differ and may suggest some plausible explanations, but no tangible numeric evidence of

what regressor and how affected the quality adjustment and the index can be provided. The situation

is to be compared with the normal practice of the CPI, where, say, the evaluation of the impact of

gasoline price changes on the overall index is a standard procedure. So one has difficulties to dem-

onstrate that the regression does its job appropriately especially in situations where the hedonic in-

dex persistently moves faster or slower than some unadjusted measure such as the simple price av-

erage. It makes it then rather understandable, that statistical offices feel uneasy about hedonic solu-

tions of the above type, because  the credibility of the statistics requires that there is some account-

ing of what was adjusted and why. The method proposed in the following section addresses this

issue.



142

3. Methodology of the New Index

In view of the preceding discussion it is natural to search for combined methods that will eventually

retain the good features of both the classification and the hedonic approach but will mitigate the

problems associated with either of them. What is suggested here is first classifying the data with

respect to the characteristics along which most price variation is observed.  Then regression analysis

is used to do cell-specific quality adjustment with respect to other important characteristics. Com-

bining classification and hedonic regressions is not a novelty in itself, but in what follows the focus

in on explicit evaluation and aggregation of the impact that different regressors have on the overall

quality adjustment. The purpose is to obtain an index which fits as closely as possible into the tra-

ditional index number construction practices and at the same time makes full use of the hedonic

quality adjustment procedure.

3.1 Classification

Location, type of building and number of rooms are the most fundamental characteristics of the

dwelling, since they cannot be changed afterwards at all or only at large cost. It is also with respect

of these characteristics that prices vary most. The regional stratification used was determined so as

to form interpretable geographical entities with relatively similar price-level. The largest munici-

palities, for which separate index series are to be published were divided into two to four sub-

regions by examining average prices of dwellings in 1995. On the other hand, smaller municipali-

ties with few transactions were grouped together on regional basis. Within each region the dwell-

ings were divided by type and number of rooms as follows

apartments in blocks of flats apartments in terraced houses

1 room 2 rooms at least 3 rooms 1 or 2 rooms at least 3 rooms

73,7 percent of the total price variation in the data for the year 2000 is between the cells suggesting

that the adopted classification groups the observations into relatively homogenous groups.

After the data is classified, construction of a classical Laspeyres index straightforward. One pro-

ceeds by treating houses in each cell of this classification as perfect substitutes. Under this assump-

tion, average price changes within each cell provide an unbiased estimate of price change and the

index will be obtained by aggregating average prices across cells using Laspeyres� formula.  We

need only to agree on how cell price averages will be computed and how the cell quantities will be
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determined. In this case we use geometric price cell averages of square metre prices throughout.

The rationale is that half-logarithmic regression modelling provides exact decompositions of

within-cell geometric average price ratios into pure price and quality change components, and this

feature is very attractive in what follows. Geometric averages are also recommended by HICP. The

fixed Laspeyres quantities are the total floor area in the housing stock in each cell in 2000. Using

weights based on stock rather than on the transacted dwellings in the base period is motivated by

the fact that a house price index of old dwellings seeks to answer the question of how prices in the

stock have developed on average. Purchasing a house is a very different concept than consuming

housing services and thus weights based on transacted dwellings will have no clear meaning. With

these conventions the house price index based on simply classifying the data is:

  period  base in the  cellin  
dwellings ofnumber   theand areafloor  average geometric  the and _

lyrespective  cellin 
period comparison  theand base at the prices geometric average  the and 
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3.2 The Within-Cell Hedonic Quality Adjustment and its
Decomposition

The  above classification does not consider, among others, age of the house, floor area and micro-

location, so price variation due to sample mix changes with respect to these characteristics will pass

as price change in the index.

The quality adjustment strategy proposed is the following. A regression of standard type

is specified either separately for each cell or for a larger section of the data including the necessary

indicator variables to ensure that the sum of residuals for each cell are identically 0 by the proper-

ties of ordinary least squares (OLS) estimation. The sub-index i refers to the cell, t refers to the time

period and j refers to the observation.  pitj is the price  per square metre of floor area and Ln(pitj) its

itjitjtitjpLn εεεεββββ +′= x)(                    (3.2)
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natural logarithm.  xitj is the vector of characteristics, ββββt is the vector of unknown parameters to be

estimated and εitj is the statistical error term.

Denote the OLS-estimate of the parameter vector for cell i in the  base period  by i
0

�b , and for the

comparison period by i
tb� , the cell average vector of characteristics in the base period by i

0x , the

corresponding vector for the comparison period by i
tx , and the geometric average prices in the two

periods as ip0 and i
tp respectively.  The following decomposition of the geometric average price

ratio than is identically true:
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The first term of the expression has clearly the interpretation of fraction of the price ratio due to

quality difference of the sample mix at base period valuation of the characteristics. The second term

can be interpreted is a price change due to changes in valuations, that is a �true price change�.  This

type of decomposition introduced by Oaxaca (1973) is well known in the literature on wage dis-

crimination, but to the author�s knowledge is not commonly used in research related to hedonic in-

dices. The quality adjusted price ratio is then
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since by the properties of OLS it is true that
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The quality adjusted cell average price in the comparison period, denoted as ( )qapi
t  is respectively
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Denoting by Nt
i the number of observations in  cell i in period t, the right hand side of (3.4) can  be

written also as



145

i
tN

1

N

1
0

N

1
0

N

1

0 )�exp()�
N
1exp(

))(
N
1exp(

�exp
            )(3.4'















′=
′

=





 ′ ∏

∑

∑
=

=

=
i
t

i
t

i
t

j
itj

i

itj

j
itj

i
i
t

j
itji

t

i
t

i

i
t p

pLn
p

xbxbxb

Since )�exp( 0 itj
i xb ′ in the last term of (3.4�) is a consistent price prediction of what a particular

dwelling actually sold in period t would have been in the base period, it follows that  
)�exp( 0 itj

i

itjp

xb ′   is

a consistent prediction of the price ratio of this dwelling between the two periods and corresponds

to a matched-pair price ratio with the difference that the denominator is not an actually observed

price but a price prediction. Now it is clear, that  the quality adjustment price ratio (3.4) has the

interpretation of  geometric average of matched-pairs price ratios and is completely analogous to

what statisticians would normally compute at cell level in the classical index construction set-up.

It is worth noting that equation (3.2) is linear with respect of the coefficients ββββt but not necessarily

with respect to characteristic vector xitj, some of whose elements may be polynomials or other trans-

formations of certain �basic� variables, e.g. age and squared root of age, which is our case as shall

be seen later on in the text.  In such situations the validity of  results (3.3) � (3.6), especially the

interpretation of (3.4) as an average of  matched-pairs ratios,  requires that the average i
tx  is com-

puted separately for each element, ignoring possible functional dependencies between the elements.

To clarify the point,  let explicitly denote the characteristics vector xitj as an appropriately defined

function of some functionally unrelated characteristics vector yitj that is xitj = g(yitj). In the above

discussion it is assumed that the average characteristics vector  i
tx  is computed over the observa-

tions in cell i in period t as  )(g11
1´1´
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yxx .   A natural notation for the last term is

i

titj)(g y .  This is emphasised, because there is another possibility.  Let i
ty   denote the average of the

�basic characteristics� yitj in cell i for period t. i
ty  is interpreted as the characteristics of the average

property sold. It would be natural to ask what is the quality-adjusted price ratio at the �representa-

tive� point in the space of characteristics defined as g( i
ty ). If g(.) is non-linear,  the answer to this

question will differ from (3.4),  because then 
i

titj)(g y  will not in general equal g( i
ty ).  However, ac-
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cording to Vartia and Koskimäki (2001), whose paper examines different quality adjustment alter-

natives, in many cases the difference will not have practical importance.

Another very important point is that decomposition (3.6) is not unique. The following equality is

also identically true:
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After some arithmetic manipulations it is seen that (3.7) implies the following quality adjusted cell

average price for the comparison period:
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While the quality adjusted price representation (3.6) amounts to updating the base period prices by

an evaluation of the price change of the observed comparison period characteristics mix,  (3.8) is a

direct evaluation of base period mix at comparison period prices. The term

certainly has a cell-level Paasche index interpretation and may seem inconsistent with the Laspeyres

framework. However, another interpretation, expressed in the terminology of HCPI, is, that the

variants at elementary aggregate level are constantly changing and then the quality adjustment pro-

cedure for the price of the comparison period variant mix is certainly not against the current princi-

ples of HCPI.

Using (3.6) rather than (3.8) is preferable in our case for the following reason. In the empirical part

of the paper a quarterly index is computed, but a whole year is chosen as base period. Consequently

there is much more data to estimate the base period coefficients  than to estimate comparison period

coefficients. The abundance of degrees of freedom allows using extensive set of location dummies

covering separately areas where only few transactions per year occur. If one were to estimate re-

gressions on quarterly basis, one would be restricted to much narrower set of location dummies to

ensure that there are observations in each location for every period. With the chosen specification

one is able to evaluate (3.9) and hence (3.6) for any subset of locations considered in the base pe-

riod model that may occur in the comparison quarter's sample.
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Another argument in favour of (3.6) over (3.8) is that the regressions for the comparison period do

not have to be estimated. This is of  great importance for official statistics where a production sys-

tem should be as simple as possible. Still there is no restriction on the time structure of  underlying

parameters, using (3.6) simply does not require explicit estimates.
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3.3 Evaluating the Impact of Characteristics on the Quality
Adjustment

Evaluation of the effect on different characteristics on the quality adjustment and the index will

greatly improve the transparency of the statistical procedure, facilitate its empirical evaluation and

provide useful information for further analysis of the housing market.

An exact decomposition consistent with the discussion in section 3.2 is possible for index formulae

having logarithmic representation, such as the Törnqvist formula. Here we discuss a more simple

case for the log-Laspeyres formula defined in standard notation (see Vartia (1976)) as:
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Now using (3.4) we have for the within cell quality adjusted index
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The first term of (3.11) is the pure classification log-Laspeyres index, and the second term is the

explicit within-cell quality adjustment at aggregate level. One can group the estimated vector of

characteristics valuation and the average characteristic vector into i.e. location (L) and size (S) com-

ponents as follows:
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Then from (3.11) and using (3.12) one can decompose the quality-adjustment term into location and

size components:
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Naturally (3.13) can be extended to examine the aggregate effect on quality adjustment of each ex-

planatory variable in the regression included.

Decomposition (3.13) does not hold exactly for the Laspeyres index, so either log-Laspeyres should

be used155 or  (3.13) can be used as an approximation to evaluate the approximate effects of the

quality adjustment factors on the Laspeyres index as follows. Define:
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Then obviously, the quality adjustment of the Laspeyres index due to e.g. location differences can

be evaluated by:
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In our case the log-Laspeyres and the Laspeyres indices are so close, that  (3.13) can be used di-

rectly without empirical problems.

                                                
155 Log-Laspeyres index is always lower than or equal to the Laspeyres index with the same base year and weights (see
Fisher (1922) and Vartia (1976)). In our case the difference between the two is negligible.
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4.Empirical Results

4.1 Data Source

Research and planning work for renewing the House price index of Statistics Finland started in

2001 after Statistics Finland and the Finnish Tax Administration agreed, that information on trans-

action prices of apartments in blocks of flats and terraced houses will be provided on quarterly ba-

sis. The tax authority collects the prices in connection with the asset transfer tax, which is paid by

the buyer and amounts to 1.6 percent of the price. The tax authority data has been available for sta-

tistical purposes since 1987, but only on an yearly basis and with delay of about 7 months, thus it

could not be used for compiling a quarterly index. The index based on the method described in the

following sections is already in use in Statistics Finland. The results reported here cover the period

from 1987 till the end of 2000. This is the whole history of the tax authority data. The data of the

taxation authorities covers ultimately all transactions of apartments, but on a quarterly basis it cov-

ers currently 2/3 share . This is because the buyers have two months time after the purchasing date

to pay the tax and inform the authorities and there is some delay caused by information processing.

In practice all transactions brokered by a real estate agent (those account for about two thirds of all

transactions), will be reported with very little lag, since the real estate agent is responsible for the

due payment of the tax and the standard practice is that the tax is paid and the tax form is filled at

the moment the transaction takes place.

Table 4.1 below presents the estimated coverage of the data for the whole country and the major

towns during the 3rd quarter of 2001. The estimates are based on the assumption that the total num-

ber of transaction is the same as during the 3rd quarter of 2000. The precision is good enough for the

purpose of overall evaluation of the applicability of the data for constructing a quarterly index. The

average coverage of the transactions in the new data seems sufficient with few exceptions. It should

be kept in mind that the process is going on and improvement will be for sure achieved. The basic

problem seems to be the clearly lower than the average coverage of the transactions in the last

month of the quarter (September in the above case). This feature of the data will surely persist also

in he future, although not so clearly as now.  This suggests that weighing of the monthly observa-

tions might be needed in order to capture correctly the price development during the whole quarter.

Because there was no "real-time" quarterly data from the tax authority, a pilot research was con-

ducted to analyse the behaviour of the indices under different assumptions of  the coverage of the

actual quarterly data. This pilot work shall be shortly overviewed later in the text. Since there is no
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particular value of this research in terms of the central issues of the paper, the results presented fur-

ther are based on the total data available since 1987 till 2000.

Table 4.1 The estimated coverage of the data during the 3rd quarter of 2001

Other important feature of the data is the extensive use of different registers. The information di-

rectly provided by the tax authority contains information only on the transaction price, the dwelling

floor area and the municipality of transaction. Using the official apartment identification code prices

are linked to other information such as type of building, number of rooms, year of construction and

location (postal code and co-ordinates).  The sources for this information are  the taxation register

of real estates, maintained by the tax authorities, and from the building and dwelling register main-

tained by the Population Register Centre. There are some problems with the use of all these regis-

ters concerning primarily new dwellings, for which information may be available only with delay,

however long experience at Statistics Finland indicates, that what comes to old apartments the over-

all quality of the data is high.

In many cases the building in which the sold dwelling was situated is identified, but there is no cer-

tainty as to which one of several equally sized apartments was actually transacted. This feature of

the data makes utilisation of repeat-sales information rather problematic. Although the results of

R e g io n

re p o r te d % -s h a re  re p o r te d % -s h a re  
tra n s a c tio n s o f to ta l tra n s a c tio n s o f  to ta l 

in  3 :rd  q u a r te r in  S e p te m b e r
o f  2 0 0 0 o f  2 0 0 0

W h o le  C o u n try 1 1 8 1 9 6 8 ,9 2 0 9 3 3 5 ,9

H e ls in k i 1 8 0 7 7 0 ,1 2 3 3 2 4 ,6
V a n ta a 5 6 8 7 5 ,3 1 1 8 4 4 ,9
E s p o o 2 1 7 2 6 ,0 0 0 ,0
P o rv o o 1 1 3 7 5 ,8 1 6 3 3 ,3

T a m p e re 9 5 9 8 7 ,3 1 7 4 4 9 ,9
T u rk u 6 9 7 6 8 ,4 1 3 5 3 9 ,2
O u lu 5 0 6 9 1 ,5 5 0 2 7 ,0
L a h ti 3 8 0 8 2 ,1 7 2 4 4 ,7

J yv ä s k y lä 3 2 3 7 7 ,8 3 5 3 0 ,4
K u o p io 2 3 2 5 8 ,3 1 0 7 ,0
P o r i 1 3 6 4 3 ,9 1 6 1 7 ,0

K o tk a 1 8 4 7 4 ,5 4 0 4 9 ,4
K o u v o la 1 7 0 1 1 1 ,1 4 9 9 8 ,0
H ä m e e n lin n a 2 2 3 9 5 ,7 7 0 8 8 ,6
V a a s a 2 0 0 8 1 ,3 3 2 3 5 ,6
J o e n s u u 2 4 6 7 9 ,6 5 8 4 9 ,6
L a p p e e n ra n ta 2 0 0 9 2 ,6 4 6 7 3 ,0

S e in ä jo k i 2 9 1 6 ,1 1 1 ,9
M ik k e li 1 4 2 1 0 0 ,0 4 7 1 0 9 ,3
R o v a n ie m i 1 2 4 6 3 ,6 1 8 2 4 ,3
R a u m a 1 3 1 7 6 ,2 3 2 6 0 ,4
K a ja a n i 1 1 1 7 6 ,6 1 5 4 4 ,1

S e p te m b e r 2 0 0 12 0 0 1 , 3 :rd  q u a rte r
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Meese and Wallace (1997) discussed in section 1.3 quite clearly show that the assumption of time-

constancy of the parameters in repeat-sales and  hybrid models are very likely to be violated for

data set gathered over long time period, it would have been an interesting exercise to examine what

results these methods would have provided.

4.2 Regression Estimation

In line with the discussion in chapter 3 the following regression equations for each region were es-

timated for the whole year 2000 data

Regressions are estimated separately for each region in the classification rather than for each cell

(region X type of building X number- of- rooms class), because degrees of freedom for many cells

are not enough to obtain reasonably stable estimates for the unknown coefficients. This means, that

within each location the explanatory variables are restricted to have the same coefficients. For this

reason the subscript i refers now to location rather than classification cell, j refers to the observation

and the subscript for time period t is omitted, since in the estimation only the year 2000 data is used.

The general form of the regression model is of standard semi-log type. The dependent variable

Ln(pij) is the price per square metre of floor area.  The variables Al , l = 1.. Li are postal code area

indicators for the municipalities, which are separately examined, and municipality indicator vari-

ables for the rest of the regions. The variables  roomsk ,  k=1, 2, 3 are room-class indicators. Square

roots of age and floor-area variables are included to capture non-linearity of the age and floor area

profiles.

TH is an indicator for terraced houses and TH*rooms3 is an interaction, which takes value 1 if a

terraced house apartment has 3 or more rooms.

The purpose of the model is to provide information for quality adjustment with respect to age,

dwelling-floor area and micro-location of the dwelling. The room-number indicators as well as TH

and TH*rooms3 - indicators are included in the regression for technical reasons, to ensure by the

properties of the OLS-estimator that the sum of residuals will be zero for all cells in the classifica-

tion, since results (3.3)-(3.6) and the decomposition (15) hold exactly only if this is true. Obviously,
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they are strongly correlated with the floor-area, but given the large data, the estimated coefficients

for the later are reasonable (see table 4.2).

Some further comments on the choice of the explanatory variables are also in place. First of all, a

very short list of apartments' physical characteristics is used. This is because our experience is that

type of building and construction year are very strongly correlated with the availability or absence

of other characteristics. The age of the dwellings is used as an explanatory variable and since all

observations are from the year 2000, the age coefficients can equally well be interpreted as con-

struction-year coefficients and therefore they capture the effects of such "omitted" characteristics.

There is inherent ambiguity in the interpretation of the age coefficients in regressions like that and

different interpretations affect the quality adjustment differently. The problem is discussed in detail

in the following section.

The register data contains information about basic amenities, but in Finland virtually all dwellings

have amenities such as some form of  heating, hot water, WC and shower. Sauna is a Finnish pecu-

liarity, which is standard equipment in apartments built since the beginning of the 90's and not

available in apartments of blocks of flats built in the 70's or earlier. Garage is present in terraced

house apartments and is almost always bought separately in the case of apartment in block of flats.

An important variable in the data, provided earlier by major real estate agents was the agents'

evaluation of the overall condition of the flat, but such information can't be obtained from the reg-

ister.

The use of extended set of location indicators is justified on the basis that relative differences in

price levels by location reflect differences in characteristics difficult to incorporate in the model

directly, such as availability of different services, transport connections, recreational activities as

well as intangible factors such as the image of the area, which is usually result of a long and com-

plicated socio-economic process. But there is also a potential problem with the location dummies. A

change in the relative price level in an area, captured by the coefficient of a location dummy may

reflect changes in the quantities of the unobserved characteristics rather than changes in the relative

scarcity of the characteristic or changes in buyers' tastes. In case this should happen, it should be in

principle viewed as a quality change. A good example is the level of noise. Suppose an airport is

just built near a particular location. The level of noise is probably a negative factor, which tends to

reduce house prices. One can argue that a quality adjusted index should not view this as a price fall,

because physically the same apartment now provides worse housing services than before because of

increased noise level. In practice such issues are very difficult to treat in a completely correct way.
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Most likely there are omitted variables in our model, but they do not necessarily bias the index,

since what we need is not unbiased regression coefficients, but only an unbiased prediction of the

price of the average characteristics vector at base period prices (see equation (3.6))156.  Of course,

parameters of wrong size and sign will render the decomposition (3.13) non-interpretable in eco-

nomic terms.

Using the total data for the year 2000 (58,566 observations) altogether 64 regressions were esti-

mated with a total of 557 location indicators. The Table 4.2 summarises the results in a concise

form giving to expositional simplicity more importance than to mathematical purity. The main

points  remain valid also in the detailed report provided in the Appendix.

Table 4.2 Average estimated coefficients
  Variable Average coef-

ficient*
Average t-
value*

floor area 0.0067 3.49

square root of floor area -0.1595 -4.70

Age 0.0111 4.29

square root of age -0.1797 -6.44

1 room indicator 0.0328 1,42

at least 3 rooms indicator 0.0219 1,16

terraced house indicator 0,1106 4.18

Terraced house with at least three rooms interaction 0,0227 0,93

*Average values weighted by number of observations in each separate regression

The average R2 statistic is 38  %, meaning that the models explain on average 38 percent of the

within-regional price variation. The statistic is not high, but two things must be noted. First, the

regional classification alone already captures 70 percent of the total price variation in the data, so

the classification by region and the regional regression together capture over 80 % of the total price

variation. Second, the location indicators (not reported in the table because of their very large num-

ber) as well as the floor-area and age variables taken together are statistically highly significant, as

expected.

                                                
156 This  point is worth a short comment, because it seems to be sometimes misunderstood. Suppose the true equation is
yi=βxi+γzi+εi  and there is a relation between  z and x of the form zi=δxi + ωi  (i.e. the variables x and z are correlated)
and z is omitted from the regression. The regression equation to be estimated is then yi=(β+δ)xi+(εi +ωi). Under stan-
dard assumptions the conditional expectation of E(yi|xi)=0 and OLS estimator will be unbiased for the "reduced form"
parameter (β+δ). Consequently an unbiased prediction of yi given xi will be obtained. It is a different matter, that the
estimated coefficient of x has no structural interpretation and is in this sense biased.
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Although the coefficients of the room-number indicators are insignificant, they are kept in the

model to ensure that the sum of residuals for each room- and type-of-building class is 0, so that the

above presented price/quantity decompositions hold as identities.

The above diagram presents the  effect of size on prices. The curve is evaluated using all size-

related variables in the model, both the room-number indicators and the estimated dwelling floor

area polynomial. It appears that square metre prices fall rather quickly with dwelling floor area. The

square metre price of a 60 m2 flat is 75 % of the square metre price of a 20 m2 flat. This feature can

be understood both from the technological and demand side. It is clear, that construction of large

flats has economies of scale over small ones. On the demand side, Finland's single-person house-

holds account for 37 % of all households and the share is still growing, so demand for small apart-

ments is high. The trend becomes flat for large, over 100 m2 dwellings.

4.2 Interpretations of the Age Profile: Depreciation versus Vintage
Effect

The effect of size on the sqare metre price of apartments in block of flats
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The diagram  below presents the estimated average effects of age on prices of dwellings. According

to our estimates the price initially falls with age at a yearly rate of 4,5 percent but the rate decreases

fast and a 10-year old dwelling will lose only 1,8 percent of its value within a year. The age effect

on prices is practically zero for 40 year old dwellings and even turns slightly upwards for over 70

years old dwellings. The fast decline of the price for rather new dwellings may partly reflect ex-

trapolation, since there are few observations of only few years old dwellings in the data. This will

not cause serious problems, since the average age of sold dwellings is typically much higher.

The interpretation of  the age profiles is of great importance. There are two distinct simultaneously

acting reasons explaining the shape of the age profile. The first is that if repairs do not (on average)

offset depreciation,  then, ceteris paribus, an older home will be in worse condition than a newer

one. Another factor affecting the shape of the profile is that newer homes presumably embody bet-

ter planning and construction technology and probably are on average better equipped. This way of

thinking gives also a reason  why for old enough houses the age profile eventually turns up157 - they

represent certain historically valuable architectural style and thus have "museum value".  In the text

the value of a house associated with the architectural style and construction technology of a par-

ticular time period is referred to as vintage effect as opposed to depreciation effect associated with

physical ageing.

                                                
157 Another argument is that for old houses the value increase of the land exceeds the decline of value due to deprecia-
tion. This is not a valid point here, since the location indicators in the model control for land value differences

Estimated average effect of age on square metre price
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For the purposes of quality adjustment of the index separation of the vintage and the depreciation

effects would be desirable, since they have different implications for the quality adjustment. The

depreciation effect implies, that if the average age of the dwellings in the sample increases, then the

index should be adjusted upwards to reflect the decline of the average quality mix in the data. On

the other hand, an increase in the average construction year of the sample would usually158 call for

downward adjustment of the index, because the sample mix embodies newer and better technology.

The problem is that separation of the depreciation and vintage effects is not possible in cross-

section data, because the construction year, the selling period and the age are altogether by defini-

tion in perfect linear relation. An explicit recognition of the problem and an attempt to solve it by

combining cross-section  and panel data is provided by Englund, Quigley and Redfearn (1998).

Their argument goes as follows. The starting point is specification in line with the hybrid model of

Quigley (1995) discussed earlier. The log-price equation is specified in equation (6) in the quoted

paper, presented here in notation consistent with the one used in earlier chapters as

itiityittit εζββ +++++= AGEYRPp      (4.2) dixββββ

YRi is the construction year of dwelling i in the data, AGEit is the age of the dwelling at time period

t, and the vector xit  contains the other explanatory variables, Pt is the time-dummy for the sales pe-

riod, ζ i is the dwelling-specific term and εit the error term. The authors suggest, that the perfect lin-

ear dependence between construction year, the selling period and age is solved by the following.

They define a new "error" term as

itiitit εζβγ ++≡ AGE     ) (4.3 d

 and then estimate from the repeat-sales sub-sample

ityittit β γYRPp     (4.4) i +++= xββββ

Then using residuals of the regression (4.4) as estimates of γit and the definition (4.3) they continue

to estimate the AGEit coefficient (that is the depreciation rate) from:

 εετβεεβ
εζβεζβγ

iτitiτitiτit

iτiiτitiitτ

)()-(t )()AGEAGE(                   
)AGE()AGE(-    γ(4.5)

dd

ddiit

−+=−+−
=++−++=

                                                
158 If the average construction year is very  old, then the "museum value" may reverse the argument.
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Unfortunately, there is a flaw in the procedure. The assumption that omitting the age variable from

the regression will leave the depreciation effect in the error term is incorrect, because age is not

uncorrelated with the included variables but on the opposite, it can be expressed as a linear combi-

nation of selling time and construction years. Omitting the AGEit from the regression (4.2)  will not

leave the depreciation effect in the modified error term γit. The depreciation effect will be com-

pletely augmented in the estimated coefficients of the time dummies and the construction year.

The following discussion clarifies the point, which should be quite obvious. In their paper Englund

et al. use data from 1981 first quarter to 1993 and construct a quarterly index using time dummies to

denote the selling quarter of a house. The dummies are formed in a more complicated way than

normally to identify precisely the sale date within a quarter (footnote 2 in the quoted paper). For

clarity of exposition, let�s suppose here that the sale quarter dummies are formed in the usual way,

that is a quarter dummy takes value 1 if the sale is during the quarter and  0 otherwise.  Suppose

also that the age is measured in years and quarters. It is identically true that AGEit =yyyy/q-YRi,

where yyyy/q denotes  the year and quarter of sale. Substituting this expression into (4.2) and rear-

ranging it one obtains

itiyittit εζβββ ++−+++= idd )YR(yyyy/q*Pp      )(4.2' xβ

For all dwellings sold in a particular quarter the term βd*yyyy/q is constant and can be denoted as

At and the parameter (βy-βd) as βv.   Now what equation (4.4) actually estimates is (4.2'),  which can

be written also as

itiitttit εζβA +++++=′′ ivYR)P(p      )2(4. xβ

The estimated coefficients of the time dummies are contaminated by the depreciation effect, which

may bias the index if depreciation is significant. The estimated coefficient of construction year

might appear to represent the "pure" vintage effect, but this is incorrect. Pure vintage effect could be

estimated only if it were possible to evaluate the depreciation, which is not the case.  Regressing the

differences of the residuals of (4.2') for dwellings sold more than ones on the time between sales as

in (4.5) does not estimate the depreciation, but can be rather viewed as a test for time-constancy of

the parameters, which is assumed throughout in this setting.  Englund et al. estimate the  annual

"depreciation" rate to be between 0,0023 and 0,00993, the estimates being statistically highly sig-
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nificant in all but one case. The result can be interpreted as evidence against the assumption of time-

constant regression parameters.

The only plausible way to separate vintage and depreciation effect remains use of outside informa-

tion such as expert judgement. Since such information is not easily obtained and its quality will be

difficult to evaluate, one is left with the question of which factor is primary in determining the age

profile. Most papers include age as explanatory variable in a model specification of the type (4.2),

which means deciding implicitly in favour of depreciation. On a-priori grounds the choice is not

obvious at all. Assuming that the downward sloping age-profile reflects depreciation means that one

views the ageing of the stock as quality deterioration which may or may not be the case, depending

on the renovation and repair activity. In Finland at least, most privately funded dwellings are regu-

larly repaired and improved and are on average in very good technical condition. On the other hand

newer vintages presumably take advantage of better planning and building techniques and for sure

have more and better equipment than older ones. As mentioned earlier in Finland for example sau-

nas are available in almost all apartments of newer vintages. Interpreting the age-profile as reflect-

ing primarily vintage rather than age effect  in the Finnish case is probably the choice closer to real-

ity and this is how it is treated here in the quality adjustment procedure. There is no reason to inter-

pret the growth of the average age in the Finnish stock of dwellings as indicator of housing quality

deterioration.

The interpretation of the estimated age profile as reflecting vintage effects is achieved through the

following simple variable transformation (re-interpretation). When computing the index for a par-

ticular period age is not calculated as physical age at the time of sale but as (2000-construction

year)159.

To understand more clearly the practical importance of this discussion, lets go through a simple

example. Suppose  that the quality adjustment of the index  due to "age" is to be computed between

1990 and 1995. Suppose further that the dwellings sold in 1990 were on average built in 1975 and

the ones sold in 1995 were on average constructed in 1980. Using the results from table 4.2 the

                                                
159 This does not cause any problems for computing the index for periods up to 2001. From 2001 onwards there is the
possibility that some sold flats are build after 2000 and then the square root of age cannot be calculated for them. In
such cases the variable (2000-construction year) is set to 0. Since such cases will be very rare in the following 2-3 years,
their effect on the index  is negligible. Statistics Finland will regularly update the index and the estimated regressions in
3-4 year time periods, so errors will not accumulate. It might appear, that  replacing age and its square root with con-
struction year and its square root and re-estimating the regressions would be a clearly better solution, but it is not neces-
sarily so. Of course in the latter case there will be no problems to perform the mathematical operations for dwellings
built after 2000, but the danger of extrapolation is present.
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quality adjustment of the index change between 1990 and  1995 due to difference in average con-

struction year will be approximately

( ) ( ){ }198020001797.0)19802000(0111.0197520001797.0)19752000(0111.0exp −−−−−−− that is

about 3.9 percent downward correction reflecting that in 1995 the dwellings sold were of newer

vintage and hence better and ceteris paribus more expensive. For comparison, suppose now that in

both periods the average construction year were the same, 1975. Under the current interpretation of

the age profile as reflecting vintage effects, the quality adjustment in the index will be zero. How-

ever, the physical age of the 1975-built dwellings in 1990 is 15 years and  in 1995 20 years. If the

age profile were interpreted as reflecting depreciation, then in this situation the quality adjustment

would be computed as ( ) ( ){ }201797.0)20(0111.0151797.0)15(0111.0exp −−− , which would result in

about 5.4 percent upward correction of the index, reflecting that the 1975-built dwellings got older

in 5 years and presumably in worse condition.
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5 The Indices

5.1 Some Clarifications

The indices for the period 1987-2000 were estimated using the total data and aplying  both the clas-

sification and using a within-cell quality correction method. Aggregation of the index was done

using both  the Laspeyres formula (3.1) and the log-Laspeyres formula. Since there was practically

no difference in the results, the official index of Statistics Finland uses the log-Laspeyres formula,

for which the decompositions (3.11) and (3.13) hold exactly.

When deciding the classification care was taken  not to have classes with systematically less than 5

observations, but on the other hand it was considered  unnecessary restriction of  the classification

to require that each cell has at least five observations in every period. As a result in some (but few)

cases there are less than 5 observations  or even no observations at all in some cells. The effect of

two alternative ways of treating cells with few observations was examined. First, the price change

in a cell was imputed by using the estimated change in adjacent cells.  For example, if in a particu-

lar region there happened to be less than 5 prices of 2-room apartments in blocks of flats, the quar-

terly change for the blocks of flats in the region is computed using only other than two-room apart-

ments. The cell-level index for two-room apartments is updated by the estimated quarterly change.

This amounts to assuming that the price development in the cell with few observations follows the

same trend as the most likely �substitutes�.  In some cases this assumption may not work very well

since it is not clear how good substitute a single-room and two- or three-room apartments are. For

this reason an alternative procedure was examined. The cell price indices were computed normally

for all situations where there was at least one observation in the cell for the quarter. If there were no

observations, it was assumed that the price in the cell remained unchanged from the previous quar-

ter and the cell-level index was left unchanged. This may seem to bias the index, but in author's

view it is not the case if the cell is not empty all the time. With a base index, as in this case, the

whole price change between the base and the comparison period will be correctly estimated any

time there are observations in the cell. What will go wrong are the estimated changes between peri-

ods with not enough observations. Since cells where few observations occur are also cells with

small weight in the index, the difference in the results of the two procedures becomes negligible at

rather low aggregate levels.

Another aspect that was studied was the difference of the coverage of the data for different months

in the quarter. The data received immediately after the end of a quarter under-represents transac-
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tions concluded during the last month of the quarter. The appropriate treatment is to give month

weights to the observations. The procedure may be problematic, if the coverage in the last month is

very low, since then a single observation may have considerable effect on the calculations. To study

the effect of weighting  random samples from each quarter drawn. The sample was 60 % for the

first and second month and 20 % for the last month of the quarter. Then the indices were estimated

first by giving a weight of 3 for the last month of the quarter and 1 for the other two months and

then without weighting. The difference in the procedure did not bring about any significant change

in the overall picture as compared to a benchmark case, where a flat 60 % sample per quarter was

drawn.

The results presented in what follows are based on all observations for the years 1987-2000, so the

above discussion is of  little relevance for them, but is important for the "real time" computations.

To conform the history with the actual practice now already established, the calculations are done

using the currently "official" procedure at Statistics Finland. Price changes for cells with less than 5

observations are imputed and observations from different months are weighted by month weights in

the calculation of  cell level averages of prices and quality characteristics. The month weights are

derived from the average number of transactions in each month in the years 1995-2000  Regional

level results are presented in the Appendix.
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5.2 Behaviour of the Indices and the Hedonic Quality Adjustment

Diagram 5.1 presents results at the overall country level. The "classification" series is the index

based on the classification described in section 3.1 and computed via log-Laspeyres formula (3.10)

in the text. The unweighted average is computed by comparing the average square metre price in

subsequent periods. The "classification + hedonic quality adjustment series" is the within-cell qual-

ity adjusted log-Laspeyres index, (3.11). At that level of aggregation even the simple average gives

very similar picture of the long run price developments as the indices. Still, a closer look reveals a

main problem of the simple average, which is not very serious in this particular case but is poten-

tially dangerous. Both at the peak in 1989-1990 and during the price rise at the second half of the

90's the simple average series shows slower price movement than the indices. Obviously at that

times the relative transaction volumes have shifted towards dwellings, where the square metre price

is lower. Most likely this reflects shift in the demand towards relatively cheaper regions (locations).

The classification index takes account of the most important determinants of square meter price,

region, type of building and number of rooms. This level of quality control seems to be quite

enough at very aggregated levels. The within-class quality adjusted index does not change the over-

all picture. It is systematically below the classification index because by controlling for vintage ef-

fects (year of construction) it is taken into consideration that in the longer run newer and better

equipped dwellings will enter the stock and  improve the average quality of dwellings sold. A qual-

ity adjusted index should not interpret that feature as price rise. The point is clarified in diagram 5.2

presenting the overall quality adjustment and its components obtained via (3.13).
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The most important factor affecting quality adjustment is the vintage effect. The high construction

volumes at the end of the 80's are seen as a downward trend in the quality adjustment due to con-

struction year: the average construction year became newer, which is interpreted in our method as

indicating improvement in the average quality of the  transacted dwellings. The trend practically

ended after 1993.  This observation is consistent with the very low construction volumes in the first

half of the 90's and historically low construction volumes even after the economy recovered.

Although of very modest size, the quality adjustment due to micro-location of the dwellings sup-

ports economic intuition. As prices rose sharply at the end of the 80's the quality adjustment due to

location goes upwards, reflecting shift of transaction volumes towards cheaper locations. The trend

is reversed during the recession and turns up slightly again during the recent price upsurge.

The small negative quality correction due to floor area during the end of the 80's is also consistent

with the logic of economic theory. The transaction volume has shifted towards smaller dwellings.

The shift implies negative quality correction, since square metre prices are higher in smaller dwell-

ings. The overall price of a smaller dwelling is, of course, lower than the price of a larger one, ex-

plaining why buyers would have to buy smaller flats when prices are very high.

The overall quality adjustment is negative most of the time and follows closely the vintage effect

quality correction. Under the alternative interpretation of the age profile as reflecting depreciation

Diagram 5.2 The aggregate effect of quality adjustment 1987-2000, Finland, all dwellings
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rather than vintage effect discussed in section 4.2, the implications for the long term trend in quality

adjustment would be the reverse, as illustrated in diagram 5.3.

The red line in diagram 5.3 is the same as the quality adjustment due to vintage effects in diagram

5.2. The blue line is the quality adjustment generated under the interpretation of age profiles as re-

flecting depreciation. After the construction boom at the end of the 80's (seen with lag as a flat part

of the line in the beginning of the 90's), new construction  forms only a very small proportion of the

dwelling stock. As a result each year the average age in the stock grows by almost 1 year. If  the

downward sloping age profiles reflect depreciation, the ageing of the stock means quality deteriora-

tion. In the Finnish case that interpretation leads to unduly strong upward quality correction of the

index. It is a well known fact that dwellings in Finland are regularly repaired and even improved.

The quality correction when age profile is interpreted as reflecting vintage effect is much smaller in

absolute size, since at current construction volumes the average construction year (the average vin-

tage) in the stock grows  very slowly.

Diagram 5.3 Quality adjustment effects under alternative interpretations of the estimated age pro-
files
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Although in the long run even the unadjusted average price changes provide a good picture of the

price trend, the importance of the use of index formula and hedonic quality adjustment is better un-

derstood when viewing the house price index as a short term economic indicator. Then quarter to

quarter changes rather than long term trends become important. In this respect unadjusted measures

may  be more misleading.  The relative importance of quality adjustment is also much more impor-

tant in small market areas than at overall country level.

While at whole country level the quarter-to-quarter changes in overall hedonic quality adjustment is

never larger in absolute size than 2 percent and is on average 0.3 percent, in Rovaniemi the average

absolute quarter to quarter change is 1.96 percent and can be as large as 10 percent. Since 1 percent

change in the quality correction between quarters implies approximately 1 percent change in the

quarterly index, the strong influence of  the hedonic quality adjustment  for small markets such as

Rovaniemi is obvious.  As diagram 5.4 shows, a strong upward movement in the quality correction

is usually followed by a strong downward movement and vice versa. This is due to the fact, that if

in a particular quarter there is a random shift in the transaction volumes towards, say, high quality

and high price dwellings, in the next quarter transactions of  normal quality are likely to be ob-

served.  In the quarter-to-quarter quality adjustment change this is seen first as a peak downwards,

to adjust for the better than the normal quality traded in the first quarter. This is followed by a peak

upwards, since the return of transactions to dwellings of normal quality in the second quarter is,

from the first quarter�s prospective, a quality deterioration.

Diagram 5.4 Quarterly changes in the overall hedonic quality adjustment in Finland and Ro-
vaniemi
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5.3 Precision of the Index

Precision in the index is evaluated by estimating the width of  the 95 % confidence intervals for the

quarterly percent change of the overall index and its sub-indices. The confidence interval widths are

estimated by numerical simulation. The simulation set-up is the following. From the base year

(2000) 565 samples with replacement are selected, each of the same size as the original data. Then

from each sample the cell level average prices ip0 and the regression coefficients for the cell level

quality adjustment i
0

�b are computed. The vector of average prices and the matrix of regression  coef-

ficients  from the  k:th base year re-sampling  are denoted as [ ]kBP �,0 .  The quarterly change was

arbitrarily chosen to be estimated between first and the second quarters of 1995. 565 samples  with

replacement of the same size as the original data set were selected from the data sets for the first

two quarters of 1995 . Then cell level average prices ip 1/95  and ip 2/95 were computed. Denote the cell

level average prices vectors for k:th  re-sampling of the data in 1995 as  [ ]k1/95P and

[ ]k2/95P respectively. Now one has 565 independent "data sets" [ ]kBPPP �,, 2/951/950  From each data set

index point number for the 1st and the 2nd quarter of 1995 and a quarterly percent change is com-

puted at all levels of aggregation using  exactly the same quality adjustment and aggregation proce-

dures as explained in the text. In this way 565 independent values of the index point number are

obtained for all sub-indices and the overall index. Since the average floor area and the number of

dwellings in each class of the classification were evaluated independently using register informa-

tion, these variables, which are used to evaluate the base period quantities, were treated as fixed

(non-random) in the simulation exercise.

Diagram 5.5 presents the histogram for the distribution of the quarterly change between 1995 1st

and 2nd quarters  of the overall within-cell quality adjusted index
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According to the simulation results the true quarterly change is between -1.46 and 0.03 percent with

95 % probability. The length of the 95 percent confidence interval is 1.49 percent. The original

point estimate is -0.79, well within the confidence interval bounds and very close to the simulations'

average, -0.72. The distribution is symmetric and very close to normal, the normal approximation to

the confidence bounds is very good.

Regional results are provided in the Appendix. The distributions are generally  symmetric and

hx
2
1± , where h is the width of the simulated 95 percent confidence interval,  provides a very good

approximation to the simulation. The price distribution in the underlying population is  so dis-

persed, that for example in a  relatively large market areas such as Lahti, the width of the 95 % con-

fidence interval for the quarterly change is over 9 percent. From the municipalities for which sepa-

rate statistics are currently published the confidence interval is widest in Kokkola, 16 percent.

Diagram 5.5 The distribution of the quarterly change of the overall index  between 1st  and 2nd  quarters of
1995
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The confidence intervals were computed also for the quarterly changes computed from the classifi-

cation index. They are in most of the cases only slightly wider than for the within-cell quality ad-

justed index. The author does not think that this fact bears any particular meaning for the desirabil-

ity of the within-cell quality adjustment procedure, since its primary purpose is to remove potential

bias in quarter-to-quarter changes and not necessarily to increase  the measurement precision. Of

course, the situation would be more complicated if it had turned out that the within cell quality ad-

justed index quarterly changes had much larger spread than the classification index. Then one pos-

sibly has to consider trade-offs between bias and variance, which is a complicated exercise.

It will be quite reasonable to assume, that the variance of the quarterly change depends only on the

size of the data. If this is the case, then the estimates of the confidence interval lengths provided

here are somewhat conservative, since the number of transactions per quarter is currently 20-25

percent higher than in 1995.
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Conclusions

The methodology proposed in the paper is rather straightforward and transparent. The magnitude of

quality adjustment due to difference in sample mix can be evaluated for each quality characteristic

at each aggregation level. This makes comparison between a standard classification index and the

within-cell quality adjusted index presented in the paper very clear. The trends in the quality ad-

justment components provide some interesting insights. The regression coefficients are allowed to

change freely over time while their explicit estimation for each period is not necessary.  This largely

facilitates the use of the method in production of fast statistics, which are intended to be used as an

economic indicator.

The paper does not provide empirical results based on modelling techniques using information on

repeat-sales of the same dwelling. The reason is that precise identification of the repeat-sales in the

data set used was problematic.

The econometric methodology used on the part of the quality adjustment decomposition is related to

the literature on measurement of wage differences, which is a large and important field in

econometric analysis of micro data, but the relation of its results to quality adjustment in index

number construction does not seem to be generally known.

In abandoning the idea of time-invariant coefficients the paper bears some resemblance to the work

of Meese and Wallace (1997). Another similarity is the finding that the long run price trends esti-

mated using simple  statistics are very similar to the trend exhibited by a sophisticated index. It

seems that in the case of housing prices the role of quality adjustment is important primarily in es-

timating short-term price movements in relatively thin markets.

The only persistent trend of the quality adjustment found in the research is related to the age profile

of housing prices. The shape of the age profile is a mix of vintage and depreciation effects. In view

of their importance for the long-run index trend, it would have been highly desirable to separate the

effects. Unfortunately, this does not seem to be possible on the basis of sample information, since

time of sale, construction year and age are by definition in exact linear relationship and empirical

models including all three are unidentified. The decision to interpret age profile as reflecting only

vintage effects is simply a practical solution motivated by  conditions in Finland.
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The width of the evaluated confidence intervals of the quarterly index change suggests that in many

cases quarterly changes at municipal and sub-municipal level should be interpreted with care. The

precision of the overall index is good. A feature not examined in the paper is the precision of the

estimates, when not all information on prices and transactions is available. Currently information

about two thirds of all transactions concluded in a quarter are received by Statistics Finland imme-

diately. Information for the rest is received later. The published index points and quarterly changes

for the current year are revised and the final estimates are ready in the beginning of the following

year.

The applicability of the developed method is evidenced by its use at Statistics Finland. It  is of gen-

eral nature and  applicable to other cases where classification and following prices of representative

items from each class is difficult. A good example would be construction of wage indices, where

both the job characteristics and the qualifications of the worker affect wages and hence neither fol-

lowing the wages in same jobs nor wages of the same individuals is under all circumstances satis-

factory. Hopefully the paper presents a good example of incorporating academic research with the

practical needs of official statistics.
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Appendix 1.
User cost index

(alt. 3)
 jul99=100

Period Average
nominal
quarterly

interest rate.
Commercial
and savings

banks.

10-year long-
term interest
rate on gov-

ernment
bonds

User cost
(alt. 1)

Figures in
EURO

User cost
index

(alt.  2)
jul99=100 Assuming house

price change = 2.0
%

Assuming house
price change =

9.8 %

Rental
equivalence
jul99=100

Jul.99 5.8 -1411 100.0 100,0 100.0 100.0
aug.99 7.8 5.8 -1411 100.0 100,0 100.0 100.0
sep.99 7.3 5.8 124 100.7 100,5 100.0 100.7
okt.99 7.3 5.8 124 100.7 100,5 102.5 100.7
nov.99 7.3 5.8 124 100.7 100,5 102.5 100.7
des.99 7.1 5.8 -313 106.1 101,0 102.5 101.0
jan.00 7.1 5.8 -313 106.1 101,0 105.0 102.6
feb.00 7.1 5.8 -313 106.1 101,0 105.0 102.7

mar.00 7.1 5.8 -1103 115.6 101,5 105.0 102.9
apr.00 7.1 5.8 -1103 115.6 101,5 107.5 103.5
mai.00 7.1 5.8 -1103 115.6 101,5 107.5 103.5
jun.00 7.4 5.8 -1336 127.2 102,0 107.5 103.8
jul.00 7.4 5.8 -1336 127.2 102,0 110.2 104.0

aug.00 7.4 5.8 -1336 127.2 102,0 110.2 105.3
sep.00 8.1 5.8 1958 129.4 102,5 110.2 106.0
okt.00 8.1 5.8 1958 129.4 102,5 112.9 105.6
nov.00 8.1 5.8 1958 129.4 102,5 112.9 106.4
des.00 8.5 5.8 953 132.0 103,0 112.9 106.3
jan.01 8.5 5.8 953 132.0 103,0 115.6 107.5
feb.01 8.5 5.8 953 132.0 103,0 115.6 107.8

mar.01 8.5 5.8 -259 136.9 103,6 115.6 107.8
apr.01 8.5 5.8 -259 136.9 103,6 118.5 108.2
mai.01 8.5 5.8 -259 136.9 103,6 118.5 108.4
jun.01 8.5 5.8 -562 140.0 104,1 118.5 108.6
jul.01 8.5 5.8 -562 140.0 104,1 121.4 108.6

aug.01 8.5 5.8 -562 140.0 104,1 121.4 108.9
sep.01 8.5 5.8 1024 138.8 104,6 121.4 109.7
okt.01 8.5 5.8 1024 138.8 104,6 124.3 109.9
nov.01 8.5 5.8 1024 138.8 104,6 124.3 110.6
des.01 8.4 5.8 1154 135.3 105,1 124.3 111.8
jan.02 8.4 5.8 1154 135.3 105,1 127.4 112.8
feb.02 8.4 5.8 1154 135.3 105,1 127.4 112.4

mar.02 8.0 5.8 -233 139.4 105,6 127.4 113.1
apr.02 8.0 5.8 -233 139.4 105,6 130.5 113.6
mai.02 8.0 5.8 -233 139.4 105,6 130.5 114.3
jun.02 8.0 5.8 -322 147.2 106,2 130.5 114.7
jul.02 8.0 5.8 -322 147.2 106,2 133.7 115.1

aug.02 8.0 5.8 -322 147.2 106,2 133.7 114.9
sep.02 8.5 5.8 2445 143.6 106,7 133.7 115.1
feb.02 8.5 5.8 2445 143.6 106,7 137.0 115.1
nov.02 8.5 5.8 2445 143.6 106,7 137.0 115.4
des.02 8.5 5.8 1198 131.1 107,2 137.0 115.6
jan.03 8.5 5.8 1198 131.1 107,2 140.3 117.1
feb.03 8.5 5.8 1198 131.1 107,2 140.3 117.4

mar.03 7.5 5.8 -9 121.2 107,8 140.3 117.8
apr.03 7.5 5.8 -9 121.2 107,8 143.8 118.8
mai.03 7.5 5.8 -9 121.2 107,8 143.8 119.0
jun.03 6.6 5.8 442 97.6 108,3 143.8 119.2
jul.03 6.6 5.8 442 97.6 108,3 147.3 119.3

aug.03 6.6 5.8 442 97.6 108,3 147.3 119.4
sep.03 4.8 5.8 748 91.9 108,8 147.3 119.6
okt.03 4.8 5.8 748 91.9 108,8 150.9 119.7
nov.03 4.8 5.8 748 91.9 108,8 150.9 119.9
des.03 4.4 5.8 200 91.9 108,8 150.9 120.1
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Stefan Linz and Timm Behrmann160: Using Hedonic Pricing for the
German House Price Index

1. Introduction
The objective of official price statistics is to measure what we call �pure� price changes, purged of
the adulterating influence of changes in consumption patterns, types of goods and quality features.
This essentially reflects the Laspeyres Principle of once defining a basket of goods and keeping it as
constant as possible over a defined period of time.
Especially, the price of an item at two separate times can only be usefully compared if the quality of
the item remains constant. If this is not the case, quality adjustment is undertaken in order to intro-
duce the monetary value of an item�s quality change into price observation. Hedonic methods con-
stitute a specific quality adjustment technique. The hedonic method uses regression analysis to
measure the influence of product features on the sale price. Thus price changes due to qualitative
changes in certain features can be distinguished mathematically and purged from the pure price
change which the price index is actually called upon to measure.161

In 2002 the Federal Statistical Office in Germany began an extensive programme for introducing
hedonic techniques of quality adjustment. Figure 1 provides an overview of the stages in this sched-
ule.
As a first step the hedonic method was introduced in June 2002 to the regular monitoring of prices
for home computers.162

The second step for the German Federal Statistical Office was to evaluate the quality adjustment
procedure hitherto applied to the consumer price index for motor vehicles. A hedonic price index
was calculated parallel to the existing price index for new cars. Analysis demonstrated that, for new
cars sold in Germany, quality changes due to technological progress are adequately indicated by the
�traditional� method of quality adjustment which is so called �Option Pricing� in this case. No sys-
tematic deviations between the two indices were observed. The Federal Statistical Office has, there-
fore, not incorporated the hedonic method into its quality adjustment techniques for new cars, re-
taining instead the well-proven and significantly cheaper traditional approach.
The third step was to design a hedonic price index for used cars. In May 2003 a used car price index
based on the hedonic approach was included in the consumer price index163. One year later, in May
2004, hedonic producer, import and export price indexes for selected data processing equipment
have been implemented in the respective indices. Furthermore, work is currently progressing on
hedonic price indexes for the categories �electrical home appliances� and �consumer electronics�.

                                                
160 Federal Statistical Office of Germany
161 On hedonic price determination cf. inter alia: Griliches, Zvi (1971) Price Indexes and Quality Change, Studies in
New Methods of Measurement, edited by Zvi Griliches for the Price Statistics Committee Federal Reserve Board, Har-
vard University Press, Cambridge, Massachusetts. Brachinger, H. W. (2002) Statistical Theory of Hedonic Price Indi-
ces, Working Paper, available in English at: http://www.unifr.ch/stat/en-home.php.
162 Cf. Linz, Stefan and Eckert, Gudrun, Introducing hedonic methods in price statistics, available at:
http://www.destatis.de/download/e/preise/hedonic-engl.pdf.
163 Cf. Linz, Stefan and Dexheimer, Verena, Hedonic Methods of Price Measurement for Used Cars, available at
http://www.destatis.de/download/e/preise/hed_used_cars.pdf
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Figure 1: The Federal Statistical Office programme for implementing hedonic methods

Index position Project status

Consumer prices for home computers Hedonic index introduced in June 2002
Consumer prices for new cars Evaluation completed in January 2003. Hedonic methods are

not used to calculate this price index as no systematic devia-
tions were observed between the techniques.

Consumer prices for used cars Hedonic price index implemented in May 2003

Producer, import and export price indexes for
electronic data processing equipment

Hedonic price indices implemented in May 2004

Consumer prices for owner occupied housing Preliminary results in 2004

Consumer prices for electrical home appliances
and consumer electronics

Work in progress

The present paper deals with the development of a hedonic price index for �Owner Occupied
Housing� in Germany. It is based on the findings and experiences the Federal Statistical Office of
Germany has gained within a pilot study initiated by the Statistical Office of the European Commu-
nities (Eurostat).
Primary aim of the �Harmonized Index of Consumer Prices (HICP)� is to provide a measure of con-
sumer price inflation on a comparable basis. Nevertheless, the coverage of the HICP is still different
in most national Consumer Price Indices. Thus, for example, the HICP includes information on
shelter prices that refer to actual rentals for housing paid by tenants, but actual prices for owner oc-
cupied residential property are still excluded up to now. The exclusion of Owner Occupied Housing
is � mainly from the European Commission�s as well as the European Central Bank�s point of view
� not satisfactory and leaves a gap in the coverage of household final consumption expenditure.
Therefore a pilot study on the coverage of Owner Occupied Housing (development of �House Price
Indices�) was launched by Eurostat in a limited number of countries (including Germany) in early
2002. The hedonic index computed for this project is the main focus of this paper. Overall, in spite
of some difficulties, the main finding is that it seems feasible to compile a hedonic price index for
owner occupied housing in Germany at least on a quarterly basis.
2. Data sources
In order to avoid the implementation of an extensive new survey on purchases of turnkey-ready
houses, existing data has been used for this pilot study. For Germany, mainly the data of the con-
struction price statistics as well as the building activity statistics come into consideration. Never-
theless, there is a lack of data in the field of �turnkey ready buildings� in Germany. In order to close
this gap, appropriate data has been acquired from so-called advisory committees of land value
(�Gutachterausschüsse für Grundstückswerte�).
The main tasks of these advisory committees consist on the one hand in collecting data on the pur-
chase of buildings and dwellings and on the other hand in estimating the value of houses and land.
The advisory committees are mainly organised on a NUTS-3-level (district area level), partly on
NUTS-4-level. All of them are independent committees and based on federal (not statistical) law.
Furthermore, at present, they are not obliged to provide statistical data on the purchase of buildings.
The main problem when using the data of the advisory committees was to coordinate and harmonise
the different definitions of variables and concepts used by the committees for data collection. Nev-
ertheless, it was possible to get a lot of detailed data which are at most part appropriate for an
Owner Occupied Housing Index. A collaboration within several federal states has successfully been
initiated and will be intensified in order to cover additional regions and federal states in future
work.
The prices collected and reported by the advisory committees are real transaction prices (and not
offer prices) at the time of the conclusion of the contract between the builder (building promoter)
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and his client. For the pilot study, we could use data from five federal states out of 16 in Germany,
which refer to the years 2000 to 2002.
The amount of data reported is quite different: The largest federal state supplies nearly 400 quota-
tions per quarter of a year. The other states report much less data, sometimes only 20 quotations.
As characteristics are reported:
Physical characteristics
Type of dwelling/property type
Single-family house
Two-family/semidetached house
Terraced house
Free-standing house
Freehold flat in multi-storey buildings
Vintage
2000, 2001, 2002; if possible 1999 and 1998
Date of purchase (month, day)
Type of construction
Conventional (�Self builders�; not prefabricated)
Prefabricated
Furnishing and luxury elements (Sauna or swimming-pool included)
Cellar
Storing position for car (s)

Locational characteristics
State (�Bundesland�)
County
City
Municipality
Part of municipality
Type of quarter
Downtown district
Outskirts
Rural regions
Location of building/dwelling in general
Simple/plain
Medium/average
Good/very good

Generally price variables
Purchase price (real transaction price)
Size of the (developed) real estate/land/plot of land (in square metres)
Size of the living area (in square metres)
Proportionate price of the plot of land in relation to the total purchase price
If the proportionate price is not available: specification of the �guiding private value� (in German: Bodenrichtwert�; in
EUR/m²). The �guiding private value� is approximately equivalent to the current market price of the location/plot of land.
Building/dwelling ready for occupancy at the point of time of purchase
Building/dwelling in stage/phase of building or planning

2. Imputation Method

Hedonic methods are well-suited to account for quality changes regarding the heterogeneous prod-
uct �house� respectively �dwelling�. Each house or dwelling can be interpreted as unique, appearing
only once on the market. In contrast to other products, a house observed in the base period, will
never be exactly the same to be observed in a comparison period. Thus, the application of direct
price comparison in order to calculate price indices is not possible.
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As hedonic method, the �Imputation Method� is used and missing prices are imputed by means of
regression analysis. In figure 2 below, an example is shown for one House H0. The house H0 has
been sold in the base period with a quality of X0. The quality X is here meant as quality-vector,
which include the values of several quality features. The principle is in the picture nevertheless
shown for only one dimension of the quality.
We use the regression function f1 to estimate the price, which the consumers have to pay under the
current market conditions for a House with the old quality of X0. It is important, that the regression
f1 is calculated by using data of the current period exclusively. Then the difference between P0 and
the estimated (or imputed) price Pimp

1 gives us the pure price change in the time period considered
for the house H0.

Figure 2: Imputing a current price for an old product

In figure 2 is shown (for reason of explanation) that the imputed price P1
imp can be compared to the

actually observed price P0. For the praxis, it is useful to estimate also a price for the base period and
to compare the imputed price P1

imp with an also estimated price for t=0, which is P0
*. This proce-

dure is called Double Imputation.
The Double Imputation has the advantage, that outlier do not go into the index calculation. The di-
rectly observed price P0 may be an outlier whereas the estimated price P0

* is the conditional ex-
pected value for this model. Thus, the robustness of the index is increased. (However, the regression
functions are still calculated on the directly observed prices.)

Figure 3: Double Imputation for old products

The same procedure can then be used the other way round to impute missing prices for currently
observed houses, which have been sold in the current period. Here the regression of the base period
is used to impute a price which the consumer had to pay in the past period for a house with the cur-
rent quality X1. The regression f0 must here be calculated by using data of the previous period ex-
clusively (see figure 4).
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Figure 4: Imputation method for new products

To calculate the index, a geometric mean value of prices is computed in each period. In order to be
comparable, the two mean values must refer to the same quality level. This can be reached by im-
puting prices for the missing houses: The imputed prices must indicate the price the average con-
sumer would have paid in the respective period, when a house with a comparable quality would
have existed.
Figure 5: Whole sample with imputed and estimated prices

sub-sample base period current period

P0
imp(1) P1*(1)Houses from the

current period P0
imp(2) P1*(2)

P0*(3) P1
imp(3)Houses from the

base period P0*(4) P1
imp(4)

geometric mean t=0 geometric mean t=1

P0
imp(n)  ...imputed price to pay in time t for the quality of product n

Pt*(n)  ...estimated price to pay in time t for the quality of product n
The geometric means of the two periods are then compared in order to derive the quality adjusted
price development.
4. Regression Analysis

A first step regarding regression analysis is to address the issue of the �right� choice of the func-
tional form. Initially, the �linear model� as well as the �log-linear form� and the �log-log model�
were taken into consideration. After testing these various models, the log-log-form which is in its
basic shape a multiplicative model and therefore taking into account interactions between variables,
has proved to be most robust.
To calculate the index for single-family/two- family houses, the following regression function has
been used:
 (1) ( ) ( ) ( ) ( ) +⋅+⋅+⋅+⋅+= hausdBRWwohngrundp _lnlnlnln 43210 βββββ

εβββ +⋅+⋅+⋅ ∑ = +
8

1 665 ____
i i ikreisdstellplatzdkellerd

p � Price including plot of land in €
grund � size of plot of land [square metres]
wohn � size of living area [square metres]
BRW � class of �guiding private value�

d_haus � dummy for the type of dwelling: 1, when free-standing detached
house

P1*

pure
price

change

H0imp

H1

f0P

X

P0imp

X1

f1
H1*
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0, when semide-
tached/terraced house
d_keller � dummy for cellar/basement: 1, when cellar does exist

0, when cellar
does not exist
d_stellplatz � dummy for storing position for car(s): 1=storing pos. for car does exist

0=
does not exist
d_kreis_i � dummy for area type (1-9): 1, if area type = i, 0, if not
The figure 6 shows excerpts of outputs of the regression analysis for the first quarter of 2001 refer-
ring to detached/semidetached houses within the state �Lower Saxony�.

Figure 6: Results of the regression analysis

variable parameter standard-
error t -value

variance
inflation
factor

intercept 9,681 0,31 31,09 0,00
d_haus 0,189 0,03 6,31 1,45
ln(grund) 0,118 0,03 3,62 1,89
ln(wohn) 0,316 0,07 4,63 1,47
d_kreis_1 0,748 0,10 7,27 1,20
d_kreis_6 -0,068 0,03 -2,15 1,35
d_kreis_9 -0,162 0,10 -1,65 1,09
d_BRW_0-50 -0,165 0,05 -3,40 1,27
d_BRW_100-199 0,143 0,02 6,19 1,41
d_BRW_200-299 0,291 0,06 4,62 1,32
d_keller 0,160 0,02 7,10 1,14
d_parkplatz 0,080 0,02 3,84 1,12

The site of the house plays an important role for the price. The site is represented by dummy vari-
ables for the area type as well as by the so called �guiding private value� (Bodenrichtwert). The
�guiding private value� is approximately equivalent to the current market price of the location/plot
of land. It is classified, so that only the cross-sectional information goes into the regression analysis.
An overall price increase of the guiding private value would not be measured as increase of quality.
As a result, increasing prices due to higher land prices will be identified as �pure price increases� by
the index. The house price index is therefore an index including the price of the house as well as the
price of the plot of land.

5. Preliminary Results

The following results point out first experimental indices for turnkey ready buildings with regard to
different federal states. In particular, for the East German federal states (Saxony, Saxony-Anhalt
and Mecklenburg-Western Pomerania) the samples seem to be to small in part, because the results
of the regression analysis for each of these federal states are unsatisfactory due to a lack of obser-
vations. Therefore, the data of all the Eastern federal states were pooled and aggregated in order to
perform regression analyses which lead to suitable results. Thus, the following results show first
price indices for Lower Saxony and East Germany (consisting of the three federal states mentioned
above) only. The development of the index is quite similar for Lower Saxony and the Eastern
Länder. There is a significant price increase in the 4th quarter of 2001 succeeded by a price decrease
in the first quarter of the year 2002. This is probably due to the anticipation by the consumer of a
new administrative housing regulation introduced in the beginning of 2002. Also, the number of
purchases declined in the beginning of 2002.
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Figure 7: Price indices for housing in Germany

Overall, in spite of some difficulties, the main finding is that it seems feasible to compile a hedonic
price index for owner occupied housing in Germany at least on a quarterly basis.
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Session 4: Quality Control of Price Index Production Processes
Moderator: George Beelen, Statistics Canada

Summary of Session

The papers considered under this topic covered quality measurement and evaluation, outlier
detection for editing, and quality assurance of price index production processes.

Estimates of sampling errors are important in allocating sample sizes, in production as a tool for
editing, and for users of statistics in judging quality.  The use of two-dimensional designs with
elements of non-probability sampling methods, annually updated samples and complex estimators
creates problems when estimating sampling variances for CPI-statistics.

Anders Norberg�s paper considers variation in price changes by use of analysis of variance models
with one locality and one item effect and an error corresponding to the selection of product offers.
The implications for sample allocation are discussed.

Variance estimators in analytical forms, expressed in schemes of resampling procedures and model-
based formulas are tested in a large simulation study. A �random groups� method is proposed. This
method makes it possible to estimate the variance for complex functions of index links such as the
annual change of quarterly average inflation rates.

In discussion of the paper, Bert Balk observed that there are three possible approaches to estimating
price index sampling error: normal statistical methods in cases of probabilistic sampling; stochastic
approaches using analysis of variance and empirical approaches.  He observed that empirical
approaches appear to result in higher estimated sampling error than the other two approaches.
Several comments noted the importance of more research on the issue of confidence intervals for
price indices using non-probabilistic samples.

Hedonic quality adjustment methods are relatively expensive.   The paper by Fenwick et al
discusses strategic and practical issues in the choice of explicit quality adjustment methods,
particularly the use of hedonic regression.  The paper describes an approach to choosing a priori
those components of the CPI where hedonic quality adjustment methods can be applied to
maximum benefit to the statistical integrity of the index, thereby providing a means of strategically
focusing resources in the application of hedonics.

In discussion of the paper, David Fenwick estimated that hedonic quality adjustment methods were
potentially justified for only a relatively small number of CPI components, perhaps 10-20 products
groups, based on the approach used.  Y. Finkel suggested three broad categories of products as
likely candidates for the use of hedonic quality adjustment based on importance and degree of price
change criteria: seasonal products, technology products and owner-occupied housing.

Another important activity affecting quality is statistical editing.  It is important to focus editing
resources on those prices most likely in need of adjustment. A note by Carsten Boldsen Hansen on
the use of the Hidiroglou-Berthelot method in the Danish CPI was presented.  The HB method
identifies an acceptance interval based on median and quartiles of price changes where those price
changes outside the interval are identified as outliers and therefore as possible errors.  The note
described a step by step procedure used to apply the method in the Danish CPI.  For the Danish CPI
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all outliers influencing the monthly elementary aggregate indices by more than one percent are
checked, as well as extreme outliers even if they have no significant influence.  Based on
experience to date, the HB method as applied seems to identify too many outliers, a very high
proportion of which turn out to be correct.   Some adjustments in the parameters used are being
considered to reduce the number of outliers detected.

In discussion of the paper, the assumption of a normal symmetric distribution of price relatives was
questioned.  Testing of this assumption seems warranted.  The use of logs of price relatives may be
appropriate.  Sensitivity testing using different thresholds for outlier detection seems an obvious
step, but it was noted that few statistical agencies� price index systems are designed to perform such
testing cost-effectively.

Price index production processes are varied and complex, and are conducted under conditions of
strict production deadlines and usually non-revisability.  Thus quality assurance processes to ensure
that established work procedures are followed and contribute to quality are crucial.  Two papers in
the session from Switzerland and Israel discussed quality management approaches used in the CPI
context.  The Swiss CPI paper discusses a Total Quality Management approach to the monthly CPI.
The European Foundation for Quality Management (EFQM) approach was applied in the Israel
CPI.

In discussion of these papers, it was observed that the use of the word �error� (as in having a goal of
�zero error�) in the context of quality assurance processes is in a different sense of the word than
�statistical error�.   In TQM for example, �errors� are defined as instances where established
standards and procedures have not been followed, whether or not that leads to error in the data.  But
statistical error refers to the uncertainty such sampling errors, which are inherent in any sampling
approach.  The use of Quality Management consultants was felt to be appropriate as advisors but
not in deciding suitable procedures in the price index production context.  Y. Finkel suggested that
one effective strategy to increase documentation of processes was to it in formalized workplans and
performance evaluations of staff, as is done in Israel.

Recommendations for Statistical Agencies

1. Statistical agencies should be encouraged to conduct more research into the production of
confidence interval estimates for price indices, whether based on probability or non-
probability sampling approaches.  Traditional standard error estimates are more feasible in
the context of probability sampling.  Empirical or stochastic approaches to sample error
estimation are possibilities when non-probability sampling is used.

2. The distribution of errors should be analysed when designing outlier detection strategies for
statistical editing of price change.  Statistical agencies should investigate means of making
their processing more amenable to performing sensitivity testing of different statistical
editing options.
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Anders Norberg164:  Comparison of Variance Estimators for the
Consumer Price Index

Abstract Estimates of sampling errors are of importance for survey designers when allocating sam-
ple sizes, in production as a tool for output editing and for users of statistics in decision making.
The use of two-dimensional designs with elements of non-probability sampling methods, annually
updated samples and complex estimators creates problems when estimating sampling variances for
CPI-statistics.

In this paper the character of variation in price changes is studied by use of analysis of variance
models with one locality and one item effect and an error corresponding to the selection of product
offers. This yields valuable information for the sample allocation work.

Variance estimators in analytical forms, expressed in schemes of resampling procedures and model
based formulas are tested in a large simulation study. A random groups method is proposed. This
method makes it possible to estimate the variance for complex functions of index links such as e.g.
the annual change of quarterly average inflation rates.
.

1 Introduction
Measures of statistical errors can be used:

•  to inform the users on the quality of the statistics,
•  in the choice of statistical parameters,
•  as a basis for a better allocation of resources in the production process and
•  to detect possible serious errors in the data (output editing).

The study in question here was initiated to meet the needs of the first of the above-mentioned ob-
jectives for the users of the Swedish Consumer Price Index, KPI. One of the methodology ap-
proaches that were tried is, however, particularly appropriate for resource allocation.

Dalén and Ohlsson (1995) worked out a variance expression for the KPI's short-term index link in
the daily necessities system. They also put forward a proposal for an estimator for the variance. The
daily necessities system is a two-dimensional sample. Here we have one probability sample of out-
lets selling daily necessities and three samples of products, one for each of the three outlet chains
that have a dominant market share.

For goods and services other than daily necessities, the price collector makes a choice among the
products available within a more or less broad definition of the representative item. The person
collecting the prices also decides which replacement products should be chosen when he or she
must find a replacement product. This person should also make an evaluation on the quality of the
products. On a micro level, "changes in price" therefore very often occur when replacement prod-
ucts are chosen. The choice of product offers, including quality evaluations, may influence the in-
dex and its variance more than the choice of outlet or representative item. This has not been suffi-
ciently investigated in Sweden. It could even be that the �sample� of price collectors is significant
for the variation in data. We can expect the variance estimator suggested by Dalén and Ohlsson
(1995) to overestimate variance if it is applied to the sample dimensions outlets and representative
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items, and if the variance between products is large in comparison to the variance between the rep-
resentative items.

In this paper, a further number of proposals for variance estimators are given. Simulations have
been carried out to compare them. These simulations have been carried out partly on completely
synthetic populations and partly on populations taken from KPI data.

Balk (1989) and (1991), Caron and Duval (1994) and Shoemaker and Johnson are examples of
work done on estimation variances for price indices.

Bases, formulae and calculation systems in Sweden's consumer price index today are described in
section 2. Section 3 gives details of eight variance estimators. The results of the simulations with
these estimators are reported in section 4. Certain applications and results are presented in section 5.
The conclusions of the study, with recommendations for methods, are given in section 6.

2 General principles and methodology of the Swedish KPI today

The basic principle
The 1943 Index Commission (SOU, 1943) undertook a review of the foundations of the index. The
idea that, as a matter of principle, the index should refer to the same standard of living in two dif-
ferent time periods was explicitly outlined. The method of calculating the index, still termed the
�Cost of Living Index�, was revised. From then on, it was computed as a chained index with annual
links, in which the weights apply to the current year. The basic link in the index is defined as the
price change between two successive Decembers, with quantity weights representing the whole
calendar year between them. Longer-term comparisons could be obtained by multiplying successive
links together into a chained index.

The chained index today
The current index base year is 1980. For each successive new link, weights are recalculated based
on new information. We make a distinction between this long-term link (L), which uses quantity
weights Qy from year y and the short-term link (K), which uses quantity weights Qy-1 from year y-1.
The definitions of the links are
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12-month changes
When 12-month changes are published, the long-term index component is replaced by the corre-
sponding short-term component. One reason for this procedure is that the long-term component
includes substitution effects that do not represent the current 12-month period and another reason is
the need for international comparability. The price change from Y-1,m to Y,m is thus calculated as:
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The 12-month changes according to (3) are often used for monitoring inflation. For example, the
inflation target of the Swedish Riksbank (the Central Bank) is the moving average of twelve 12-
month changes.

Index aggregation at the higher level
The National Accounts provide values of consumption, V, at the higher KPI aggregation levels.
These are defined as "price times quantity", in our notation, V=P*Q.  Up-to-date National Accounts
consumption values today exist for more than 100 consumption categories. During the annual
weight revision new National Accounts values are brought into the index. Below the level where
National Accounts values are available, it is necessary to vary procedures. Household Budget Sur-
veys (HBS) are used for breaking down many NA categories into smaller groups. For food, Statis-
tics Sweden aggregates scanner data received from the three leading chains in the retail market. As
December is the linking month, the item weights are computed proportional to these annual con-
sumer values price-back-dated and price-up-dated for the long-term and short-term links respec-
tively.

Index aggregation at lower levels
At the lowest level, elementary aggregation, the KPI generally uses the RA formula in the sense of
Dalén (1992).
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New index construction
In the Swedish KPI publication for January 2005 and onwards, the KPI numbers will be computed
by using an improved index construction. Like now, the KPI will also subsequently be computed as
a chain index with annual links. In the new construction the annual link will measure how much the
average price level in the year concerned has changed from the average price level of the preceding
year. The CPI basket of the annual link will reflect a blend of consumption patterns of the year con-
cerned and the preceding year, according to a Walsh-formulae.

The new index construction will also make it possible to use more data from the national accounts
and to use them more accurately for the index weights. A further change is that sub-indices on the
lowest levels of aggregation will be computed as geometric means of price relatives.
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Central and local price collection
There are basically two different modes of price collection. For most services and some goods, the
central staff collects the prices, either by telephone or using a small-scale postal survey. This proce-
dure is referred to as central price collection. Owner occupied housing and rents are also parts of
the central price collection. Alcohol and medicine are sold by state monopolies in Sweden and price
indices are computed without sampling errors.

For many goods and services, there is local price collection. The specifications for so called repre-
sentative items are established centrally. In some cases, the specifications are broad and the price
collectors can select the "most sold" product (a product offer) within the specification in a selected
outlet. In other cases, the specifications are tight and the price collectors pick corresponding prod-
ucts in the sampled outlet or, if one is not found, omit the product.

Prices are collected by price collectors by visiting the outlets directly or by a telephone call. The
collection process takes place on an optional day in the week in which the 15th of the month occurs.
In each outlet, from one up to as many as 500 prices are observed. In all, some 25 000 prices in 900
outlets are observed in the local price collection.

Sampling methods in local price collection

Sampling of representative items in the daily necessities system

For foodstuffs (except for fresh food, such as meat and vegetables) and other daily necessities,
product sampling is carried out by Pareto π ps (see Rosén(2000)), using sampling frames provided
by the three major retail chains in Sweden. These are estimated to be some 80% of all goods sold in
supermarkets. The sampling frame covers products at a detailed level, where a unique price nor-
mally exists, for example � EAN = 7331040056126 Coca Cola Light, plastic bottle, 1.5 litre�.

Three different product samples of 400 products each are created, one for each of three outlet
chains. The product samples are then matched to the outlet sample according to the chain to which a
sampled outlet belongs. Only product offers in the sampled outlet are thus included. This reduces
the effective product sample size in each outlet to some 250-300 product offers. There are 40 su-
permarkets and 9 hypermarkets in the outlet sample.

Sampling of representative items in clothing and other local prices systems

For clothing, furniture, other goods sold in the retail trade and services, such as restaurants, the rep-
resentative items are chosen and specified judgmentally, in a manner typical for consumer price
index methods in most countries.

Outlet sampling in local price collection

In product groups, where local price collection is used, outlets are divided into 50 retail trade and
service strata according to SNI code (Swedish Standard Industrial Classification, which closely
follows NACE, Rev. 1, the EU standard). In each stratum, a sample of outlets is drawn from the
Business Register by an order π ps technique. This first gross sample is drawn about 6 months be-
fore the year in which the sample is to be used. This sample is then screened, both in the central
office and by the price collectors visiting the outlets, and some of the sampling units initially drawn
are excluded for various reasons. For example, they may be offices rather than outlets, or they may
not sell any products fitting the sampled items.
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A sample design with overlapping panels is implemented by the use of random numbers perma-
nently associated with every outlet in the sampling frame. Sampling rotation is performed so that
20% of the random numbers are changed every year. Combined with changes in the sampling
frames, this results in some 70-75% of outlets remaining in the sample from one year to the next.
See Ohlsson (1990 and 1995) or Statistics Sweden (2001) for a description of this technique.

New and disappearing products and outlets / replacements
New samples are introduced when a new index link is started up in December, when both the old
and the new item and outlet samples are measured. In this way, an overlap is created, so that the old
sample is used for back comparisons and the new sample for forward comparisons, without any
explicit quality adjustment. To the extent that the market is in equilibrium, so that the price differ-
entials between the old and the new sample in December reflect genuine consumer valuation of
quality differences, and that both samples adequately represent the population of product offers, the
estimator of price changes is unbiased. For clothing and footwear, the former requirement is not
fulfilled and an adjustment for obsolescence of the old sample is made. Where an outlet remains in
the sample from one year to the next, the sampled product offers are normally not exchanged in
December.

The replacement of a particular product offer with another in the same outlet is caused by the dis-
appearance or reduced significance of a product offer. In this case, a quality adjustment is normally
done.

Outlets are not replaced during the year. New outlets are only introduced in the course of updating
samples in December. In those, very few, cases where an outlet is closed down or price measure-
ments cease to be possible for some other reason, that outlet�s products offers are deleted.

Quality change
Quality adjustment in the clothing system

The rapid changes of items in the clothing market make advanced and complex methods for dealing
with replacements and quality adjustments necessary. For this reason, hedonic models of the rela-
tionship between clothing prices and characteristics are formulated and estimated. The adjustment
for obsolescence is also significant. Due to the needs of the hedonic model method, data collection
and processing is more expensive than for other product areas.

Quality adjustment for other products in the local price collection

Here, the price collectors perform the adjustments. By quality difference is understood a difference
in function, comfort, durability, security, guarantees and easiness of handling etc.. Differences in
quality are to be valued from the viewpoint of the consumer. The price collector should try to assess
how the average consumer experiences differences. This is difficult and in practice it means that
he/she will have to use his/her own assessment of the differences.

Non-quality adjustment products in local price collection

For products where quality adjustments are not made, but package size has been altered, only new
package sizes where the quantity change is less than 50% are accepted as replacements. A propor-
tional adjustment is then made so that the price effectively becomes a price per quantity unit.
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In other cases, where a product offer can no longer be found, it is deleted and the price change is
imputed from the rest of the product offers in the product group.

3 Variance estimation methods
Variance is a statistical measure of variation for a random variable. When, as is the case here, the
random variable is a measurement of a studied phenomenon (inflation) we can interpret the variance
as a measure of statistical uncertainty. The uncertainty we are analysing here is restricted to the fact
that inflation is calculated using samples of outlets, representative items and product offers - it is
not possible to collect data on all transactions in society. There are other sources of errors in statis-
tics, which can be considered more serious. In Dalén (1999), sources for the bias and size of them
are assessed.

Problems
•  One condition for the concepts of variance and variance estimates is that we, in principle,

have statistical samples, i.e. samples that have been selected using random methods and with
known probability. This is not always (read: seldom) the case in CPI-surveys.

•  Two-dimensional sampling of outlets and products is not covered in the traditional statistical
literature. This design is the only design for probability sampling that is practical to handle
for a CPI-survey.

•  Outlet samples are rotated once a year in a coordinated way.
•  The estimators are complex, including index links from more than one year.

For the Swedish KPI the condition on statistical samples is fulfilled with regard to the outlet sample
and the product sample in the daily necessities system. For clothes and other locally priced items,
we must compromise with the principles and consider the sample of items and/or product offers as
random. We can either see them as:

•  A random sample of representative items in the first stage and the collection of the "most
sold" product offer within the representative item, which would not mean a choice in the
second stage, neither deliberate nor random.

•  A random sample of representative items in the first stage and a random (at least arbitrary)
sample of product offers in a second stage, independently drawn in each outlet.

•  A stratification of the markets by the representative items, which therefore covers all or a
large part of the market, and a random (arbitrary) sample of product offers in one single
stage, independent between outlets.

The inclusion probability
The inclusion probabilities for outlets and representative items and product offers are essential for
the estimation of variance. For judgemental samples we have to impute values. There are different
situations. For clothing the sample of representative items cover a large part of the market and the
�inclusion probabilities� are high but there are many product offers to chose among and the propor-
tion is low. For veterinarian services the CPI-statistician has chosen one specific service among
many and there is perhaps no more than one product offer to chose among (compare the Swedish
daily necessities system).
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Taylor linearisation
Dalén and Ohlsson (1995) have derived the variance expression for an index based on a two-
dimensional sample and suggest an estimation of the variance. The variances and variance estima-
tors have three terms that can be interpreted as variance between products, between outlets and an
interaction term.

Let gm   be the sampled number of products in product group g,  hn   be the number of outlets in
outlet group h and ghv   be the weighting, based on sales during one year, for the combination (g, h).

The weighting is standardized so that ∑∑ =
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Dalén and Ohlsson suggest, after some the following variance estimator for I� .
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Standard formulae for one- and two-stage OSU
Under the assumption that the setting of prices in a market, say retail trade of furniture, is not de-
cided by one outlet changing their price strategy or by the price for one type of furniture (a repre-
sentative item) changing overall, it could be a reasonable approximation to consider the collected
data as generated as a simple random sample, SRS, from the whole population of products offers in
the country. Variance estimators according to standard formulae for stratified SRS from the whole
market, is a reference method.
Two-stage sampling, with stratified SRS of outlets in the first stage and independent stratified SRS
of products offers per outlet, and vice versa, are also interesting and easily calculated alternatives.

Replication techniques
A number of techniques based on replication have been suggested for variance estimation in the last
50 years. Independent and dependent random groups, balanced half-samples, the jackknife and the
bootstrap are well-known examples (Wolter (1985)). In certain situations, one or more of them are
not suitable.

IN THE CASE OF THE KPI, THERE ARE SOME CONSIDERATIONS TO BE MADE:

•  There are many strata, both in the outlet and in the product dimension. The sample sizes in
some outlet strata is as small as six, and, in the product dimension, only two or even one
representative item.

•  Some sample units, outlets as well as representative items, are selected with certainty and
some are selected with high inclusion probabilities, while most sample units are selected
with small inclusion probabilities.

•  The samples are updated once a year. We require a variance estimating procedure that, in
the best possible way, measures the effect of rotating outlet samples, the introduction of new
goods and services and new item weights on sampling variance.

We propose a repetitive use of the dependent random groups method with the minimum number of
random groups, k=2, in each repetition.

Repeated random groups (1)
The basics are this: An estimator Y�  is based on a sample. The full sample is divided into k sub-
samples, each with 1/k of the sample units, so that the design of each sub-sample in best manner is
the same as the full sample regarding stratification, rotation, etc. The estimator αY� , based on sub-

sample α  looks like Y� . An estimator of the variance of Y� is ( )2
Y�Y�
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variance estimators is proposed:
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The value k = 2 is an extreme, here a sub-sample contains of half of all data and we create the esti-
mator ½

�Y . An estimator of the variance for Y�  is ( )2

½
�� YY − . This estimator has only one degree of

freedom and we cannot extract much more information from the two half-samples. Now we esti-
mate the variance many times by repeatedly drawing "half samples" and take the mean value of
estimated variances to ensure sufficient quality in the final variance estimator.

Up to this point, we have used established theories. How can a good variance estimator be produced
when we meet a two-dimensional sample? The following procedure is a trial, which has been tested
in a simulation study.
Let us draw a "half sample" in both dimensions so that, as a result,
we only include a quarter of all data. Study this random breakdown
of a total sample:

Let x11, x12, x21 and x22 be the sums of a variable X for the same
number of objects in the four boxes. With a little algebra, we get the
following
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We can call these three terms between-outlet, between-items and interaction sums of squares

The finite population corrections for certain large sample probabilities can be significant for a con-
sumer price index. The use of explicit corrections is impractical, particularly as there are many
strata and the sample probabilities for outlets and products vary and are different from year to year.
Denoting the inclusion probability with π , the finite correction factor is ( )π−1 .

Let us test the following procedure. We are looking for the individual value of k (�number of ran-
dom groups�, which no longer need to be a whole number) per sampled object (individual outlet

and product respectively) which is such that ( )
1

11
−

⋅−
k

π  is equal to 1.

In this way, the effect of the finite population correction is hopefully included in the procedure to
select a replica of the sample. We choose to set this to 1 because when k=2 and no finite sampling
correction factor is considered, the expression in front of the squared deviation is 1. In this way we
get a very simple calculation formula. A little algebra leads to the "half sample" probabilities

)2/(1p ii π−=  that are in the range 0.5 � 1.0.

 Because we now select slightly over half of all outlets and
items/products in a "half sample", it is in practice appropriate to
select only one of the four "half samples", say the one based on the
box r=1  and  c=1.

With Q repetitions of the procedure, we get the variance estimator

x 1111Y�
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( ) ( )∑ −=
Q

q

2
q11)1(RG Y�Y�

Q
1Y�V� (16)

Random groups estimation with two-stage sampling (2) and (3)
According to Wolter (1985), page 31, when selecting a multi-stage sample, random groups should
be created by, in a random way, dividing the sample of primary selected units, PSU, into k groups,
while keeping the original sample design as much as possible. All samples in later stages should
remain undivided. Also, since finite population corrections are not used, variances may be underes-
timated.

Assume we measure variable Y in a two-dimensional population. The measurement value is yij for
the i th sample unit in the first dimension and the j th sample unit in the second dimension.
Let iY� be an estimator of iY based on any design with a probability sample of second-stage units. An
estimator of a total Y from a simple random sample of n PSUs, with the replacement from a popula-
tion with N is

∑
=

⋅=
n

1i
iY�

n
NY� (17)

The usual variance estimator for the HT-estimator of a total Y from a SRS without replacement of n
PSUs from a population with N and SRS without the replacement of mi second-stage units from Mi
is
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where ( )
2m
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Analysis of variance have shown that price changes in many markets occur in an apparently random
manner; they cannot be explained by the effects of either the outlets or the items. Let us assume that
we have a two-stage sample from a two-dimensional population with NM objects in which the
measurement values yij have been generated as random figures, i=1,...,N and j=1,...,M.  On "aver-
age" therefore, all 2

wis  are the same and can be taken as the mean of the measurement values for all
first-stage units according to the following:
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We can now propose the following variance estimator:
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With a random groups design with a total variance
that is the sum of the between-outlets, between-
products and interaction variances, we now form a
variance estimator consisting of the between-outlets
variance plus the sampling fraction for the outlet
sample (n/N) multiplied by the between-products
variance, or vice versa166.
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We convert this variance estimator into one combined procedure for repeated random half-
sampling. Say we have already chosen a "half sample" of first-stage units (outlets2) with the prob-
abilities )2/(1p )1()1( π−= and all second-stage units (items). N

n
)( =1π  for the first stage units

and M
m

)( =2π for the second-stage units.  Now we would also select a "half sample" of second-

stage units (items) so that ( )
1k

11 )2()1( −
⋅−⋅ ππ  becomes 1, which means that the second-stage units

(items) should be selected with the probabilities

( ))2()1(
)2( 11

1
k
1p

ππ −⋅+
== . (24)

This can be illustrated this way. Depending on the sampling probabilities in
the first and second stages of sampling, for each first-stage unit we select
varying proportions of second stage units into the half-sample.

We see, that if a )1(π  is close to zero, we shall select all second-stage units
within the PSUs in the text-book manner.

We see also, that if a 11 =)(π , we shall select second-stage units within the
PSU in the same way as we have selected the PSUs when 11 <)(π .

x 11.1Y�

The estimator based on Q replications is

( ) ( )∑ −=
Q

q

2
q11)3(RG Y�Y�

Q
1Y�V� (25)

                                                
166 Which is considered as first- and second-stage units of outlets and products depends on the homogeneity of the de-
scriptions of the representative items.
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TABLE 1  THE PROPORTIONS OF SECOND-STAGE (2) UNITS TO BE SELECTED INTO A �HALF-SAMPLE� PER
FIRST-STAGE UNIT (1), DEPENDING ON THE SAMPLING PROBABILITIES IN THE FIRST AND SECOND SAM-
PLING STAGES

)( 2π

)( 1π 0.0 0.5 0.9 1.0

0.0 1.00 1.0
0

1.0
0

1.0
0

0.5 0.67 0.8
0

0.9
5

1.0
0

0.9 0.53 0.6
9

0.9
2

1.0
0

1.0 0.50 0.6
7

0.9
1

1.0
0

TABLE 2  THE OVERALL PROPORTIONS OF UNITS TO BE SELECTED INTO A �HALF-SAMPLE�, DEPENDING
ON THE SAMPLING PROBABILITIES IN THE FIRST AND SECOND SAMPLING STAGES

)( 2π

)( 1π 0.0 0.5 0.9 1.0

0.0 0.50 0.5
0

0.5
0

0.5
0

0.5 0.44 0.5
3

0.6
3

0.6
7

0.9 0.48 0.6
3

0.8
3

0.9
1

1.0 0.50 0.6
7

0.9
1

1.0
0

Table 3 presents the testing of this procedure for variance estimation for eight synthetic populations.
A model generates PSUs with a large within-PSU variance. We compare the variance estimator

( )Y�V� )3(RG  with a "half sample" estimator of variance for PSUs only, expecting an underestimation
for the latter. The populations have 100 PSUs and 100 second-stage units for each PSU. Table 3
shows that the variance estimator without "within PSU component" has a negative bias and also that
our proposed estimator ( )Y�V� )3(RG  is positively biased, but generally not as much.
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Table 3 Estimated variances after two-stage sampling with the repeated random group method in
relation to an empirical true variance. The result of simulations with varying sample probabilities
from populations in which the measurement variable is a linear function of a row and a column
effect.
Simple = random groups defined only for PSU,
Double = random groups defined for both first- and second-stage units = ( )Y�V� )3(RG .

)( 2π

0.0�0.4 0.0�1.0 0.6�1.0 1.0

)( 1π Simple Dou-
ble

Simple Double Simple Double Sim-
ple

Double

0.0�
0.4

0.89 1.12 1.00 1.07

0.0�
1.0

0.88 1.10

0.6�
1.0

0.60 1.12 0.73 1.10 1.01 1.01

0.8�
1.0

0.59 1.43

1.0 0.00 1.65
Footnote:  In the categories 0.0-0.4 and 0.0-1.0, the sample probabilities between 0.0 and 0.1 are replaced by 0.1. The categories 0.0-1.0, 0.6-1.0 and
0.8-1.0 contain a number of units which have been definitely selected.
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Model-based estimation
Professor Daniel Thorburn, University of Stockholm and Statistics Sweden has contributed with a
theory we call model-based variance estimation. Dr Stefan Svanberg, Statistics Sweden, has con-
tributed with a derivation of the calculation formulae for unbalanced situations. Thorburn and
Svanberg are not responsible for possible misinterpretations or errors that have been made in the
following.

SUPPOSE THAT, AT EACH POINT OF TIME, THE PRICES FOR A PRODUCT OFFER IS SET ACCORD-
ING TO A STOCHASTIC PROCEDURE WITH FOUR RANDOM NUMBER GENERATORS. LET =ijkY
THE LOGARITHM OF PRICE CHANGE FROM DECEMBER OF YEAR Y-1 TO MONTH M OF YEAR Y
FOR PRODUCT OFFER K  IN OUTLET J FOR REPRESENTATIVE ITEM I. WE ASSUME THAT OBSER-
VATIONS ARE GENERATED ACCORDING TO

ijkijjiijkY ε+δ+γ+β+µ= , (26)

where ijhg rknjmi ,..,1,,..,1,,..,1 ===

µ   is a general mean value without variance

iβ   is a representative item effect, gm,..,1i =

jγ  is an outlet effect, hn,..,1j =

ijδ  is an interaction effect between a representative item and an outlet

ijkε is a product offer effect, ijr,..,1k =

Assume that iβ  is normally distributed with the expected value 0 and variance 2
βσ , that jγ  is nor-

mally distributed with the expected value 0 and variance 2
γσ , that ijδ  is normally distributed with

the expected value 0 and variance 2
δσ  and finally that ijkε  is normally distributed with the expected

value 0 and variance 2
εσ . In this case, ijkY is normally distributed with variance 2222

εδγβ σ+σ+σ+σ .

Assume that we have a sample. Let Y�=Σijk Yijk,  Yi..=Σjk Yijk,  Y.j.=Σik Yijk,  Y..k=Σij Yijk and Yij.=Σk
Yijk.

In an analysis of variance, the sum of squares ∑∑∑ −= 2
...ijkY )YY(SS  is split into the sums of

squares which is explained by the factors
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and the residual sum of squares

∑∑∑
= = =

−=
g h ijm

1i

n

1j

2
.ij

r

1k
ijk )YY(SSE (28)

The SAS system has a procedure for analysis of variance with random effects, which allows a
varying number of observations per cell, ijr . The result provides the basis for the calculation of es-

timates of 2� βσ , 2�γσ , 2� δσ and 2� εσ
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procprocprocproc glmglmglmglm

   data=pop;

   class outlet item;

   model pkvot=outlet item outlet*item;

   random outlet item outlet*item;;

runrunrunrun; quit;

When we have these estimators, we can also estimate variances for the mean values of logarithmic
price ratios for a sample of representative items ( gm ), outlets ( hn ) and total number of product of-
fers ( ijr ), at least if the sample of product offers is fairly similar in size for all representative items
and outlets. As long as we can generate data for a process, we get:
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When we take a sample from a finite population of outlets, representative items and product offers,
we should be able to use the following estimator of variance.

LET THE TOTAL NUMBER OF OBSERVATIONS BE ∑∑∑∑
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WE PROPOSE THIS AS A VARIANCE ESTIMATOR FOR KPI DATA, DISREGARDING THAT THE AS-
SUMPTION THAT iβ , jγ , ijδ  AND ijkε  ARE NORMALLY DISTRIBUTED OBVIOUSLY IS NOT FUL-
FILLED.
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4 Simulations
The proposed variance estimators have been tested on a number of finite populations of outlets,
representative items and products. We have created completely synthetic populations and popula-
tions with data in the KPI database. We have only one product stratum (g) and one outlet stratum
(h). We consider stratum not to be a problem in this context. From each population, we have drawn
thousands of two-dimensional samples with SRS in both dimensions. We consider varying sam-
pling probabilities not to cause any special problem compared to sampling with equal probabilities.
The samples are often large in relation to the populations (about 50 %) so that it has been necessary
to pay attention to the finite population corrections.

In tests with clothing and furniture data, we have chosen two product offers per combination of rep-
resentative item (i) and outlet (j).

The price index link has been calculated with the Swedish RA-formula in one step for the whole
sample, as in the KPI.

Daily necessities
For daily necessities in the KPI there is a two-dimensional probability sample of outlets and prod-
ucts. First, the variance estimators are tested with extreme populations to see if any estimator fails
completely under any conditions.

In population F, the between-items and between-outlets population variances are zero. When we
take a sample of products and outlets, the estimated between-products and between-outlets variance
terms are greater than zero. The structure of F is as follows:

Outlet
1

Outlet
2

Outlet
3

Outlet
4

Outlet
5

Outlet
6

Product 1 + x % + x % + x % - x % - x % - x %
Product 2 + x % + x % + x % - x % - x % - x %
Product 3 - x % - x % - x % + x % + x % + x %
Product 4 - x % - x % - x % + x % + x % + x %
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Table 4  Average variance estimates (*104) for four extreme synthetic populations of daily necessi-
ties type
Extreme synthetic popula-
tions167

Emp
i-
rical
vari-
ance

Theo
-retic
D&
O

D&O
est.

RG
(1)

RG
(2)

RG
(3)

SRS Two
stag
e
prod
. and
out-
let

Two
stag
e out-
let
and
prod
.

E. Pure random price ratios
that are uniformly distrib-
uted, i.e. no product group
or outlet effect

  3.8   3.6   6.1   6.6   3.7
Goo
d

  4.3   3.6
Goo
d

  3.6
Goo
d

  3.6
Good

G. No random effect in
price ratio, only an outlet
and a product group effect
that are multiplied to total
effect

13.1
±0.6

13.5 13.4
Good

13.7
Goo
d

  9.5   7.4   1.7   7.0   7.2

Gy. As G, but 51% of cells
lack values

16.6
±0.8

17.8 17.4
Good

17.9
Goo
d

13.0 11.2   3.6   9.0   9.4

F. Only interaction, see ex-
planation 0.31

±0.0
3

  0.32   0.90
0.93

0.43
Goo
d

0.63
1.11 0.50 0.58

The theoretical variance according to Dalén & Ohlsson (1995) is in accordance with the empirical
variance that was calculated for the thousands of samples drawn from the populations.

It seems as if the variance estimator proposed by Dalén & Ohlsson (1995), D&O, is constructed for
a population where there is a clear product effect and a clear outlet effect (population G). For this
situation, the estimator is perfect. The estimator also works perfectly when there is lack of observa-
tions in the population (population Gy).

In populations in which the price changes occur in a purely random way (E) or in which the meas-
urement process, partly due to the method for replacements and quality assessment, generates data
of this kind, the D&O overestimates. If all price ratios have been generated by a random process
with independence between outlets and between products, it is best to estimate the variance as if the
sample of price notations was a one- or two-stage SRS.

The results for the random groups method RG(1) vary similar to those of D&O est.. These two es-
timators give the same result for the populations G and Gy, where they are perfect. When D&O
systematically overestimates, as in E and F, the RG(2) and RG(3) are better than RG(1).

Table 5 shows the results for populations created from the real KPI data. These populations are
made up of many real item strata so that the between-products variance is larger than in reality - if
there is any variation between the product strata at all.

                                                
16710 outlets sampled from a population of 20 outlets and 12 products (representative items) sampled from a population
of 30 products.



203

Table 5 Average variance estimates (*104) for five populations based on KPI data on daily necessi-
ties
Populations generated by
KPI data

Empi
-rical
vari-
ance

Theo
-retic
D&O

D&O
est.

RG(1
)

RG(2
)

RG(3
))

SRS Two
stage
prod
. and
out-
let

Two
stage
out-
let
and
prod.

GROCERIES4 30 products
from cereals, cooking fat,
sweets and ice cream for 20
outlets within one retail
chain, April 2001. Imputa-
tions so that price ratios
exist for all 600 cells.

  1.42
±0.07

  1.40   1.84   1.94 1.40
Good

1.51
Good

  0.72
1.31

  0.74

GROCERIES9 As with
GROCERIES4, but in
September 2001

  0.97
±0.05

  0.97   1.29   1.38 0.87
Good

0.88
Good

  0.53
0.76

  0.69

GROCERIES9y As with
GROCERIES9, but for a
random sample of 75 % of
observations, data have
been taken away.

  1.78
±0.09

  1.51   2.86   3.31 1.88
Good

2.12   1.58
1.97

  2.18

CEREAL4y. 28 cereal
products and 24 outlets
from one retail chain.
Prices are available for 455
of 672 possible cells. April
2001.

  0.81
±0.04

  0.85   1.29   1.37 0.85
Good

0.95   0.65
1.21

  0.76

CEREAL12y. 29 cereal
products and 19 outlets
from one retail chain.
Prices are available for 335
of 551 possible cells. De-
cember 2003.

  1.67
±0.01

  1.45   2.51   2.87 1.84
Good

2.02   1.11
1.53
Good

  0.91

Table 5 indicates that it is the best to regard the sample as a two-stage sample with a sampling of
products in a first stage and independent samples of outlets in a second stage. Here the RG(2) and
RG(3) are defined to reflect a two-stage sampling design with products as PSUs and independent
samples of outlets for each PSU. RG(2) and RG(3) are closest to the empirical variance obtained
from 3 000 samples drawn.

Why do D&O est. and RG(1) overestimate the variance? One conclusion, from table 4, could be
that the product and outlet effects are weak and that price changes are generated in a way that could
be compared to independent and random for every separate product offer. In 1992, a competition
law was adopted in Sweden that forbids nearly all cooperation between enterprises when setting
prices. One exception to this is weekly campaigns, where outlet chains may cooperate. Temporary
price reductions by 10-30 % for a small number of products during a campaign week is naturally
one reason for variations in index estimations. However, coordination of campaigns is not neces-
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sarily on a national level. Outlets in the Stockholm region may have one set of products on cam-
paign and other regions may have other products within the same outlet chain. There are also a few
multi-outlet enterprises that can have coordinated campaigns across the country.

When we try to explain variation in price ratios in population in CEREAL4y with 23 dummy vari-
ables for outlets and 27 dummy variables for products in a regression model, the level of explana-
tion (R2) is only 15.61 %. Outlet variables on their own have a 6.15 % explanation level and repre-
sentative items on their own have 9.61 %. When price data are randomly distributed to outlets and
products, the level of explanation is between 7.75 % and 14.65 % for 10 such random experiments.
In the actual KPI data, coordinated variations between outlets or products are consequently not
much larger than for a completely random data.

The estimators D&O and RG(1) give almost similar results. The correlation between results for
them are at least 0.97 for the four populations in table 5. The random groups method gives system-
atically higher estimates, which we have found no explanation for.

Because of the limited set of conditions for this study, there can very well be situations where, for
example, one outlet or two in the sample suddenly changes the prices radically, depending on new
ownership or the like. As the total sample size is about 50, this can cause a significant outlet effect
and an underestimation of variance with the RG(2) and RG(3) estimators.

Clothing and other locally priced items
Clothing and other locally priced items are characterised by the price collector selecting one or
more product offers in each outlet for each representative item. In the measurement of clothing, the
sample of product offers often consists of 3-5 pieces per outlet and representative item. Furniture is
another example, where 2 products offers per outlets are sampled. This means that clothing and
furniture are interesting to use as an illustration which will hopefully be applicable to statements
about locally priced items in general.

In the following simulations, a sample of outlets and representative items is first drawn. For every
combination of outlet and representative item, 2 product offers are randomly selected with SRS. For
the D&O variance estimator, the sizes of the population and sample of representative items are con-
sidered as doubled, i.e. the two selected product offers are considered as two representative items.
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Table 6  Average variance estimates (*104) for synthetic populations of clothing and furniture type
Synthetic populations Empi

-rical
vari-
ance

D&O
est.

RG(1
)

RG(2
)

RG(3
)

SRS Two
stage
prod.
and
out-
let

Two
stage
out-
let
and
prod.

Mod
elbas
ed
esti-
ma-
tion

E2A. Population of 20 out-
lets and 30 items168. Price
ratio computed as sum of
outlet-, item-, interaction-
effects and error. Standard
deviation for Outlets = Items
= Interaction = Error = 1.0   

0.076 0.063 0.084
Good

0.063 0.048 0.009 0.038 0.042 0.078
Good

E2A:OIE. As with E2A but
without the between-item
variance.

0.063 0.068
Good

0.073 0.068
Good

0.070
Good

0.008 0.005 0.063
Good

0.071
Good

E2A:PIE. As with E2A but
without the between-outlets
variance.

0.042 0.027 0.047
Good

0.025 0.009 0.007 0.039
Good

0.005 0.043
Good

E2A:IE. As with E2A but
without the between-outlets
and between-items variance.

0.007
9

0.009
7

0.012
8

0.007
6
Good

0.007
6
Good

0.005
0

0.005
0

0.004
9

0.008
1
Good

E2A:E. As with E2A but
only with errors

0.003
1

0.004
2

0.004
3

0.002
6

0.003
0
Good

0.002
5

0.001
7

0.001
7

0.003
2
Good

E2C. Populations as E2A
with standard deviation
similar to furniture data:
Outlets=0.60, Items=1.11,
Interaction=4.70 and Er-
ror=10.32.

 0.79  1.06  1.25  0.70  0.73
Good

 0.54  0.58  0.50  0.80
Good

E2B. Populations as E2A
with standard deviation
similar to clothing: Out-
lets=7.88, Items=4.79, Inter-
action=11.13 and Er-
ror=31.21.

 5.9  7.2  8.3  5.4  5.6
Good

 3.0  3.3  4.1  6.5
Good

E2By. As E2B, but with gaps
for 50 % of the combinations
outlet x item.

15.4 19.2 23.0 13.6 14.8
Good

 9.1 12.5 13.0 16.3
Good

The model-based variance estimator is clearly the best. It is not completely perfect for populations
when there are gaps in the data.

                                                
168 10 outlets sampled from a population of 20 outlets and 15 representative items sampled from a population of 30 and
finally 2 product offers from populations of 10 within each combination of outlet and item.
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RG(3) is a random group method approximating a two-stage design variance when outlets are the
PSU and products are the within PSU elements. We see, as expected, that the RG(3) estimator fails
totally for population E2A:PIE where there is no outlet effect.

Table 7  Average variance estimates (*104) for populations based on KPI data for furniture and
clothing
Populations created from
KPI data

Empi
-rical
vari-
ance

D&
O
est.

RG(1
)

RG(2
)

RG(3
)

SR
S

Two
stage
prod.
and
outlet

Two
stage
out-
let
and
prod.

Mod
el
base
d
esti-
ma-
tion

E2Furniture1.  Population
created from furniture data for
February, May, August and
December 2002.  35 outlets
and 14 items items169.

  2.8
±0.2

  3.7   4.6   2.7
Good

  2.9
Good

 1.8   3.0
Good

  2.4   2.8
Good

E2Furniture2.  A population
created from furniture data for
2002, recalculated with the
price index. Same size as
E2Furniture1.

  2.8
±0.2

  3.7   4.7   2.7
Good

  2.8
Good

 1.8   3.8   2.4   3.0
Good

E2Furniture3.  A population
with 35 outlets and 10 items
created from furniture data for
January 2002.

  0.9
±0.1

  1.4   1.6   0.9
Good

  1.0
Good

 0.8   0.7   0.7
0.7*)

E2Furniture3.  July 2002   3.3
±0.2

  4.6   5.3   3.2
Good

  3.4
Good

 2.4   4.9   3.1
Good

  4.3

E2Furniture3.  December
2002.

  4.2
±0.3

  6.3   7.2   4.5
Good

  4.8  3.1   5.6   4.2
Good

  4.5
Good

E2Clothing1.  A population of
clothing data from April 2001.
At least 4 products offers. 76
outlets and 24 goods items170

11.0
±0.7

15.3 17.4 10.3
Good

11.7
Good

 9.1 17.4 14.7 13.5*

)

E2Clothing2. A population of
clothing data for April 2001,
only 39 outlets with a large
assortment. At least 3 prod
off171

16.7
±1.1

23.7 28.1 16.4
Good

19.4 14.
9

26.8 23.9 21.2*)

*) Models could not be estimated for all 2 000 samples

                                                
169 10 outlets sampled from a population of 35 outlets and 8 representative items sampled from a population of 14 and
finally 2 product offers from populations of varying number of products within each combination of outlet and item.
170 35 outlets sampled from a population of 70 outlets and 12 representative items sampled from a population of 24 and
finally 2 product offers from populations of varying number of products within each combination of outlet and item.
171 20 outlets sampled from a population of 39 outlets and 12 representative items sampled from a population of 24 and
finally 2 product offers from populations of varying number of products within each combination of outlet and item.
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An implication from these results is that it is reasonable to analyse data in the clothing and other
locally priced systems as if they come from a two-stage sample with outlets in the first stage (PSU)
and products offers in the second stage.

The correlation between the D&O- and RG(1)-estimators for the thousand samples is high, whilst
the correlation between these two and the model-based estimator is slightly lower. The model-based
variance estimator has a larger variance than the other two estimators, which for example means
that the level of coverage for a confidence interval computed as ± 2 standard errors might be lower.

We can note that method RG(3) works satisfactory.

Variance components
The D&O estimator, the estimators based on random groups methods and the model-based variance
estimation methods all consist of a number of variance components that can be interesting to ana-
lyse. It should particularly be examined how the between-products variance is captured by the be-
tween-outlets and by the between-items variance for the D&O and RG(1) variance estimators.
Again the D&O and the RG(1) estimators have the same pattern.

Table 8  Average estimated variance components (*104) for some of the populations in study
D&O variance estimator Model-based

Population Outlet Item Inter-
action

Outlet Item Inter-
action

Product
(error)

E2A 0.042 0.019 0.002 0.037 0.033 0.005 0.003
E2A:OIE 0.063 0.003 0.002 0.058 -0.000 0.008 0.005
E2A:PIE 0.005 0.020 0.002 0.000 0.034 0.005 0.003
E2A:IE 0.0049 0.0032 0.0016 -

0.0001
0.0000 0.0049 0.0032

E2A:E 0.0017 0.0017 0.0008 -
0.0000

-
0.0000

0.0000 0.0032

E2C 0.39 0.46 0.21   0.02   0.08   0.18   0.53
E2B 3.5 2.6 1.1 1.9   0.9   0.7   3.1
E2By 8.0 7.6 3.5 2.7   1.8   2.3   9.7

E2Furniture1 2.2 0.8 0.6 0.0  -0.0   1.3   1.5
E2Furniture2 2.2 0.9 0.6 0.0   0.2   1.4   1.3
E2Furniture3
Jan.

0.7 0.4 0.3 -0.1  -0.1   0.1   1.0

E2Furniture3
July

2.5 1.2 0.9 0.7   0.3   0.8   2.5

E2Furniture3
Dec.

3.7 1.5 1.1 0.4  -0.0   1.0   3.1

E2Clothing1 6.6 5.7 3.0 0.7  -0.7   1.0 12.6
E2Clothing2 9.9 9.1 4.8 -1.3  -2.8   4.7 20.9
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For sample allocation, it is important to get the right proportions of variance shares for outlets, rep-
resentative items and product offers. The latter two can often be considered together because a
practical and inexpensive way to measure several products per outlet is to define several represen-
tative items. Table 8 indicates that D&O overestimates the between outlet variance, which can be
explained by the estimation model considering the sample of representative items and products of-
fers as parallel in one stage, and the large variance between product offers is divided to outlets and
representative items.

For furniture, the outlet and representative item variances are small whilst interaction gives a vari-
ance of the same size as the between-product offer variation. For clothing, nearly all variance is
between product offer variances. For sample allocation purposes this would mean that one should
collect as many prices as possible in as few outlets and for as few representative items as practically
possible.
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5 Use of estimated variances

Allocation of resources to the three local price systems
Last year, Statistics Sweden collected data on resources spent at processes such as sampling frame
editing, price collectors� travel, price collection, data registration, editing etc.. In combination with
estimated variances, an update of the sample design is possible. These are the conditions, where the
variances are estimated with method RG(3) on an aggregated level:

Table 9  Weights, costs, estimated variances and best allocation for the three local price systems
Daily neces-
sities

Clothing Other locally
priced items

KPI-weights 145.9 51.6 245.9
Variable costs172 (103 SEK) 1 102 1 523 3 716
Est. variance for inflation level without fpc173 0.037 3.02 0.089
Est. variance for monthly change of inflation with fpc 0.018 2.23 0.041
Optimal allocation of resources for estimat-
ing inflation level (103 SEK) 667 2 500 3 203
Optimal allocation of resources for estimating monthly
change of inflation (103 SEK) 620 2 855 2 896

Assuming that we keep the design of each of the three sub-systems unchanged but are able to
change the sample sizes proportionally to the resources spent on them, we can find the optimal allo-
cation of resources by minimising a function of three variables under a cost restriction. We now
find that the sample sizes should be increased for clothing. We can also see that, if we give priority
to change of inflation from one month to another, we would need an even larger sample for clothing
than if we set the monthly level of inflation as the first priority. This can be explained by the rapid
turnover of products and volatile price changes, which starts in January with the sales.

The results in table 9 cannot be implemented fully because of the large number of retail trade in-
dustries covered by the �Other local prices system�. We need a minimum sample size for outlets for
each industry.

Allocation of resources within the three local price systems
Tables 6 and 7 indicate that the model based variance estimator works well. The analysis variance
for clothing and furniture, also the analysis of daily necessities made, clearly show that the variance
between outlets and the variance between representative items is small compared to the variance
between product offers for an item in an outlet. This and the fact that there is a large cost for price
collector�s travels to the outlets, leads to a design with few outlets and many products offers, possi-
bly by many items, in each outlet. Therefore, Statistics Sweden have asked all the price collectors
what is the maximum number of observations per outlets in all the retail trade industries, consider-
ing their own working conditions, the attitudes of the personnel and owners of the outlets. The
analysis is made at present.

                                                
172 Costs that are proportional to sample size
173 Finite population correction
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Variance caused by a detailed structure of weighting classes in the KPI
The elementary aggregates in KPI are defined by 287 product groups and 1�6 retail trade industries
per group for the goods and services in this study. In all there are 761 combinations of these, each
with a fixed CPI-weight. It is a complex task to stratify the populations of outlets and products and
to allocate the sample sizes optimally when the total index is a weighted sum of 761 elementary
aggregates. With the �half-samples� defined by the RG(3)-method we have computed variance es-
timates under the model that there are no industry effects, implying that all prices can be aggregated
directly to the 287 items. This variance is 15 % smaller for the �Other local prices system�, where
the number of industries is largest. For daily necessities the �reduction� of variances is only 7 %,
here there are only two industries. For clothing, where the variances are very large by nature, Sta-
tistics Sweden has, since 1990, applied the �model� that there are no significant differences between
industries in price change; data from all industries are processed to produce item indices directly.
The samples of product offers is initially made proportional to market shares for the industries sell-
ing clothes.

Technical bias in the long term index
Estimates of ratios have a �technical� bias for most sampling designs. For the so called long-term
link (1) it is apparent why this bias exist.

Remember that the long-term link for year y have product group weights that are values of private
consumption during the year y, which are price-backdated to the price reference period of the link,
i.e. December year y-1. This back-dating means that the consumption values are divided by the av-
erage of price indicex numbers for the twelve months January to December year y. Bear in mind
that the index numbers are estimated, some of which with large sampling variances. If a product
group happens to get a low price change for December and the whole year on average, the weight
gets large by the backdating procedure and the low index gets too large a weight. Index numbers
that are large by chance get low weights. The random sampling errors seems to cause a downward
systematic error.

This bias was estimated by Statistics Sweden 1996 on purely theoretical basis. Like the Jack-knife-
method it is possible to estimate the bias with our RG(3) half-sampling procedure. We have reason
to think that the bias is proportionate to variance and consequently inversely proportionate to sam-
ple size. If the sample size reduces to half the bias is doubled. This means that the bias of an index
based on one of our half-samples is twice the bias of our index based on all data. The bias of our
index based on all data can simply be estimated by the difference between the index based on all
data and the average of index numbers based on 1 000 half-samples.

Table 10  Estimated bias of the long-term index link for the three local price systems 2001-2003.
Percent.
Year Daily neces-

sities
Clothing Other locally

priced prod-
ucts

All three local
price systems

2001 -0.01 ± 0.03 -0.17 ± 0.17 -0.04 ± 0.18 -0.05 ± 0.03
2002 -0.01 ± 0.03 -0.11 ± 0.16 -0.03 ± 0.17 -0.04 ± 0.03
2003 -0.02 ± 0.03 -0.08 ± 0.10 -0.04 ± 0.10 -0.04 ± 0.02
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There is a negative bias of the size 0.05 percentage units for the local price systems. These corre-
spond to about half of the KPI. This new finding is a bit lower than the results of the 1996 calcula-
tions, which at that time did not lead to any actions by the KPI advisory board.

Again, using a smaller number of elementary aggregates, for which the price index can be estimated
with better allocation of resources and higher precision, leads to smaller bias � from this point of
view. Instead, one can argue that a modelling error is introduced.

Consumer information on variances

Variance for short term index links

There is a significant difference between daily necessities and clothing in the way the variance
changes by month during the annual link. The variance for clothing is large already in the first
month of the year. This is due to differences in the turn-over rates and frequencies of sales prices.
The sample of representative items contain some winter garments, for which we carry forward the
April-prices, but there are quite few prices to collect for winter garments in April. This causes a
high variance during the summer and a variance from September onwards at the same level as in
spring.

Diagram 1  Estimated variances for the short term link ( m,y
12,1yK − ) using the RG(3) method (fat line)

and a �SRS-estimator� (thin line)
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For the three months October to December 2001 the samples of outlets were reduced by about 30 %
due to lack of economic resources. This can be clearly seen in the diagrams.
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In the diagrams, with a thin line, are shown the �variance estimates� as if we had computed the in-
dex by a mean of price changes for all collected data � with no product group weights and no in-
dustry weights. This curve is significantly lower than the result for our proposed variance estimator
for the daily necessities system. This indicates that there can be some product groups for which the
allocation is not optimal.

Variance for inflation level

Diagram 2  Estimated variances for the inflation level, using the RG(3) method
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Clothes again deviate from other product groups, there is a seasonal pattern with high variances in
June-August. The carry-forward method for winter items is one explanation. There are, probably,
some product groups among other goods in the other local prices, for example footwear, where we
have the same problem.

The variance of the inflation level is smallest in December. This is due to the fact that this is the
only month when the inflation level is equal to a short term index link and for this we have only one
sample of outlets and representative items and no update of weights. For other months than Decem-
ber a rough rule of thumb could be to multiply the variance of the December link with 1.5 to get an
estimator of the variance of the inflation level.

Variance for monthly change of inflation level
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Diagram 3  Estimated variances for the monthly change of inflation, using the RG(3) method
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The seasonal pattern for clothing is very clear and it has a significant impact on the total of the retail
trade of good and services. The change of the inflation level is approximately the difference be-
tween a monthly price change from month y,m-1 to y,m and from y-1,m-1 to
y-1,m. If the change of inflation is the most important statistic, more resources should be spent on
the clothing survey, as pointed out above.

6 Conclusions and discussion
The use of two-dimensional designs with elements of non-probability sampling methods, annually
updated samples and complex estimators creates problems when estimating sampling variances for
CPI-statistics.

Dalén and Ohlsson (1995) worked out a variance expression for the Swedish CPI index link in the
daily necessities system by Taylor linearisation. They also proposed an estimator for the variance.
The daily necessities system has one probability sample of outlets and three probability samples of
products, one for each of the three outlet chains that have a dominant market share in trade in daily
necessities in Sweden.

A resampling method for variance estimation could be attractive to estimate more complex statis-
tics, such as the twelve-month-change (inflation level) and the monthly change of the twelve-
month-change of index. Such methods do not bring more information on the underlying structure of
variation, which we need for efficient allocation of resources. For this purpose we have used analy-
sis of variance models. We have developed these models not only to see the structure, but to esti-
mate the sampling variance. This estimator, however, is not practical for complex situations like
this.
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We have carried out a simulation study to compare three estimators of a random groups type with
the Dalén and Ohlsson�s estimator and the model-based estimator. We have learned that the fol-
lowing procedure creates reliable results:

Sub-sample a proportion )2/(1 )1(π−  of the outlets and a proportion of ( ))2()1( 11
1

ππ −⋅+
 of rep-

resentative items, independently in each outlet, where )1(π  are sampling probabilities for outlets and

)2(π  are sampling probabilities for products. The latter don�t exist for most product groups because
of judgemental selection of representative items and must be set rather arbitrary. A large number of
such sub-samples, say 1 000, are selected. It is important that these sub-samples are coordinated for
all years in study so as to reflect the annual update of samples and sampling probabilities. For each
sub-sample the function of index links is computed with the same formulae as is used for the full
sample. The mean of squared deviations between the result for the full sample and for each of the
sub-samples is the variance estimator.

We have learned that more of the resources should be spent on the clothing survey because the vari-
ance is very large. For product groups where the price collector makes a selection of a product of-
fer, the variation in price data can be regarded as a variation between product offers to a large extent
and only little variation can be explained by outlet or product group. As the cost of price collector�s
traveling is substantial, this implies that the samples of outlets should be quite small.

We have seen a significant seasonal pattern in the indices for clothing, especially in the monthly
change of the twelve-month-change (inflation). This is partly due to the lack of special summer-
garments in the sample and the carrying-forward of a small number of April-prices for winter-
garments. Prices for clothing also changes very quickly which makes clothing a bigger problem for
precision in the monthly change of the twelve-month-change then in the level of the twelve-month-
change. For sample allocation, it is necessary to decide which of these statistics is most important.
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David Fenwick, Adrian Ball, Jay Beaven: The Quality Adjustment
Matrix: a strategic approach to the a priori identification of the most
appropriate items in a Consumer Price Index for hedonic quality
adjustment.

Abstract:

The dynamics of the market place and the accelerating pace of technological development represent
a major challenge to the statistical measurement of the trend in prices of goods and services
purchased by consumers. To correctly measure the target universe of transactions associated with
the expenditure coverage of the price index, is particularly problematic as it raises a tension
between keeping the basket fixed and ensuring that it is up-to-date and representative whilst only
reflecting pure price changes. A central measurement issue is the effective treatment of ongoing
quality developments of existing products and the proper incorporation of entirely new products.
Against this background the paper discusses some of the strategic and practical issues that need to
be addressed by statistical offices when reviewing the use of explicit quality adjustment techniques
and in particular hedonic regression. Drawing on recent work by the UK Office for National
Statistics into explicit quality adjustment methods, the paper considers alternative approaches to
identifying at an early stage those parts of the consumer prices index where the application of
hedonic quality adjustment can be applied to maximum benefit to the statistical integrity of the
index. It explores alternative methods of prioritisation and investigates the possibility of generating
a single function that can provide a mechanism for an ongoing strategy for the cost-effective
application of hedonics. By providing a reliable set of a priori rules it thus attempts to address the
criticism in the Schultze Committee report that the use of hedonics in the past has often lacked
strategic focus.

Key words: fixed baskets, quality adjustment, hedonics, Schultze Committee, quality adjustment
matrix.

1.0 Background

In 2000 the UK Office for National Statistics launched an extensive research programme to
investigate the possible application of hedonic methods for the quality adjustment of goods and
services in the Retail Prices Index (RPI) and Consumer Prices Index (CPI).  The range of goods
studied initially was systematically chosen on the basis of two indicators:

•  The relative expenditure share of the good or service in the RPI/CPI basket.
•  The associated Implicit Quality Index (IQI.)174.

The UK approach to the selective introduction of hedonic quality adjustment in consumer price
indices may have been more systematic than the targeted intuitive approach175 employed by the US
Bureau of Labor Statistics, but in practice the selection method for hedonic quality adjustment did
                                                
174 IQIs were first developed by Jorgen Dalen and Don Sellwood. They are a measure of the effect of the operational
adjustments that have been made to the raw price data in order to obtain the published �quality adjusted� price index.
That is the aggregate effect of adjustment, including explicit and implicit methods, to remove non-price effects and
arrive at the �true� price change. Relatively large IQIs for specific items may indicate areas where particular attention
needs to be given to the quality adjustment techniques particularly where only implicit methods are applied.

175 Items are selected that are thought a priori to have undergone quality change.
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not prove to be completely effective. Only three of the initial fifteen goods that were deemed to be
prime candidates for the application of hedonic quality adjustment were selected for implementation
in the live index. The goods concerned were PCs, laptops and digital cameras.  In addition, only one
good- widescreen televisions- was considered borderline. All the remaining eleven goods did not
warrant explicit quality adjustment using hedonics176.

Further investigation of the reasons why hedonic quality adjustment did not prove  appropriate
shows that whilst the corresponding hedonic functions could be computed, when they were
compared with implicit quality adjustment the effect of introduction in the index was not large
enough to make implementation cost-effective177.

Thus whilst it might be true from a statistical viewpoint that �the best candidates for hedonic
analysis are categories of goods for which quality change is frequent but incremental and for which
the characteristic changes are easy to measure�178 this isn�t necessarily a good criteria on its own on
which to base decisions about practical implementation and impact on the index.

It was against this background that the ONS investigated alternative methods of identifying the best
candidates for the implementation in the price index of hedonic quality adjustment. The aim was to
try to differentiate between those goods that have sufficiently high levels of quality change to
warrant explicit quality adjustment and those that don�t , where implicit quality adjustment is likely
to be problematic. This can then be used as an initial filter prior to the consideration of hedonic
quality adjustment.

2.0 The investigation

Investigations focused initially on two primary quantitative measures relating to quality change:

•  The turnover in items as represented by the number of price quotes that disappear from the
basket.

•   Implicit Quality Indices (IQIs).

However, IQIs can be time consuming to compute and have not proven to be totally reliable
indicators in the past of the need for explicit quality adjustment and are, in any case, of limited use
as they can only be calculated for items already in the index. In addition, a further study of the retail
market suggested that turnover rate as a concept is too simplistic and on its own is a very blunt tool.
These considerations led us to  consider  an alternative two-dimensional matrix approach that is
characterised by two statistics:

•  Rate of turnover of models � are significant proportions of older models disappearing from the
market and being replaced by new ones?

•  Rate of technology change in the good- are new features and improvements regularly being
introduced?

                                                
176 Fridge-freezers; dishwashers; VCRs; radio-cassette recorders; DVD players; still cameras; vacuum cleaners; audio
systems; microwave cookers; mobile phone handsets; Widescreen TVs.
177 In the cases of VCRs and 14� televisions  relative sales declined as a result of being displaced from the market by
DVD players and by small televisions, combined with a VCR or DVD.
178 A direct quote from the  Schultze Panel on Conceptual, Measurement and Other Statistical Issues in Developing
Cost-of-Lining Indexes (�At What Price? Conceptualizing and Measuring Cost-of-Living and Price Indexes�).  By way
of illustration the Panel offered  personal computers which are seen as an obvious candidate whilst cars [where, for
example, measuring performance is highly subjective] and clothes [the challenge of fashion] are seen as problematical.



218

Clearly if an index item is subject to both a high rate of turnover and of technological change then it
is likely to be a prime candidate for explicit quality adjustment. Similarly, the index compiler would
not want to give priority to explicit quality adjustment where an item has both low turnover and
technological change. Both statistics in the matrix potentially can be calculated from the raw data
used to compile the CPI or from scanner data but the CPI data is only available for goods already in
the index and its value is constrained by the amount of detailed characteristic information which is
collected (usually a lot less than for scanner data). It was for this reason that the study was based in
most part on an analysis of scanner data179.

Low rate of technology
change

High rate of technology
change

Low turnover rate NO ?
High turnover rate ? YES

3.0 The results

Turnover rates

Two measures of turnover were investigated:

•  the rate of models leaving the market. This is defined as the proportion of models that have
disappeared from the market in the following month. It is closest in concept to observed
turnover rates in the RPI sample itself.

•  the level of churn in the market . This is constructed by pairing successive months, and
determining how many models are only available in one of the months and expressing this
as a proportion of the total number of distinct models available in both months

The rate of models leaving the market allows us to directly compare measures derived from RPI and
scanner data respectively.  It is also of more direct relevance to the reliability of our current implicit
method of quality adjustment, since the latter is a function of the number of models that continue to
be available in the shops from one month to the next. The churn rate is of limited relevance in this
respect, as the arrival of new models has no effect on the reliability of implicit quality adjustment.
However, the churn rate gives a better indication of the underlying dynamics of the market place
and can therefore be said to better represent overall the position relating to technological change.
Chart 1 shows the monthly turnover rates of models leaving the market for the goods studied.
When interpreting this chart it should be noted that, firstly, the reference year varies between goods
reflecting the data to hand and secondly, that the volatility of the data plot for PC�s results from the
use of the relatively small RPI sample which is much reduced compared with scanner data.

Three points emerge:

•  The special position of PCs. The turnover rate is about twice as high for PCs than for any
other good studied.

•  Turnover rate appears to be a relatively blunt instrument when used alone in determining the
need for explicit quality adjustment. Thus it can be seen that the variation in turnover rate is

                                                
179 The exception was PCs where models, their characteristics and prices, are collected from the Internet due to the lack
of detail in the available scanner data.
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relatively small between the goods studied although the turnover rates are not small in
absolute terms.

•  The turnover rate is not on its own a reliable indicator of the need for explicit quality
adjustment. For example, although the turnover rate for digital cameras is the second lowest
at seven per cent, further investigation lead us to introduce hedonic quality adjustment for
this good.

Further analysis indicates how a high turnover rate can be strongly associated with poor
performance of implicit quality adjustment methods.  This is illustrated in Chart 2 which compares
the hedonic quality adjusted PC index with both the corresponding direct comparison index and the
corresponding imputed base price index..

Chart 2: Comparison of Explicit Quality Adjusted Indices with
Imputed Base Price Index � 2003
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PCs apart, the corresponding levels of churn in the market is shown in Chart 3180. As might be
expected in a broad state of market equilibrium, the churn rate is about twice as high as the turnover
rate.

It is instructive to note that, with the exception of still cameras, the picture to emerge is very similar
to that which emerged from an analysis of turnover rates.

                                                
180 PCs have been omitted due to volatility in this measure resulting from the relatively small sample.
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Rate of technology change

The measurement of the rate of change in technology was more problematic.  Early work
focussed on examining the rate of emergence of new features for models but this was soon
abandoned as being only partially informative. The next thread of work examined the
relationship between levels of attributes and the year of introduction of the model.  This
produced interesting results for digital cameras, indicating that measures of attribute change
can yield suitable results. In particular looking at the attribute megapixels over time showed
how the technology had changed significantly in the  past seven years. However, it could not
generally be applied to other items because of a lack of information on year of introduction of
a model.  Because of this, efforts were re-directed at developing an �index of attribute
change� based on a chained measure of the change in the level of attributes between goods
leaving the market and those entering the market, with the attributes that significantly
influence the price of the item being identified using hedonic regression methods applied to
scanner data181.

From the same scanner data, the average turnover (entering or leaving the market) of the attributes
so identified is then calculated.  For numeric variables the latter will be a straight average whilst for
discrete features the calculation relates to the proportion of models containing the feature.  An
                                                
181 For instance, hedonic regression shows that for televisions the important price determining characteristics
are a mixture of discrete and numeric variables: Screen Size; Flat Screen; NTSC tuning; Dolby sound; DVD
player in built; PC in built; Real flat screen; Digital tuner;100 Hertz picture.

Chart 3: Proportion of models changing - Scanner Data - Models entering and 
leaving the market
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overall weighted index is then calculated by taking a weighted average of the log of the turnover in
price sensitive features (as calculated above), using as weights the t-values for the attributes from
the regressions182 and expressing this in index form with January =100. The index was computed
taking into account whether the attribute represented an increase or decrease in quality - the �net
rate of attribute change�- and also in absolute terms where a change in features is treated in the
same way regardless of the direction of the quality change - the �gross rate of attribute change�.

It can clearly be seen from Chart 4 that the �net rate of attribute change� is a strong driving factor in
determining the potential need for explicit quality adjustment.  In particular, there is a strong
demarcation between the two goods identified in our earlier research programme as being suitable
candidates for hedonic quality adjustment (and where the method was subsequently introduced) and
other items which were researched but where hedonic quality adjustment was not found helpful.
The two goods concerned had experienced rates of attribute change two to three times higher than
for other goods.

We can conclude that, not surprisingly, it is the level of change in price determining attributes that
dictate the need for explicit quality adjustment rather than the turnover in models and that a high
turnover of models is not necessarily associated with a high turnover in attributes.
This is backed up by our previous work which led us to introduce hedonic quality adjustment for
digital cameras despite their relative low rate of �model� replacement. The question then is whether
a threshold can be set a priori to differentiate between those items where hedonic quality adjustment
should be applied and those where there is no strong justification.

                                                
182 The t-values indicate both the importance of the variable and whether a change in the attribute increases or
decreases the quality of the item. For example the attribute �volume� for digital cameras has a negative t �value, so the
heavier a camera the more quality decreases.

Chart 4: Attribute change Index - all goods
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A further look at the results- Chart 5 redraws to a larger scale the data in Chart 4 but excludes PCs
and digital cameras-  leads to the following observations:

•  There is very little change in price determining characteristics for radio-cassette recorders
and still cameras (film cameras).  For radio cassettes, this re-enforces an earlier research
conclusion that hedonic quality adjustment added little value to index compilation as there
was very little real change in the market place. For still cameras the situation is more
complex as earlier research indicated that the market continued to be innovative but that
hedonics was unable to capture the quality change.  This latest work seems to indicate that
the problem may be that the available scanner data excludes important price determining
characteristics or that hedonics has not been successful in identifying them.

•  All the other items studied, wide screen TVs apart, showed an increase in the rate of change
in price-determining attributes, although there was a blip in March for DVDs and there was
some volatility associated with dishwashers183. Earlier research had indicated that the use of
explicit (hedonic) quality adjustment was not justified for these goods even where there was
a high turnover rate of models, such as with VCRs.   As mentioned, dishwashers and DVDs
demonstrate a volatile  pattern in attribute change over the year

•  There is the same slow increase in attribute changes for widescreen TVs as for most other
goods but with major changes occurring in October and November.  Earlier research into the
application of hedonics to this good suggested that hedonic quality adjustment added very
little value to the statistical integrity of the index because of the relatively low turnover rate
in models. But clearly such conclusion may need to be re-visited if the turnover rate in
models is volatile and becomes significant in particular months. The issue to be resolved is
the level at which turnover becomes a significant factor.

A corresponding analysis of the �gross rate of attribute change� is shown in Chart 6 and suggests

that the gross measure is not particularly helpful  in terms of its ability to differentiate between
goods that would benefit from explicit (hedonic) quality adjustment and those that wouldn�t. This is
because it disguises the fact that a lot of quality change might occur but the increases and decreases
in quality might cancel one another out.

                                                
183 In both cases this is due to limited number of models available.

Chart 5 Attribute Change Index - Excl PCs and Digital Cameras
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Combined measures

The final step in this research was to explore the potential for compiling a single indicative measure
of the a priori need for explicit (hedonic) quality adjustment based on a combination of the
measures discussed above. Cluster analysis was also considered but dropped because of the
relatively small number of observations involved.

A variety of combined measures were computed.

Chart 7 shows the results of a measure based on multiplying the absolute attribute change monthly
index184 with the proportion of models leaving the market monthly. Because the resulting measure
is small in numerical terms the graph focuses on the extreme lower end of the index. The further to
the right an item appears on the graph, theoretically the greater the likely need for explicit (hedonic)
quality adjustment because the combined measure is higher and falling at a slower rate. Putting to
one side the conceptual basis of such a calculation, it can be seen at a glance that this combined
measure does not increase the ability to pinpoint items that would benefit from explicit quality
adjustment- indeed in some respects this combination is less successful.  This is illustrated by
digital cameras, which are hedonically quality adjusted in the RPI and CPI and which clearly
require quality adjustment when looking at a technology change measure, but has one of the lowest
combined score on the chart.  Unsurprisingly, plotting the geometric mean of this combined
measure as shown in Chart 8 to dampen the extreme values doesn�t assist the visual presentation.

                                                
184 Non-cumulative where the number of attributes in a particular month which differ from the attributes in the base
month of January is expressed as a ratio with January=100.  Note the index can fall as well as increase.

Chart 6: Absolute quality change
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Finally it should be noted that there was no significant advantage in re-computing this combined
measure using the alternative concept of total change in the sample (new models plus old models)
instead of the proportion of models leaving the market.

4.0 Concluding remarks

Research to date suggests that an analysis of the turnover rates in price-determining characteristics
has the ability to differentiate between goods that are clear candidates for explicit (hedonic) quality
adjustment and those that are not but that there is no easy method of identifying more marginal
cases or cases where the rate of model change might be at a level where explicit quality adjustment
is desirable even though the rate of change in attributes indicates that the position is marginal. The

Chart 8: The Geometric mean of the absolute attribute 
change monthly index and the proportion of models 

leaving the market monthly
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combined measures that have been tested do not increase the power to discriminate although an
alternative option to pursue for future research might be some form of weighting optimised to
maximise the predictive power. Finally, it is noted that the compilation of a net or gross rate of
attribute change involves scanner data and hedonic regression (for the identification of attributes)
so operationally does not represent a significant departure from the traditional �test and see�
approach of running full pilot studies for individual goods.
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Yoel Finkel and Dorit Zioni185:Automization in the CPI, quality
assurance and EFQM

1. Abstract

The Israeli Central Bureau of Statistics (ICBS) has redesigned, in recent years, its procedures for

computing the CPI. These included introduction of new technology and automization of fieldwork

and editing processes. An important factor in the new system is process control and auditing. In

order to estimate the �intuitive� improvement in the CPI, the Consumer Prices Division is in the

midst of assimilating EFQM methods, including quality indices of the CPI procedures. The purpose

of this paper is to present the methodology that was developed to enhance the validity of the CPI

procedures and to discuss the relationship between the EFQM model and the CPI. Quality indices

may be constructed through this system in order to track future improvements in the CPI. Portions

of this paper will be based on Chapter 12 Organization and Management of the new international

manuals on CPI and PPI. This coincides with an additional objective of the Prices Department at

ICBS: to align the Israeli indices with many of the procedures presented in these manuals186.

2. Introduction

In 1996 ICBS initiated the CPI Development project, which was mostly completed at the end of

2001. During the project, ICBS conducted a joint examination of the three intertwined surroundings

of the CPI: methodology, technology and field operations- and their connection to the structure and

organization of the professional units responsible for construction, collection, computation,

analysis, publication and dissemination of the CPI. ICBS believed that the first step in solving many

of the complicated issues of the CPI was to build anew the infrastructure of the index, using

advanced technological means.  The technological and organizational features of the new system

were designed to enhance the methodology of the index and the preceding field operations.

Therefore, the system has two major and connected parts: the price collection sub-system and the

price compilation and analysis sub-system.

                                                
185 Central Bureau of Statistics, Israel. The authors thank Ms. Svetlana Gluzman and Ms. Merav Yiftach from the Israeli
Central Bureau of Statistics for their assistance in preparing this paper. Any mistakes are the sole responsibility of the
authors.

186 Another paper in the series of issues examined within this framework was first presented at the ECE-ILO meeting on
Consumer Price Indices, December 2003, Geneva. "The Treatment of Seasonal Products in a CPI" reviewed the
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The price collection sub-system structure is based on a wide area network communication system

for ICBS regional offices and operations using handheld and personal computers. Connected to this

network are the price collectors (field and office), field supervisors and the commodity analysts.

The tasks performed in the collection sub system include detailed scheduling of price collection to

each price collector, price collection and automatic logical checking at the micro and macro level.

The principle behind the automatic logical checking at the collection stage was to move editing,

logical and statistical checks, from the headquarters to the field operations- as close as possible to

the reporting occurrence.

The prices compilation and analysis sub-system structure is based on a local area network

communication system for the CPI headquarters. Connected to this network are the officials

providing subject (commodity analysts), methodology, publication and information services. The

tasks performed in this sub-system include: planning, quality control, final nesting of price

observations (already filtered in the collection process), index computation, analysis, research and

publication.

The project has brought about new modes of cooperation and improved working procedures.

Analysis, planning, development and assimilation of new technologies have led to already reaped

benefits of methodological analysis.

In this paper we will examine the automatic logical checking in both sub systems- collection and

prices, and attempt to build quality indices to measure the methodological improvement already

achieved or to be achieved in the future. In addition, we will review other quality checks made by

officials from both field operation and CPI analysts. Section 3 describes the quality control process

enabled by the automization of the CPI; section 4 presents quality indices devised in the

measurement process of the EFQM framework and in section 5 a brief summary of the paper and

possible work for the future are presented.

3. Quality checks in the CPI

These include checks at various stages in the index compilation process: fieldwork, editing and

computation stages.

                                                                                                                                                                 
feasibility of the methodology introduced in chapter 22 of the manuals, in a "real" CPI, by simulating actual price and
quantity data from the Israeli CPI in the seasonal formulae.
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3.1 Quality checks in fieldwork

Checking processes begin in fieldwork. The fieldwork is the first stage of current CPI compilation

and is a major infrastructure of the index. An important principle to achieve in the automization

process is to have editing, logical and statistical checks as near as possible to the reporting

occurrence in order to minimize errors at later stages of the index computation. Here we have two

kinds of checks at fieldwork- logical editing of data during price collection in the software designed

for the hand held computers and back checking of fieldwork by the survey division officials in the

main or regional office187.

3.1.1 Automatic checks

3.1.1.1. Price changes - The price entered is compared with the price for the same defined chosen

product in the same outlet in the previous month and the price collector is queried when the price

change is outside preset percentage limits. The limits may vary according to specific products or

consumption groups. The percentage limits were determined by looking at historical evidence of

price variation188. If there is no valid price for the previous month, for example, because the

produced good was out of stock and no transaction could be made; the check is made against the

last "real" price entered for the same chosen product.

3.1.1.2. Maximum/minimum prices- A query is raised if the price entered exceeds a maximum or

is below a minimum price for the group of goods or services of which the particular product is

representing. The range is updated every three months and is derived from the validated maximum

and minimum values observed for that price transaction in the previous month expanded by a

standard scaling factor. This factor varies between price transactions.

3.1.1.3. Comprehensiveness checks

Data completeness is vital for the calculation of the CPI. For each chosen product there may not

always be many data required, but all data are vital for calculation and identification of the chosen

product at the following month. While the most important data for the index are the prices, if the

price observation is lacking some additional data, identification of the product may be insufficient

and would require some form of imputation. Therefore, comprehensiveness checks are intertwined

inside the system to avoid skipping fields with vital information, like price, product descriptions,

etc.

                                                
187  For a detailed discussion on back checking refer to the Manual on CPI, pp. 219 or the Manual on PPI, pp. 311-312.
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3.1.1.4. Chosen product description

Accurate price transaction descriptions are critical in ensuring price transaction continuity.

Descriptions should be comprehensive to ensure that the price collectors or reporters can price the

same chosen product in each collection period. They must record all information that uniquely

defines the chosen product selected. Accurate chosen product descriptions assist the price collector,

respondent, and CPI staff in choosing a replacement for a chosen product that has been terminated

and also helps to identify changes in quality. The technological system assures better accuracy and

transparency of the chosen product. It enables the price collector to bring much more and accurate

information, regarding the sampled product, than he or she could in paper questionnaires. While in

the paper questionnaire, there was a limit to the number of characteristics and attributes, in the

computer all these are in the database and are shown to the price collector. In addition, each change

made in the chosen product, is automatically marked by an �item remark� as a quality change, non

quality change, correction/completion, temporarily/ seasonally ran out, permanently ran out, or

unavailable. If there hasn�t been any change in the chosen product, it will be automatically marked

as �no change�.

3.1.1.5. Logical editing for running out of items

After three months that the chosen product was in status of �temporarily ran out�, a query is raised

to remind the price collector to make sure that the sampled product is back in business. If it isn�t, he

should either replace the sampled product or change its status to �permanently ran out�. The options

in the item remarks will be �no change�, �quality/non-quality change� and �permanently ran out�.

After three months that the product has been in the status of �permanently ran out�, a query is raised

to remind the price collector that he should either choose a new product for the defined item, or

mark it as �unavailable�. The options of item remarks in that case will be �new product� or

�unavailable�.

3.1.2 Back checking and process auditing

The second type of checks is a beck check at the end of each collection period and process auditing.

The checks are not automated189 but performed by the survey division�s officials, who function as

the auditor of price collection, as another important tool for improving and monitoring data

collection. There are four kinds of auditing and back checks in the Israeli CPI:

                                                                                                                                                                 
188 The percentage limits for seasonal products like fresh fruits and vegetables are 30%, for seasonal clothing and
footwear 20%, for non seasonal products 15% are for regular services 10%.
189  However part of the process is based on the information provided by the database of the automatic process of price
collection.
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1. The auditor occasionally accompanies collectors during fieldwork- whether data are

collected by phone (CATI) or personal visits (CAPI). The auditor actually ensures that the

price collector is following proper procedures and instructions and performing the collection

competently. The auditor also functions as a trainer, which means that he (or she) gives

some coaching to correct any errors. After returning to the office, the auditor is required to

file a standard report detailing his observation. This report includes findings, problems

encountered in the collection process, and a recommended course of action. Auditors may

advise that a collector receive extra training on certain aspects of price collection, raise

general problems where solutions need to be disseminated to all price collectors, or revise

existing instructions or procedures.

2. The auditor occasionally replaces the permanent collector in the field. He actually collects

prices from the work portion of each price collector once a year. During price collection the

auditor assess the competence of the price collector, identifies common mistakes and

evaluates the need for extra training, validates that he follows procedures and instructions of

price collection, identifies areas where collection is problematical, and most importantly,

reviews the comprehensiveness of the description of the chosen product. At the end of price

collection, the auditor compiles a report detailing his observation as mentioned in paragraph

1 above.

3. Another way of monitoring the standard of price collection is to carry out a back check � a

retrospective check of fieldwork at the outlet level. At the end of each collection period the

official from the survey division addresses 10% of the outlets in the sample of each work

portion of each price collector, to make sure that the price collector actually visited the

outlet and in addition to see to that the chosen products which were marked as �unsold� or

�temporarily unavailable� are actually unavailable or not sold at the outlet.

4. In addition, at the end of each collection period, the official from the survey division calls all

the outlets, in which price collection was unattainable for some reason (the outlet was

closed, the owner refused to hand out the prices etc.), to confirm the information and to see

if there is a possibility to collect prices from them.

5. Another mean for auditing is also a back check of the solutions given to the computer

queries by the price collectors. The official from the survey division follows the reference of

the price collector to the automatic logical editing of data. The tool he uses to do so is a

special module built for follow up and control. For each price collector the auditor perceives

the type, the number, and the percentage of queries rose during price collection. At the end

of each month the auditor compiles a report, which sums up the treatment of each price

collector. Feedback is given to price collectors according to the results of the quantitative
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data. Thus price collectors recognize the value of each logical editing of data, each logical

editing of data gets the appropriate attention, and the quality of the data is improved.

3.2 Quality checks by CPI head office staff

There are several types of editing and statistical process controlling carried out by the commodity

analysts from the CPI head office staff.  The two main categories to be discussed below are (i)

weekly checks on the prices and description that are fed into the database on a daily basis by the

CAPI and CATI price collectors and (ii) monthly checks on the indices of items, consumption

groups and aggregated CPI190.

3.2.1 Weekly editing by CPI head office staff

Since the computer system enables more efficient editing than a paper based system, one dozen

quality checks are performed during the weekly editing process. In order to ensure consistency in

the editing process, all analysts are trained to use the queries and to provide identical solutions for

same situations. The training process is a continuous one with the relevant officials meeting at a set

time each week to discuss the more complicated issues encountered during the editing process.

The computer supported quality checks in the editing process are:

1. Double check on all automatic substitutions of items

2. Check on items whose attributes have not changed and even so were determined to

be non-comparable

3. Check on new items that were deemed comparable to the former ones

4. Check on "non-quality adjusted" substitutions that were deemed comparable.

5. Check on substitutions that include remarks on sale or other special price.

6. Check on substantial price changes that arrived without a remark from the price

collector

7. Check on vat. and exchange rates

8. Check on price level compared to other observations

9. Check on price scaling

10. Check on other remarks sent by price collectors

11. Check on remarks sent through message module (new)

12. Perform price scaling according to editing rules191

                                                
190 Periodical checks are performed on the sample of outlets and business layers; however these are not part of the
monthly process and therefore are not discussed in the paper.
191 Discounts and sales are divided into three categories: (i) regular discounts, (ii) options to receive or purchase at
discounted prices other items and (iii) an option to receive more of the same product with a discounted price. According
to the editing rules regular discounts are considered price reductions, options to receive other products are not price
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The analysts are required to document cases that may not have been covered in past by the editing

rules; these are discussed at the weekly meeting and a consistent solution is formulated to ensure

identical treatment and minimization of bias in the editing process.

3.2.2 Monthly editing by CPI head office staff

After all transactions in the database have been edited by the commodity analysts, the computation

of the product price indices and aggregate indices of consumption groups begins. These stages are

observed by three types of statistical checks: (i) index levels (ii) index changes and (iii) contribution

of indices to overall aggregates.

3.2.2.1 Index levels � Item price indices are aggregated into product indices. When products are

homogeneous and/or services are subject to government controlled price regimes, deviations in item

price index levels may indicate a flaw in the index. Therefore, at this stage, the outlying indices are

detected by the system and double checked to ensure that the correct prices were recorded in the

former stage.

3.2.2.2 Index changes � Price change boundaries are narrowed at the computation stage to allow

for additional checks by the commodity analysts.

While logical checks in the price collection sub-system queried the price collectors when abnormal

price changes were detected, the boundaries in the system must be quite wide in order to allow the

price collector to complete the price collection in a fairly flexible manner. This is crucial to ensure

cooperation of the outlet proprietors.

3.2.2.3 Index contributions � At this stage, contribution to the overall index is studied by the

analysts for all five levels of the index, i.e. from the product index level up to the major

consumption group level that comprises the total CPI. The contribution to the total CPI is a function

of current relative importance (current weights) and actual price changes. Products or consumption

groups that were major contributors to the total CPI are double checked to ensure that all indices are

logical before publication.

The CPI analysts prepare a monthly report for each major consumption group and refer to any

unique or abnormal activity in the index and present these at the monthly meeting held 48 hours

                                                                                                                                                                 
reductions and options to receive "more of the same" are considered price reductions in certain situations and require
price scaling. These are double checked at this stage.
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before publication of the CPI.  At this meeting all groups are compared to ensure consistency

throughout the CPI. The computer system was designed with standard queries from the CPI

database to assist the analysts in their examination of the index. Highlights from the reports are

reflected in the monthly press release and the monthly bulletin192.

In section 3 we described several procedures of logical checks and process control that were

enhanced by the introduction of modern technology in CPI compilation. In the following section we

discuss some of the quality measures devised in an EFQM framework that were also enabled by the

new computer system.

4. Quality assurance and EFQM

As mentioned, the computerization project of the CPI in Israel was performed under the assumption

that automization will improve the quality of the CPI significantly. Intuitively, we feel that there has

been an improvement in the quality of the CPI as a result of computerization.  However, beyond

intuition, statistical measures for a "quality improved" CPI were not designed during the

computerization project.

Possible improvements in the CPI may relate to any of the four fundamental types of survey errors:

coverage, sampling, measurement and non-response. The first two are considered as �after the fact

procedures� and are treated with statistical analysis tools. The latter two are more concerned with

procedural flaws during fieldwork or computation stages and may be treated with behavioral tools.

By computerizing and elaborating work processes and methodology at all levels of the

dissemination of the CPI; by building modern foundations and accessibility to data sources and by

moving logical and statistical checks from the headquarters to the field, we believe that we reduced

measurement and non response error and thus CPI quality has indeed improved.

In order to empirically measure the improvement in the CPI, we introduced, in November 2002,

EFQM193 methodology into the Consumer Prices Division. The advantage of EFQM is that it relies

on input from the CPI staff, rather than assessing quality of the CPI by external auditors194. CPI

staff participated in workshops for a period of six months and devised short-term and long-term

                                                
192  The press release and monthly bulletin include all price indices computed by the Prices Department: CPI and output
and input PPI's. The other price divisions review their indices in similar fashion to ensure consistency "across the
board".
193 EFOM is the European Foundation for Quality Management excellence model; a self-assessment diagnostic tool
used to improve quality and performance. It is driven by result oriented philosophy and allows for flexible management
strategy. For a detailed description see the Manual on PPI, pp. 318-319 or manual on CPI, pp. 224.
194 External audits of a CPI are problematic due to the complexity and secrecy of the CPI.
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projects to improve the quality of the CPI, and CPI surroundings including services rendered by the

Statistical Office to the users of the index. Recommendations connected to issues such as database

security, better dissemination to the public, etc. are beyond the scope of this paper and will not be

discussed here.

As would be expected, many discussions during the workshops, focused on ways to estimate CPI

quality before and after computerization. In this section we present several quality measures derived

from these discussions in the EFQM framework.

It should be stated that a "true" comparison between price data collection using paper questionnaires

and computerized data collection couldn't be conducted at this point, because of the complexity in

comparing two different processes, and the fact that data from the pre-computerized era were not

available195.

4.1 Quality measures of the computerization

The assimilation of the automated price collection system into the CPI was staggered over an eight

month period, between May � December 2001. During each stage, a group of price collectors

moved from filling paper questionnaires to working with hand held computers (CAPI). The CATI

was at the last stage. The data below starts at the beginning of the first stage, i.e. May 2001. The

totals in the charts below are the number of observations existing in the database during each

month. In the types of indices below we assume that changes in the following variables may

indicate an improvement in the quality of the CPI:

1. Increase in number of "real" price observations

2. Decrease in number of observations with correction in the price made by the commodity

analyst.

3. Decrease in number of observations with item remarks �temporarily ran out�, �permanently

ran out� and �unavailable�.

4. Decrease in number of observations which an automatic query was raised with on line

logical editing of data concerning the price.

4.1.1 Number of real observations

Collecting prices using hand held computers vs. paper questionnaires allows better accuracy and

transparency of the chosen product. In addition, the system leads the price collector in every

                                                
195 Recently we have computerized the housing index and benefited from the EFQM process by designing several
quality measures at the planning stage. These will be presented later on in this section.
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step in a way that minimizes mistakes and a need to make a correction of the price by the

commodity analyst.  Thus, if the index were to improve over time, due to the computerized

process, we would expect an increasing number of real prices compared to imputed ones.

Graph 1: percentage of real observations in the price collection sub-system
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This variable �real observation� consists of situations in which a real price has been collected

and thus there was no action of imputation. To be more specific, observations with item remarks

�no change�, �correction/completion�, �quality/non quality change� and �new item� are

included. Not included are observations with item remarks �temporarily/seasonally running

out�, �permanently ran out� and �unavailable�. In graph 1 above we see an increase over time in

the percentage of �real observations� since the beginning of the assimilation of the system �

from 48.5% in May 2001 to 55% in May 2004. The percentage of real observations is always

lower for the series including fruits and vegetables, due to seasonality imputations.  Another

interesting point is the decrease in real observation during the first eighteen months of the

computerized system using the hand held computers. This may be explained by technical and

other difficulties encountered by the price collectors in the early months of assimilation. After

climbing along the "learning curve" the price collectors consistently increased the percentage of

real observations from the last quarter of 2002 and until May 2004.

4.1.2 Number of observations with commodity analyst�s correction of the prices
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Due to the fact that the system leads the price collector during all the process of price collection,

we expected to find a decrease in the mistakes made in the field and in the number of

observations in which a price correction by the commodity analyst is required.

Graph 2: percentage of observations with corrections by commodity analysts
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In graph 2 above we observe an immediate decline in the percentage of price corrections during

the first stage of assimilation. The tendency of decline continues and after about one year into

the automated price collection stability in the percentage of price corrections is achieved (less

than one twentieth of a percent of the prices needed correction by the commodity analysts).

Obviously, the price collectors have fully exploited the learning curve in this case.

4.1.3 Number of observations with item remarks �temporarily ran out�,

�permanently ran out� and �unavailable�.

As we mentioned above (3.1.1.5), after three months that the chosen product was in status of

�temporarily ran out�, a query is raised to remind the price collector to make sure that the

sampled product is "back in business". If not, he should either replace the sampled product or

change its status to �permanently ran out�. After three months that the product has been in the

status of �permanently ran out�, a query is raised again to remind the price collector that he

should either choose a new product for the defined item, or mark it as �unavailable�.

The instruction for handling those statuses were the same in paper questionnaires but it was

much harder to enforce them. We found it interesting to see how the technological means

influence the quality of fieldwork and check on one hand, if there has been a decrease in the
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percentage of observations in statuses �temporarily/ permanently ran out and on the other hand

check if there has been an increase in the percentage of observations in status �unavailable�.

Graph 3: percentage of observations with "non-price" statuses
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In graph 3 above we observe how the computer system has caused the price collectors to work

more precisely according to the price collection rules. Over time the percentage of observations

with temporarily or permanently ran out status has decreased (from about 20% to 10%) and

unavailable status increased (from 10% to 15%. The increase in percentage of real prices, shown

in graph 1 above is on account of the "non-price" statuses, therefore minimizing the need for

price imputations.

 4.1.4 on line logical editing of data

Although there are two kinds of on line logical editing of data in the price collection process -

�percentage change� and �min/max�, we chose to relate only to min/max. On line logical editing of

data concerning the percentage change, may reflect changes in pricing schemes or market

conditions and not necessarily changes in quality of the CPI compilation. When comparing the

percentage of observations outlying the min/max boundaries in the beginning of the computerized

process with the present situation (graph 4 below) we can detect a significant change (from about

2.5% of price observations to about 1%).

Graph 4: percentage of observations outlying the min/max boundaries
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 The

improved procedures and control of the CPI collection process has decreased imputations and

lowered variance, both at the price collection and index computation stages. Using this first set of

quality measures has encouraged us that the computerization process has led to enhanced quality of

the index, empirically and not only intuitively.

4.2 Price Indices of Housing

ICBS is currently (as of April 2004) assimilating a new module into the price collection and price

compilation and analysis sub-systems. This module consists of the housing price indices, i.e. owner

occupied housing and rent price indices. The fact that this module was being designed when the

Prices Division was well into the EFQM workshops led to the introduction of possible quality

measures, already during the planning stage. For example, computer assisted telephone interviewing

allows for more efficient calling procedures and therefore enables the price collectors to attempt

more calls for each sampled household. However, if one were to analyze the distribution of

successful enumeration per number of calls, different decisions on what is an efficient breakeven

point may be arrived at.

Graph 5: number of calls per successful enumeration of households in housing indices
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In graph 5 we observe that 65% of the households were successfully enumerated by up till 10 phone

calls; an additional 10 calls increased the percentage of completed households to 70% and any call

above the 20th did not contribute to the index. Based on this kind of analysis one may decide

(subject to budget constraints) what may be an optimal enumeration plan for the index. While we

are only in the first months of the new module, by planning quality measures at the design stage and

implementing them at assimilation stage, we hope to fine tune procedures in real time.

It should also be stated that the computer assisted telephone interview module for the rent indices

leads to reduced costs per call, therefore enabling more calls per household; a recommended

procedure only if it leads to higher response rates at the given budget constraints.

Graph 6: average time (in minutes) per calls in the housing index
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In graph 6 above we observe a slight increase in the time invested for the unsuccessful calls196. In

addition we see that the successful calls are handled more efficiently in the CATI module. Since

unsuccessful calls can eventually lead to successful ones and increase the response rates of the

household rent survey, we are now contemplating the possibility of allowing for increased calls per

household and still remain within budget constraints.

The measurement tools that we implemented, although very humble at this stage of EFQM project,

seem to indicate that there was an improvement in the quality of the CPI.

5. Summary and future work

ICBS completed a development project for the CPI that included enhancement of the technological

systems along with improvement of procedures and methodology. Naturally, as in any technological

project, most of the financial and human resources were invested in the development of complicated

and modern technology and on training for the various users of the system. Quality measures

concerning the influence of computerization on CPI procedures were not included as part of the

design at the planning stage. Only after the officials felt that all systems were stable and resources

were not expended all the time for problems connected to technological systems, we were able to

address the issues of quality assurance and continuous improvement of the CPI. This is being

achieved by the adoption of the EFQM framework for the CPI. This framework has led to many

favorable results for CPI and its surroundings. In this paper we concentrated on measures for quality

assurance and continuous improvement. These measures are centered on procedural errors in the

index, and on minimization of non-response, i.e. behavioral tools. These in turn may reduce the

need of statistical tools that address flaws in coverage and sampling.

Influence of computerization on the CPI is a difficult measurement task, especially when budget

constraints do not allow for the operation of manual and computer systems in identical periods.

Therefore the quality measures that we devised for the main components of the system can only

indicate future improvements and not always explain what happened to the CPI during the "transfer

period" from a paper based system to a computer based one. After the introduction of EFQM,

additional modules that are being added on to the system, like housing price indices, are already

benefiting from our building of quality measures at the design and assimilation stages. Cost-benefit

analysis on procedural issues can lead to an improvement of the index in real time and still keep

                                                
196 Unsuccessful calls are registered in the data base in one of the following cases: refusal, voice machine, non-
connection, wrong number, etc. Successful calls are tallied only if the CATI questionnaire is completed as far as the
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within the budget constraints. Future work includes expanding of quality measures for all

fundamental types of CPI survey errors.

                                                                                                                                                                 
critical fields are concerned in the pre-determined design..
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Rolf Boesch and Corinne Becker Vermeulen197: Quality
assurance of the Swiss consumer price index

Kewords:
quality assurance (QA), total quality management (TQM), Shewhart-Deming cycle, process models,
Swiss consumer price index (CPI), zero-error approach, outsourced decentralised price collection.

Summary:
An explicit quality management system (QMS) was introduced for the national consumer price
index (CPI) following a breakdown in the 2000 revision. The CPI total quality management system
(CPI-TQM) is based on a zero-error approach combined with a process model.
In practice, the relevant results are identified and subjected to the necessary comprehensive
scrutiny. For this, processes are analysed using a model. In this connection, the risk structures and
the adaptation of implementation methods vary depending on whether the processes are on-going,
such as the production of a price index, or rare or even one-off events, such as index revisions.

Introduction

Index breakdown despite all precautions

Since the start, quality assurance has been a main principle underpinning the Swiss national
consumer price index (CPI). It is of course standard practice that each result is checked by a second
person and that the plausibility of each monthly index is justified.

Nevertheless, there was a breakdown when the methodology of the CPI was revised in 2000. In the
process of underweighting energy sources, units of energy [joules] were used instead of expenditure
[CHF] and the fact that the price per unit of energy [CHF/joule] is different for electricity, gas and
oil was overlooked. Furthermore, the person who checked the figures did not notice that the energy
unit prices had not been specially adjusted. Despite this mistake, the overall relative weighting
seemed to be quite plausible and the variation since the last weighting was carried out in 1993 did
not seem impossible. This type of mistake � an omission or an apparently plausible but incorrect
thought process � is much more difficult to detect than an item placed in the wrong category or an
incorrect calculation.

When the price of oil rose dramatically in late summer 2000198 public interest focused on the
weighting for this factor and after a few weeks the mistake was discovered199. There was a
widespread reaction among the general public. This confirmed the fact that reliability of the CPI is
extremely important to the Swiss population since the CPI is used as a compensation index. It
represents a neutral yardstick that is used as a basis for salary negotiations between social partners
and is an important factor for calculating pension adjustments and for modifying contracts.
Furthermore, the Swiss National Bank (SNB) uses the CPI to evaluate its inflation objectives.
                                                
197 Swiss Federal Statistical Office
198 SFSO: Producer and import price index for September 2000, Neuchâtel October 2000 (only available in French and
Gernan � www.statistik.admin.ch)
199 SFSO: National consumer price index for November 2000, Neuchâtel November 2000 (only available in French and
Gernan � www.statistik.admin.ch)
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One of the measures taken by the Swiss Federal Statistical Office (SFSO) as a consequence was to
introduce a quality management system for the national consumer price index.

CPI Total Quality Management: Basic principles of the CPI-TQM

Zero-error approach
As clearly stated in the introduction, the aim of the CPI quality management system (QMS) is to
avoid having to revise CPI results. This automatically means that there can be no room for error.

Errors can of course never be completely ruled out. In contrast to many classical QMSs in the
manufacturing sector, in the case of the CPI there is no leeway with regard to the precision of the
published results. Likewise, there is no room for error concerning the results of the relevant
activities, all of which are subject to verification. In general, QMSs that include and regulate all
processes are known as total quality management systems (TQMS). In addition �total quality�
corresponds to the �zero-error approach�. Including both requirements, we therefore refer to the
system applied with regard to CPI as CPI total quality management (CPI-TQM).

Development of CPI-TQM from general QMSs
In the general sense, �quality� is basically defined by the recommendations of the European
Statistical System (ESS), which is also the basis for the SFSO�s general Quality Management
Handbook (QM-H). (This handbook does not exclude result revisions, however). The corresponding
quality requirements for public statistics200 are regularly reviewed in relation to the CPI.

The Shewhart-Deming cycle discussed below forms part of both the SFSO�s QM-H and the Q-norm
ISO 9001:2000.

                                                
200 According to the SFSO�s QM-H these are: relevance, transparency, reliability, comparability, impartiality, security
and availability.

Zero-error
approach

QM-H
SFSO

QA-ESS

TQMS /
ISO
9001:2000

CPI-TQM
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Figure 1: CPI-TQM is based on general standards applied within the SFSO and
elsewhere

QMS tools should be used by the qualified personnel directly in-
volved

Quality assurance tools should be made available to the existing organisation of specialised
personnel and line managers, and staff should be trained to use them according to their level and
given the necessary support. The line manager checks process descriptions and ensures coherency.
Quality assurance determines how tools should be used, ensures training and support and verifies
the use of the tools at regular intervals.

Applying CPI-TQM

Analysing processes as a starting point for the practical application
of a QMS

Two questions should be asked as the outset:
- What level of detail should be monitored?
- How intense should controls be?

In order to answer these questions all processes need to be thoroughly analysed and the results
should be set out in a coherent overview.
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What level of detail should be monitored?

In CPI-TQM, monitoring should focus on including all processes that produce results at the lowest
level of actual application.
All quantitative results and intermediate results that are relevant for the published
results of the CPI should be included and checked according to a defined method.

For building up the process hierarchy (figure 2), the details of the organisational links at a higher
level are of secondary importance and should be determined as simply and quickly as possible.
For example, the existing organisational structure or the archiving structure can be used (in this way
no new additional structures are created which could lead to inconsistencies).

What is important, however, is the flow of intermediate results right through to the published result.
This must be included in its entirety.

Figure 2: Practical diagram of the process hierarchy with results (dark / red circles).
The important aspect here is that they are included right through to publication of
the result.

How intensive should the controls be?
This question can only be answered according to the individual circumstances and should also be
monitored at regular intervals. The results of a risk analysis of the process reveal what kind of errors
may occur and how they can affect the result of the CPI. Subsequently, the standard process to be
used as the model for the analysis should be flexible enough in its parameters that the necessary
controls can be defined.

During the development and practical application of CPI-TQM we identified the 3 design
parameters shown below. A sub-model has been devised for the density of the controls with up to 4
different levels of controls. This model is described below.

Design parameter Question Remarks
Frequency of controls How often is a

process divided into
The aim here is to identify all quantitative results
and all decisions that could affect the published

= e.g. CPI structure
diagram

CPI tasks, distribution of
responsibilities

Activities produce partial CPI
results

Publication of CPI =
aggregated results
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individual activities
and the partial result
at their �interface�
controlled?

result of the CPI, and to include them in the
controls.

Density of controls How many people
check the partial
result at the
�interface�?

The CPI-TQM model includes the following 4
levels (roles) that can be used depending on the
importance of the result:
- SELF: self-checking (compulsory)
- PEER: specialist within the team who

was not involved
- EXT: specialist from outside the team or

the office, in particular for the plausibility
aspect

- APPROVAL: approval of the result with
checks by the responsible superior
(compulsory)

Intensity of controls How intensive
should the controls
be?

Description of the necessary examination
method. In the 2005 revision of the CPI, the
following standard control methods have been
defined so far:
- Cross-checking
- Check list
- Internal plausibility check
- External plausibility check
- Calculation check
- Parallel construction (the result is built up

twice separately from the basic figures).
In addition, there is a growing collection of
check lists available.

Table 1: Three design parameters to be used for setting out the necessary and ade-
quate control process
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Available process models
As in the case of most modern QMSs, in CPI-TQM each process is constituted as a cycle of rules.
The �plan, do, check, act� cycle (known as the Shewhart-Deming cycle)201,202, which must be
repeatedly applied, ensures that requirements and results are continually compared for evaluation
and monitoring purposes, so that the necessary measures can be identified and taken203.

Figure 3: Two diagrams showing a regulated process: top, according to Shewhart
and Deming; bottom, closed-loop control system (as used in automation)

Regarding Figure 3, the fact that the outer cycle encompasses the inner cycle in the top diagram
should be mentioned first of all. Frequently, the plausibility of the aggregated results also has to be
controlled. The process description itself is also a result that should be checked at regular intervals.

Despite the fact that the Shewhart-Deming cycle is easy to show in diagram form and to
comprehend, it is still purely theoretical. A more suitable version for analysing the process is the
diagram of the closed-loop control system with its variables and parameters for automatic control
(bottom, figure 3). This version, however, is based on an approach where process errors are

                                                
201 As part of his research into statistical process control (SPC), Walter A. Shewhart developed the �plan, do, check,
act� cycle in the Bell Laboratories in the 1930s. His colleague W. Edwards Deming introduced this cycle in the indus-
trial sector from the 1950s onwards, achieving his early success in Japan (TQM originally stood for Toyota quality
management). This success was then repeated by Deming at the beginning of the 1980s, starting with the famous white
paper entitled �If Japan can, why can�t we?�, published in the USA by NBC.
202 The PDCA cycle devised by Shewhart and Deming is also part of the ISO 9001: 2000 Q-standard (Section 0.2).
203 In the natural sciences and technology sectors the principle described here is known as feedback. Requirements and
results are continually compared and the necessary adjustments are then calculated. In recent decades, the electronic
implementation of (closed-loop) control systems in automated processes in particular has gained enormous importance
in relation to quantity and quality of industrial output.

Process =
workInput Output

Measures

Evaluation
= checksCorrection

1

23

4
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continually eliminated by applying a compensatory function at the entry point whenever necessary
(integral calculation similar to an analogue computer).

The following procedure model for CPI-TQM therefore combines the desirable characteristics of
both basic models.

The definitive process model used for the Swiss consumer price in-
dex

Figure 4: An individual process (activity) in CPI-TQM with its main characteristics

Parameter Contents, definition
Input data Are they quality-assured?
Result (Output) Description
Activity Description of aims, processes, methods
Requirements What criteria must be met by the result?

SELF: who, when, how (compulsory)
PEER: who, when, how
EXT: who, when, how

Checks

APPROVAL: who, when, (how) (compulsory)
Table 2: Characteristics of a CPI-TQM activity

The model of the individual process includes the parameters that are to be evaluated by analysis and
the characteristics that are used to define the controls. These can then be easily defined and set out
in such a table.

For CPI-TQM the tables are drawn up in a simple database which enables fixed data (names,
functions) and various formats of the same content to be used over again for different people. The
result is that those responsible for individual tasks have a simplified overall diagram and one page
per allotted task, while the line manager has a complete catalogue with all the details of all the
tasks.

Process with (partial) result

Input

Result

Activity

Checks
SELF, PEER,

APPRO-
VAL

Requirements
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Practical application of CPI-TQM in relation to CPI

Process security in the production of the CPI
Together with the staff, being the primary sources and users of know-how, we analysed the
activities from the point of view of process characteristics (see Table 2) and stored the results in the
database using brief descriptions. In addition to the elements that describe the process, information
about documentation is also included: in many cases, there were already detailed working
instructions in the production catalogue. These were checked and included through a link.

Defining the controls was of primary importance: results are never obtained without cross-checking,
but it is not always necessary that checks be carried out at all 4 levels (SELF, PEER, EXTERNAL,
APPROVAL;  see Table 2). As a rule of thumb calculations require only an intensive peer check
plus a plausibility check, which in most cases entails a recalculation of the most important
contributions (internal plausibility check). For methodological decisions regarding concepts,
external experts are called upon (for example, from the Evaluation and Methods Group) and
comparisons with other concepts or data are made (external plausibility check)204.

Finally, the process fact sheet for the task was passed on to the person responsible for application
and updating (in the case of modifications, the approval of the line manager must be sought and the
quality manager should be informed).

As indicated in the above representation of the Shewhart-Deming cycle, a distinction can be made
between inner, direct control cycles and outer control cycles involving several processes (the latter
also include the regular evaluation of the actual process descriptions). Some examples are listed
below.

Each month, the staff responsible for producing the CPI hold a quality assessment meeting between
the preliminary calculations for the new index and publication. At this meeting, a structured
assessment is made of that month�s index production. The problems encountered during price
collection, divided into centralised and decentralised price collection, are discussed. Any special
requirements in the coming month are noted. A report is drawn up which includes the necessary
measures.

Before the index is approved for publication, a number of line and staff experts study the monthly
press release as well as checking its plausibility.

Special case: Outsourced, decentralised price collection
In the 2000 CPI revision, special emphasis was placed on the system for decentralised price
collection. The prices of all products with evident regional differences were collected in 24 regions.
The quality of the prices noted as entry data for calculating the index constituted an important
element in relation to the quality of the index.

Before the 2000 revision, 24 local authorities were responsible for collecting prices. This meant that
the SFSO was in contact with 24 different local authority offices, which each had their own ideas
about collecting prices. Consequently, in some cases the SFSO�s task of monitoring and
implementing a standardised price collection system was difficult, to say the least.

                                                
204 A comparison often used in the CPI is based on the Eurostat HVPI, which is generally considered to be a good sum-
mary of current methods and definitions.
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From the point of view of CPI-TQM, this meant that the requirements concerning price collection
could not be set out in a uniform way, neither could the collection process be sufficiently
implemented and controlled. This fact was all the more important since the problems and methods
involved in calculating a price index today, such as variations in product ranges and changes in
quality, are becoming increasingly demanding. An improvement in the price collection system was
therefore urgently needed.

A good solution was found in that decentralised price collection was outsourced to a professional
sub-contractor from the market research sector205. Here the compulsory methods and requirements
can be set out in a price collection handbook. This must also be accompanied by suitable training
and the implementation of the requirements (checks, feedback and improvements).

As far as concerns montly price collection, controls are of great importance. The market research
institute constitutes an inner cycle: it has to control the requirements regarding the results itself. The
results achieved by the market research institute regarding quality assurance are summarised in
monthly reports that contain a large number of figures and indicators, for example the prices
collected per collector, the number of products replaced and a statement concerning the controls
made and the corrections carried out by the institute.

This report already enables the SFSO to satisfactorily monitor decentralised price collection. In a
broader cycle, direct checks are carried out by the SFSO and the plausibility of the information is
verified a second time. For this, as for centralised price collection, the SFSO team has the back-up
of the database for price statistics: all price changes outside certain limits are highlighted. At the
same time, a list of all changes in products and ranges is compiled.

These plausibility lists are checked item by item. Telephone enquiries are made at sales points and
on-the-spot checks are carried out. In addition, price collectors are monitored at regular intervals or
the prices collected are rechecked. An important element here is notification by the SFSO of the
errors it finds. Every month the quality of the price collection system is discussed at the SFSO and
sent to the market research institute int he form of a quality report.
This is a practical example of how the cycle works: for a while, the same errors made by the
decentralised price collectors had to be corrected every month. Finally, enquiries revealed that the
market research institute had not passed on the remarks concerning quality made by the survey
manager at the SFSO to the price collectors in an appropriate form. The �act� element in the
Shewhart-Deming cycle was being omitted, i.e. the information was not being passed back to the
price collectors working in the field! After this problem had been eliminated the errors disappeared
almost completely within a few months.

The SFSO retains �ownership� of this whole process of price collection. Intensive controls,
including decentralised price collection, and a strong presence at the 3 training sessions for
collectors organised every year are as important as revising and improving the price collection
handbook. The necessary level of excellence can only be achieved through maintaining intensive
two-way contact and a full-hearted commitment on both sides: the sub-contractor works according
to market conditions, but with a given and monitored level of quality.

Process security in the annual weighting of the CPI

                                                
205 Corinne Becker Vermeulen, �Subcontracting the price collection: the swiss experience�, paper presented at the Joint
ECE/ILO Meeting on Consumer Price Indices (Geneva, 1-2 November 2001) (available at:
http://www.unece.org/stats/documents/2001.11.cpi.htm).



252

Since the 2000 revision, the annual weighting of the CPI basket of goods and services of the year t
has been calculated from the results of the Swiss Household Budget Survey (HBS) carried out two
years previously (HBS t-2). Since for historical reasons the 5-digit levels of the nomenclature used
for the two sets of statistics do not show a 100% match and some categories have to be carefully
split according to alternative formulae (top-down principle), certain measures are necessary.

Like the on-going calculation of the CPI, the entire process was analysed and documented using the
CPI-TQM model. In contrast to on-going price surveys, the risk with the weighting system is
greater, however; on the one hand, the weightings have a direct influence on the whole CPI for one
year and later on the interlinked Laspeyres chain index, and on the other there is a certain amount of
pressure to meet the deadline because the data obtained from the HBS are finally available only in
the last quarter before the adoption of the new CPI weightings.

The consequence is that plans have to be drawn up with great care and the 4 control levels are used
to full capacity. In addition, the entire weighting system is checked several times; the plausibility of
the entry data from the HBS is verified using market data obtained in advance and a comparison
with the previous year. The final basket of goods and services weighting is also compared with the
weighting for the previous year, price trends in the different categories of items and market data.

Figure 5: Transformation of the SSIC data for CPI weighting with checks at every
stage

Finally, the weighting system is presented to principal CPI users at various workshops. Those
attending these workshops include representatives of the regional statistical offices, social partners
and forecasters from various sectors ranging from economic research and the Swiss National Bank
to commercial banks and universities.

In this way, any possible errors are almost certain to be discovered. A further advantage of the
workshops is that, thanks to the close contact with researchers and users of the CPI, there is always
useful feedback concerning users� needs, while at the same time the users have an opportunity to
learn more about the possibilities and limits of drawing up a price index.

Quality assurance in the 2005 revision
The CPI is revised every 5 years. Each revision project, which is in fact unique, involves a major
risk of a breakdown: in any one such project it is far more difficult to ensure that all relevant results

Analyses and interpretations Controls

Calculation of consumer spending according to the CPI Controls

Adjustment for price trends Controls

Final weighting of basket of goods and services for CPI t Controls

Analyses and interpretations Controls

Results of the HBS t-2 : household expenditure Controls
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are of the highest quality and in particular contain absolutely no errors206 than in the monthly
production of the CPI or in the annual weighting. It is only partly possible to repeat processes that
have already been planned and evaluated!

There are two further typical risks with the project: the risk of setting a wrong goal for the project
and the risk of not meeting the deadline. The date when the revised CPI will be published is
announced well in advance and cannot be changed.

SFSO statistical project model
Accordingly, the SFSO has drawn up a project management handbook (PMH)207 that contains a
compulsory model for statistical projects.

The PMH indicates the first effective measure for reducing the risk of setting a wrong goal: users�
needs should be analysed at the start of the revision process208.

In order to further reduce both risks, the statistical project should be divided up into various phases.
When each phase is completed, a corresponding report is drawn up and submitted to various bodies
up to and including the central management of the SFSO, so that despite the uniqueness of the
project there is internal repetition and the Shewhart-Deming cycle can be applied.

The SFSO project model also includes a rough outline of the results expected from a statistical
project; this outline can be found in Appendix I. It constitutes the upper part of the process
hierarchy (see Figure 2) for the 2005 CPI revision project. Further down the hierarchy, the concrete
tasks comprising the project are identified by the project manager and allotted to the staff. The latter
may then divide their tasks into sub-tasks. The yardstick for dividing tasks is the relevant result,
however, that may influence the published CPI for 2005 and must therefore be controlled.

On-going analysis of processes under the project conditions
For the CPI revision, the scientific staff form sub-teams for each task (matrix organisation). This
ensures internal exchange and feedback in the sub-team that helps them to work in a targeted and
efficient way. This internal exchange is well established in the whole CPI team and is further
encouraged for the revision process by weekly team meetings where those present are
systematically informed of the progress being made and specific technical problems can be
discussed by the team as a whole.

In the on-going processes, fixed job descriptions are enhanced by outlines and control plans for
each task that the sub-teams work on independently. As the work advances, the outlines become
working reports that are regularly checked by and discussed with the project management. At the
end, these working reports, which are much more detailed than the general phase reports, set out
decisions and procedures, as well as unsolved problems and unanswered questions that go beyond
the project.

The control plans that the sub-teams draw up independently according to the prerequisites of the
CPI-TQM process model (a form is provided for this purpose that indicates the necessary variables
and parameters as well as instructions for the analysis) are checked by the CPI change manager and
discussed with the sub-teams. At the start of a phase in the process, it is important to recognise
whether a task should produce quantitative results (calculations) or qualitative results (conclusions,

                                                
206 The zero-error approach remains  an absolute priority with regard to the published results of the CPI.
207 See PMH V5.3
208 A survey was carried out among IPC users in autumn 2003.
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concepts, proposals) (see Section 4.1 concerning the use of the 4 checking levels). The amount of
work involved in the checking and the staff that will be needed have to be estimated. Schedules then
have to be drawn up with peer colleagues and other controllers.

All the controls made are described in the control plan, which thus becomes a control report. Check-
lists from the SFSO project handbook are also available for carrying out the controls. In the case of
particularly difficult tasks, special check-lists may be devised specifically for the project and
approved separately. The change manager re-checks the final reports from the point of view of
quality assurance and the project manager uses them for final approval.

The systematic planning described here and the accompanying documentation involves additional
work, even when the system is optimally integrated. To the individual person writing a report, the
information collected may appear at that moment to be trivial. Furthermore, awareness that the
planned schedule can never be achieved 100% may cause uneasiness. The processes of collation,
evaluation and synthesis, however, are prerequisites as well as the price that has to be paid for
ensuring that measures can be taken in good time to guarantee that high-quality content is achieved
and the deadline is met.

Since both the SFSO project model and the CPI-TQM for the 2005 revision are at an introductory
stage and quality assurance is in general still being set up in the service sector, both enjoy the
support of specialised consultants. When the consultants were selected, emphasis was placed on
their proven success in complex projects (in fact in IT and organisational projects) and not only on
their theoretical knowledge of project and quality management.

General check links
The SFSO project model stipulates that the results of the different phases of the project are to be set
out in a report which is then discussed in various stages and is approved and passed on through the
SFSO lines up to general management.

The first general link represents audits carried out by the project principal, who must be convinced
that, in each phase, the approach adopted corresponds to the given aims and requirements and that
suitable methods and controlling procedures are being used.

First of all, the results of each phase are submitted to a supporting panel of external experts209 who
give their opinion. Their comments and proposed measures form an integral part of the phase report
and of the proposal that approval be given by general management for the next phase.

The phase reports are then distributed to all interested parties. This includes on the one hand all the
users already mentioned, but the bodies involved in the price collections, representing various
sectors, are also important. The entire composition of the basket of goods and services and the price
collection apparatus is discussed in detail at numerous meetings with representatives of the various
sectors, thus ensuring the best result.

Conclusions drawn from the QMS experience vis-à-vis the CPI
A decisive factor in the success of a QMS is the integration of Q-tools into the processes. These
tools must be made available to the lines and those working in the field, who should be
appropriately trained to use them and regularly monitored. Furthermore, QMSs should not be
allowed to have a life of their own. Quality assurance must not be an imposed, foreign element that
                                                
209 Generally, the same as those invited to the annual workshops after the CPI basket of goods and services has been
reweighted (see 4.2)



255

uses up additional resources but remains an outside factor (for example, as an appended, additional
organisation). If the QMS is not properly integrated many errors will remain undetected, those with
knowledge and experience will be incapacitated and the responsibilities they take on will be
reduced.

If a QMS is to be really well integrated into the processes it must be simple and efficient, while at
the same time a QMS that is easy to use and always up-to-date requires the type of electronic
support that is not yet available in a simple, integrated form. With regard to the CPI, the CPI-TQM
is also still at the construction stage and is evaluated and improved in every phase with the help of
specialised consultants.

A systematic QMS involves additional work. This is the price that has to be paid for ensuring that
quality assurance measures will be identified without fail and in good time. If in practice there are
difficulties meeting the deadline, these measures mostly consist of setting priorities and deciding on
which tasks to abandon, since no additional resources are available.

In the case of decentralised price collection where the SFSO implemented the change of system
already mentioned for the 2000 CPI revision and mandated a market research institute to collect
prices, experience shows that the decisive factors are: precise specifications concerning the services
required, continual and detailed checking of the results received and on-going optimisation of the
collaborative aspect.

With unique projects such as the revision of a price index, a phase model can serve to ensure
artificial repetition on the one hand, and risks can be reduced through proven structural
prerequisites, forms and check-lists on the other. This is achieved through the project management
handbook that is being introduced at the SFSO.

It is also possible to improve security with regard to content and deadlines within each phase
through repeated checks, for example through regular presentations, reports and discussions of the
partial results. Existing process documentation in continually repeated processes is replaced by �on
the fly�, on-going process analyses by those responsible for individual tasks, the analyses then
becoming work and control reports.

For important results all possible means of controls, including the double calculation of important
results, must be fully used. It is also important that the methodological results of revisions are
accepted by internal and external experts and users before they are implemented.
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Appendix I: Sections and results of the SFSO project model with 5
phases and chapter titles

PhasesSections and
results Start General

concept
Detailed
concept

Realisation Introductio
n

X10.0 Purpose 110.0 210.0 310.0 410.0 510.0
X20.0 Procedure 120.0 220.0 320.0 420.0 520.0
X30.0 Results 130.0 230.0 330.0 430.0 530.0
X31.0 Project manage-
ment

131.0 231.0 331.0 431.0 531.0

X31.1 Project plan 131.1 231.1 331.1 431.1 531.1

X31.2 Project report  231.2 331.2 431.2 531.2

X31.3 Project administra-
tion

 231.3 331.3 431.3 531.3

X31.4 � X31.5 Phase re-
sults

131.4 231.4 / 5 331.4 431.4 531.4

X32.0 Project realisation  232.0 332.0 432.0 532.0
X32.1 Basic conditions  232.1 332.1 432.1  

X32.2 Methodological
framework

 232.2 332.2 432.2  

X32.3 Organisation and
processes

 232.3 332.3 432.3  

X32.4 Resources  232.4 332.4 432.4  

X32.5 IT  232.5 332.5 432.5  

X32.6 Tests  232.6 332.6 432.6  

X32.7 Training   332.7 432.7 532.7

X32.8 Communication  232.8 332.8 432.8 532.8

X32.9 Overall system  232.9 332.9   532.9

X33.0 Quality assurance  233.0 333.0 433.0 533.0
X33.1 Checking plan  233.1 333.1 433.1 533.1

X33.2 Check on complete-
ness and deadline

 233.2 333.2 433.2 533.2

X32.3 Check on content  233.3 333.3 433.3 533.3

X40.0 Consultations and
decisions

140.0 240.0 340.0 440.0 540.0
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Session 5:  Other Issues

Moderator: John Greenlees, BLS

Summary of Session

This session comprised three papers, all applications of the hedonic regression approach to quality
adjustment in high-technology product areas.  The presentations and discussions were more
concerned with broad issues in hedonic methodology than with the regressions results themselves.

The first paper, by Mick Silver and Saeed Heravi, used data on desktop computers to analyze the
differences between time dummy hedonic (DTH) indexes and hedonic imputation (HI) indexes.
Using the Törnqvist specification, the authors decomposed the difference between the two methods
into two factors corresponding to (i) parameter instability and (ii) changes in average product
characteristics between the two periods being compared.  They concluded that HI indexes are
preferred when parameter instability dominates, and DTH indexes when quality characteristics are
changing.  When both sorts of changes are occurring, it may be best to average the index estimates
from the two approaches.

The second paper was by Jan de Haan.  Stimulated by Silver and Heravi�s results, de Haan also
analyzed the properties of time dummy hedonic indexes using data on PCs.  He noted that the time
dummy hedonic index is a special case of the hedonic imputation index, but only if the regression
weights are properly chosen.

The final paper in this session was a comparison of different quality adjustment methods for digital
cameras, by Kari Manninen.  The author concluded that the hedonic method is feasible and
sufficient, even in situations where quality change is rapid.  He also noted that simpler and more
complex specifications produced similar index results.  Thus, his results suggest that the data
requirements for a hedonic index may not exceed those necessary to apply the matched-model
approach.

In leading off the general discussion of the three papers, the Chair noted that several issues had been
raised, among them the acceptability of the time dummy approach, the appropriate set of weights to
be used in hedonic regressions, the method in which imputation approaches are employed, and the
adequacy of the matched-model approach.

Several participants argued for more research on the extent to which the DTH and other hedonic
models are robust to changes in preferences, missing variables, and other factors.  Martin Ribe
noted that research at the European Hedonic Center found much  wider differences across
specification than Manninen�s paper found.  There was broad agreement on the desirability of
cross-validation work.  Mick Silver noted that the greater the spread between different index results,
the less confidence we can have in either.

David Johnson observed that in order to evaluate whether these approaches were useful in
operational price index work there was a need to focus on month-to-month changes, not just long-
run indexes.  He also noted that both bias and variance were issues in determining which
approaches were �better.�
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In response to a comment by Kevin Fox, Jan de Haan noted that weighting could be justified by
heteroscedasticity considerations as well as a desire for representativity.  He emphasized that equal
weighting in a hedonic regression is difficult to reconcile with standard index formulas.

Two participants argued that multi-period DTH models were not operationally feasible and that our
analysis of the time dummy approach must therefore focus on two-period models.

Recommendations for Statistical Agencies
1. There was agreement that weights should be used in regressions where possible.

Furthermore, with respect to DTH models, there was agreement that de Haan�s criticism
of Silver and Heravi�s weights was accurate.

2. The issues surrounding hedonic regression are how they should be employed, not
whether they are acceptable or desirable.  There was little or no support for the argument
sometimes made that the matched model approach is sufficient when high-frequency
data are available.
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Mick Silver and Saeed Heravi: The difference between hedonic
imputation indexes And time dummy hedonic indexes for desktop
pcs

Acknowledgements are due to the U.K Office for National Statistics (ONS) for supplying the data
for this study. This follows a well established research link with the ONS which has been of much
benefit to the authors. Naturally the ONS are not responsible for any views, errors of omission or
commission in this paper. We acknowledge useful comments from Ernst Berndt (MIT), W. Erwin
Diewert (University of British Columbia), Kevin Fox (UNSW), Jan de Haan (Statistics Nether-
lands) and other participants at an NBER/CRIW conference on index number and productivity
measurement in Vancouver, June 2004.

ABSTRACT
This paper shows why the two main approaches to estimating hedonic indexes can produce quite

different results. The proper measurement of inflation requires the use of hedonic indexes, rather
than matched models, for product areas which have a high turnover of differentiated models. The
two main approaches to hedonic indexes are hedonic imputation (HI) indexes and dummy time he-
donic (DTH) indexes. HI indexes value a fixed period�s basket of characteristics using both base
period and current period hedonic coefficients and take the ratio of the latter to the former. HI index
number formulas differ in their use of which period�s characteristics are held constant for the
valuation. DTH indexes estimate price change using the coefficient on a dummy variable for time in
a hedonic regression which uses both base and current period�s data. For DTH indexes the slope
parameters are constrained to be the same for both periods to allow the intercept shift to measure
quality-adjusted price change. For HI indexes the change in the parameters over time are, paradoxi-
cally, the essence of the measure.

The study provides a formal analysis of the difference between the two approaches. It shows the
conditions under which the approaches will provide similar results which, surprisingly, may even be
when parameters are unstable, and the factors governing differences between the results. It shows
that differences between the methods can be substantial and discusses why this is the case and the
issue of choice between these measures.  An illustrative study for desktop PCs is provided. It dem-
onstrates the importance of using hedonic indexes for product areas which have a high turnover of
differentiated models, that the two approaches can differ and the factors underlying the difference.

KEYWORDS: HEDONIC REGRESSIONS; HEDONIC INDEXES; TIME DUMMY VARIABLE INDEX;
CONSUMER PRICE INDEXES; PERSONAL COMPUTERS

JEL classification: C43, C82, E31.

The purpose of this paper is to outline and compare the two210 main and quite distinct approaches

                                                
210 An alternative approach to hedonic indexes is to use a fixed effects panel estimator in which
instead of hedonic characteristics on the right-hand-side of the regression, each model, other than a
benchmark one, has a dummy variable (suggested by Diewert in (2002a)�see Aizcorbe (2003) for
an application). In practice the panel estimation procedure is much simpler; the price deviations for
each model from their mean over time are regressed on the deviations of the explanatory dummy
variables for each model for all t with an adjustment for degrees of freedom (Davidson and
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to the measurement of hedonic price indexes: hedonic dummy time variable indexes and hedonic

imputation indexes. Both approaches not only correct price changes for changes in the quality of

items purchased, but also allow the indexes to incorporate matched and unmatched models. How-

ever, they can yield quite different results and it is not immediately apparent which approach is

preferable. The standard way price changes are measured by most national governments is through

the use of the matched models method.  In this method the details and prices of a representative

selection of items are collected in a base reference period and their matched prices collected in suc-

cessive periods so that the prices of �like� are compared with �like�.  However, if there is a rapid

turnover in available models, then the sample of product prices used to measure price changes be-

comes unrepresentative of the category as a whole as a result of both new unmatched models being

introduced (but not included in the sample), and older unmatched models being retired (and thus

dropping out of the sample). Hedonic indexes use matched and unmatched models and in doing so

put an end to the matched models sample selection bias (Cole, et al. (1986), Silver and Heravi

(2002) and Pakes (2003)).

Our interest in hedonic indexes arose from the need to reduce bias in the measurement of the U.S.

consumer price index (CPI), which has been the subject of three major reports, the Stigler Commit-

tee (1961), Boskin Commission (1996) and the report by the Committee on National Statistics

(2002): the Schultze panel. Each found the inability to properly remove the effect on price changes

of changes in quality to be a major source of bias. Hedonic regressions were considered to be the

most promising approach to control for such quality changes, though the Schultze panel cautioned

for the need for further research on methodology.211

At first sight the two approaches to hedonic indexes appear quite similar and there is little to

choose between them. Both rely on hedonic regression equations to remove the effects on price of

quality changes. They can also incorporate a range of weighting systems, take specific functional

forms for the aggregation (e.g. geometric and arithmetic) and can be formulated as chained or di-

rect, fixed base comparisons. Yet they can give quite different results, even when using comparable

weights, functional forms and the same periodic comparison. This is because they work on different

principles. The dummy variable method constrains hedonic regression parameters to be the same

over time while a hedonic imputation index paradoxically relies on parameter change as the essence

of the measure. There has been some valuable research on the two approaches (see Berndt and Rap-

                                                                                                                                                                 
MacKinnon, 1993: 323).  For a direct fixed base comparison the estimate reduces to a matched
models one.
211 �Hedonic techniques currently offer the most promising approach for explicitly adjusting observed prices to account
for changing product quality. But our analysis suggests that there are still substantial unresolved econometric, data, and
other measurement issues that need further attention.� (Committee on National Statistics, 2002: 6).
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paport (2001), Diewert (2002b), Silver and Heravi (2003), Pakes (2003) and Triplett (2004)),

though no formal analysis, to the author�s knowledge, of the factors governing the differences be-

tween the approaches.  Berndt and Rappaport (2001) and Pakes (2003) have highlighted the fact

that the two approaches can give different results and both advise the use of HI indexes when pa-

rameters are unstable, though our analysis casts more light on this proposal.

This paper first, in section I, examines the alternative formulations of the two methods and then,

in section II develops an expression for their differences. Section III provides an empirical study for

desktop PCs and section IV discusses the issue of choice between the approaches in light of the

findings in sections II and II; section V concludes.

I. HEDONIC INDEXES

A hedonic regression equation of the prices of i=1,...,N models of a product, pi, on their quality

characteristics zki , where zk =1,�.,K price-determining characteristics, is given in a linear form by:

i

K

k
kiki zp εβγ ++= ∑

=1
0

(1)

The βk are estimates of the marginal valuations the data ascribes to each characteristic (Rosen

(1974), Griliches (1988) and Triplett (1988), see also Diewert (2003) and Pakes (2003)). Statistical

offices use hedonic regressions for CPI measurement when a model is no longer sold and a price

adjustment for quality differences is needed in order that the price of the original model can be

compared with that of a non-comparable replacement model. Silver and Heravi (2001) refer to this

as �patching�. However, patching can only make use of data outside of the matched sample when a

model is missing. The replacements are on a one-to-one basis. The needs of quality adjustment, in

dynamic markets, such as PCs, is to resample each month to cover a representative sample of all the

new models in the market and hedonic indexes provide the required measures.

A. Hedonic imputation (HI) indexes

Hedonic imputation (hereafter�HI) indexes take a number of forms: first, as either equally-weighted or weighted indexes; second, depending on the

functional form of the aggregator, say a geometric aggregator as against an arithmetic one; third, with regard to which period�s characteristic set is

held constant and finally, as direct comparisons between periods 0 and t, or as chained indexes, with individual links being calculated between periods

0 and 1, 1 and 2,�.,t-1 and t, the results being combined by successive multiplication.

Consider the linear hedonic function ( )000
ii zgp� =  of (1) and a semi-logarithmic form of (1) ( )000� ii zhp =  both estimated in period 0 with

a vector of K quality characteristics 
00

1
0

iKii z,......,zz =  and 
0N  observations and similarly for period t. Let quantities sold in period 0 be

0
iq and relative sales value shares be ∑=

i iiiii qpqps 00000 /  and again similarly for period t.

A hedonic Laspeyres index for matched and unmatched period 0 models is given by:
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and a hedonic Paasche index for matched and unmatched period t models by:
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It is apparent from equations (2) and the first expression in (3) that a hedonic Laspeyres index holds characteristics constant in the base period while a

hedonic Paasche index holds the characteristics constant in the current period. Thus the differences between the hedonic valuations in Laspeyres and

Paasche are dictated by the extent to which the characteristics change over time; i.e. ( )0
i

t
i zz − .  The further the iz  values are apart, say due to

greater technological change, the less justifiable is the use of an individual estimate and the less faith there is in a compromise geometric mean of the

two indexes�a Fisher index.212 Since neither hedonic Laspeyres and nor Paasche indexes can be considered superior, we focus in the analytical work

on superlative indexes�the Fisher, Törnqvist and Walsh formulas�which make symmetric use of information in both periods, are supported by

economic theory and axiomatic considerations and are preferred target indexes in the forthcoming international CPI Manual (Diewert, 2004: chapters

15-18). 213

For our consideration of matched and unmatched new and old models in the indexes we consider four exhaustive sets of models: ( )tSi t ∩∈ 0

matched models in period t; ( )tSi ∩∈ 00  matched models in period 0; ( )0¬∈ tSi t  unmatched new models present in period t, but not in

period 0; ( )tSi ¬∈ 00  unmatched old models present in period 0, but not in period t. Let the number of models in these respective sets be

denoted by ( ) ( )tN,tN t ∩∩ 00 0 , ( )tN ¬00  and ( )0¬tN t . We also denote the set of matched models with common characteristics

t
ii

m
i zzz == 0

 in both periods as ( )tSi ∩∈ 0  enumerated over ( ) ( ) mt NtNtN,...,i =∩=∩= 001 0 . A generalized214

hedonic Fisher index (a geometric mean of (2) and (3)) is given by:
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A generalized hedonic Törnqvist index is given by:
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where 2/)(~ 0 t
iii sss += .

A generalized hedonic Walsh index is given by:

                                                
212 As an estimate of a COLI index the spread is irrelevant since the need is to include substitution effects and Fisher
meets this need. However, Laspeyres and Paasche answer meaningful question and act as bounds on models of
economic behaviour that different consumer might pursue. A Fisher estimate with less �spread� is more satisfactory
213 Pakes (2003) advocates a Laspeyres hedonic as an upper bound to a target compensating index but notes that a
Paasche hedonic index may be more feasible in real time, again raising issues as to the extent of the difference.
214 Diewert (2002b) referred to indexes that incorporated all unmatched and matched data as generalized forms.
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where 
m
i

t
ii zzz =0

 for the summation over 
mN matched models.

B. Dummy time hedonic (DTH) indexes

Dummy time hedonic (hereafter�DTH) indexes are a second approach which, as with HI indexes,

do not require a matched sample.215 The formulation is similar to equation (1) except that a single

regression is estimated on the data in the two time periods compared, ( )tSi ∪∈ 0 . The equation also

includes a dummy variable Dt which is equal to 1 in period t, and zero otherwise: 

∑
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+++=
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k

t,
i

t,
kik

t,t,
i zDp

1

000
10

0ln εβδδ    

(7)

The exponent of the estimated coefficient *
1δ is an estimate of the quality-adjusted price change

between period 0 and period t. A weighted version of (7) would use a weighted least squares (WLS)

estimator and weights 2/)(~ 00 t
iii sss +=  for matched models and 20

is  or 2t
is  for unmatched old

and new models respectively (Diewert, 2002b).

The regression equation (7) constrains each of the βk coefficients to be the same across the two

months compared. In restricting the slopes to be the same, the (log of the) price change between

periods 0 and t can be measured at any value of z, as illustrated by the difference between the

dashed lines in Figure 1. For convenience it is evaluated at the origin as *
1δ . Bear in mind the HI

indexes outlined above estimate the differences between price surfaces with different slopes. As

such the estimates have to be conditioned on particular values of z, which gives rise to the two

estimates considered in (2) and (3): the base HI using z0 and the current period HI using zt
, as shown

in Figure 1. The very core of the DTH method is to constrain the coefficients to be the same, so

there is no need to condition on particular values of z. The DTH estimates implicitly and usefully

make symmetric use of base and current period data. As with hedonic imputation indexes DTH

indexes can take fixed and chained base forms, though they can also take a fully constrained form

whereby a single constrained regression is estimated for say January to December with dummy

variables for each month, though this is impractical in real time since it requires data on future

observations.

II. WHY HEDONIC IMPUTATION AND DUMMY TIME HEDONIC INDEXES DIFFER
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A. Algebraic differences

(i) a reformulation of the hedonic indexes

There has been little analytical work undertaken on the factors governing differences between the

two approaches. To compare the HI approach to the DTH approach we first need to reformulate the

HI indexes. We note that the HI approach relies on two estimated hedonic equations, ( )t
i

t zh  and

( )00
izh  for periods 0 and t respectively:
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We assume that the errors in each equation are similarly distributed, then phrase the two equations

as a single hedonic regression equation with dummy time intercept and slope variables:
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where 1,0
0 =tD  if observations are in period t and 0 otherwise, )( 0

001 γγγ −= t , t
ki

t
ki zD =,0  if

observations are in period t and 0 otherwise, and )( 0
k

t
kk βββ −= . The *

1γ is an estimate of the

change in the intercepts of the two hedonic price equations and is thus a HI index evaluated at a

particular value of t
kiz ,0 , say denoted by  t,

kz~ 0 which is zero at the intercept. A HI index evaluated at

0~ ,0 =t
kz  has no economic meaning. We require a mean-value HI index evaluated at .~ ,0,0 t

k
t

k zz =  The

Walsh and Törnqvist indexes can be evaluated at mean values and, being superlative, should closely

approximate each other and the Fisher index, all of which are recommended as target indexes for

consumer price indexes (Diewert, 2004, chapters 15 and 17). The mean values that correspond to

the generalized Törnqvist and Walsh HI indexes of (5) and (6) are respectively:216
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215 See De Haan (2003) for a variant that uses matched data when available and the time dummy only for unmatched
data.
216 Mean value weights that apply to price changes differ from those that apply to prices in the Walsh index. The former

are 0000
ipi

t
iqiqipt

iqiq ∑ for matched models, as opposed to ∑i
t
iqiqt

iqiq 00 , but it is the latter that concern us.
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We thus do not evaluate 1γ at 0~ ,0 =t
kz , but for Törnqvist and Walsh HI indexes at t

rnöTk
t

k zz ,0,0~
−= and

t
Walshk

t
k zz ,0,0~

−=  respectively. The required Törnqvist HI index is thus estimated (hereafter all

references to indexes are after taking the exponents) as:

∑
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∗∗ +

K

k
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rnTkk z
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0
ö1 βγ                                 where *

kβ is a WLS217 estimate of )( 0
k

t
k ββ −

(13)

Figure 1 illustrates for a single (k=1) z variable how the estimate of the difference between the two

hedonic equations at the intercept, ∗
1γ , has an adjustment to allow it to be evaluated at the Törnqvist

mean from (11), t
rnoTkz ,0
&&− . Note that we do not estimate the equations using OLS, but an estimator

whose weights correspond to a Törnqvist index, i.e., a WLS where the weights are those outlined

after equation (7).  We focus on the case of the Törnqvist HI index with similar principles applying

to the Walsh HI index.

Consider now the DTH index in (7) which constrains 0)( 0 =−= k
t
kk βββ  in (10) and thus

∑ =

K

k
t

kk D
1

,0β  to be zero. The DTH index in (7) corresponds to a Törnqvist (DTH) index if

estimated using WLS where the weights are those outlined after equation (7) above. A natural

question is how does the estimated DTH index *
1δ in (7), which is invariant to values of t

kiz ,0 , differ

from the HI index evaluated at the means of t
kiz ,0 in (13)?

(ii)  How does a Törnqvist HI index differ from a Törnqvist DTH index?

This difference is first considered by comparing ( )∗∗ − 11 γδ , the difference in the intercepts,

where 0~ ,0 =t
kz , between the constrained and unconstrained regression equations (7) and (10)

respectively. The difference is �omitted variable bias� due to the omission of ∑ =

K

k
t

kk D
1

,0β in (7).

Consider the case of a single k=1 characteristic, the principles being readily extended to more

variables.  Consider further the regression, using data in periods 0 and t, of the omitted variable�

the slope dummy variable, t
i

t
i zD 1
,0

1 =  if period t and 0 otherwise, in (10)�on the remaining right-

hand side variables, the intercept dummy tD ,0
0 , the t

iz ,0
1  characteristics and a disturbance term

                                                
217 The weights used to correspond to a generalized Törnqvist index were outlined following equation (7) .
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side variables, the intercept dummy tD ,0
0 , the t

iz ,0
1  characteristics and a disturbance term t,

i
0ω with

desirable properties:

t,
i

t,
i

t,t,
i zDD 00

1
0
2

0
01

0
0

0
1 ωλλλ +++=

(14)

Omitted variable bias is the product of the coefficient on the omitted variable, 1β (for k=1 in (10)),

and the coefficient *
1λ  which is estimated from the above regression (14) on t

iD ,0
1  i.e. the

multicollinearity between the missing and included variables (Davidson and McKinnon, 1993).

Thus the difference (before taking exponents) DTH minus HI, at the intercept is

( ) ∗∗∗∗ ×=− 1111 λβγδ and the (log of the) DTH index is thus given by ∗∗∗∗ +×= 1111 γλβδ . The (log of

the) Törnqvist HI index at t
Törnz ,0

1− from (11) for one variable is estimated as:

t
Törnz ,0

1
*
1

*
1 −+ βγ

(15)

Thus the (log of the) Törnqvist DTH index minus the (log of the) Törnqvist HI index at t,z 0
Törn1− is:
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0
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0
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−

∗∗
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∗∗∗∗∗ −−=−=+−+× λββλββγγλβ

(16)

Alternatively the ratio of the DTH and HI indexes at the intercept is

( ) ( ) ( )∗∗∗∗ ×= 1111 λβγδ expexp/exp and the DTH index is thus given

by ( ) ( ) ( )∗∗∗∗ ××= 1111 γλβδ expexpexp . The Törnqvist HI index at t
Törnz ,0

1− from (11) for one variable is

estimated as: ( )t,** zexp 0
Törn111 −+ βγ . Thus the ratio of the Törnqvist DTH index to the Törnqvist HI

index at t,z 0
Törn1− is:
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(17)

                              where t∗
1β  and 0

1
∗β  are WLS estimates.

If either of the two terms making up the product on the right�hand-side is close to zero then there

will be little difference between the indexes.  Neither parameter instability nor a change in the

mean characteristic is sufficient in itself to lead to a difference between the formulas.  The

)( k
t

k
0

1
∗∗∗ −= βββ from (10) is the estimated marginal valuation of the characteristic between

periods 0 and t, which can be positive or negative, but may be more generally thought to be

negative to represent diminishing marginal utility/cost of the characteristic.
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We now consider the WLS estimated *
1λ . Bear in mind that the left-hand-side of the regression in

equation (14), t
iD ,0

1 , is 0 in period 0 and t
iz1 in period t and that Dt on the right-hand-side is 1 in

period t and zero in period 0. If we assume quality characteristics are positive, 1λ will always be

positive as the change from 0 in period 0 to their values in period t. Consider the weighted

(Törnqvist ) means 0
1 Tornz −  for ( )210 ∩∈ Si  and ( )tSi ¬∈ 00  (matched period 0 and unmatched old

period 0) and t
Tornz −1  for ( )21∩∈ tSi  and ( )0¬∈ tSi t  (matched period  t and unmatched new

models in period t).

If we assume for simplicity that t
TörnTörn zz −−−−−−−− ==== 1

0
1 , then t

Tornz −≈ 1
*
1λ since it is an estimate of the

change in t
iD ,0

1  in (14) arising from changing from period 0, where 0,0
1 =t
iD , to period t where it is

t
Tornz −1  and has an expectation of t

Törnz −1 . The *
1λ  estimate is conditioned in (14) on t,z 0

Törn1− , the

change from 0
1 Törnz − to t

Törnz −1 , but since we assume these to have not changed our estimate of

t
Törnz −≈ 1

*
1λ  holds true.218 Thus the second part of the difference expression in (14), ( )t

Törnz ,0
1

*
1 −−λ , is

simply ( )t
Törn

t
Törn zz ,0

11 −− −  which, given our assumption of t
TörnTörn zz −− = 1

0
1 , is equal to 0. Thus from the

right-hand side of (17), for samples with negligible change in the mean values of the characteristics,

the DTH and HI will be similar irrespective of any parameter instability. Diewert (2002b) and

Aizcorbe (2003) have shown that the DTH and HI indexes will be the same for matched models and

this analysis gives support to their finding. However, we find first, that it is not matching per se that

dictates the relationship; for unmatched models all that is required is that t,t zz 0
Törn1Törn1 −− = which may

occur without matching�it simply requires the means of the characteristics not to change. Second,

that even when the means change the two approaches will be equal if 00 =− *
k

t*
k ββ , i.e. there is

parameter stability. Finally, it follows that if either of the two right-hand side expressions in (17) are

large, the differences between the indexes will be compounded.

But what if t
TörnTörn zz −−−−−−−− ≠≠≠≠ 1

0
1 ? The estimated coefficient *

1λ  from (14) regression is given by:219
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218 We are not requiring t

TörnTörn zz −− = 1
0

1 ; unconditioned estimates might be evaluated by examining omitted variable
bias in (12).
219 The estimated coefficient on 1x of a regression of y on 1x  and 2x  is given by:
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for an unweighted regression where tN and N  are the respective number of observations in period t

and both periods 0 and t, 2
zσ is the variance of z and ( ) zzNz)z,Dcov( tttt,

i
t,

i ∑ −= 20
1

0
1 is the

covariance of t
iD ,0

1 and t
iz ,0

1 from (14). Readers are reminded that from (17):

 ( )[ ]t,t

z

z)(exp
t,
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−

λββ
M

(19)

First, as noted, if there is either negligible parameter instability or a negligible change in the mean

of the characteristic, then there will be little difference between the formulas. However, as

parameter instability increases and the change in the mean characteristic increases, the

multiplicative effect on the difference between the indexes is compounded. The likely direction and

magnitude of any difference is not immediately obvious.  Assume diminishing marginal valuations

of characteristics, so that 0)( 0*
1

*
1 〈− ββ t . Second, even assuming a positive technological

advance, 00
11 〉− )zz( t,t , and given )( tNN − , ),cov( ,0

1
,0

1
t

i
t

i zD , tz1  and 2
zσ  are positive, it remains

difficult to establish from (18) the effect on *
1λ  of changes in its constituent parts. However, third,

as tN becomes an increasing share of N , and at the limit if tN  takes up all of

N (i.e. 0)( =− tNN ), then 2,0
1

,0
1 ),cov( z

t
i

t
i zD σ→ and more importantly, t,t zz 0

11 → and the difference

between the formulas is dictated by ( )tt z ,0
1

0*
1

*
1 )( −− ββ ; i.e. a DTH index will exceed a HI index.

Note that (18) is based on an OLS estimator and for a WLS Törnqvist estimator similar principles

apply, though the determining factor for a DTH index to exceed a HI index is for the weights of

new models to be increasing, a much more reasonable scenario. Thus other things being equal, the

nature and extent of any differences between the two indexes will depend on (i) changes in the

mean quality of models )zz( t,t 0
11 − , (ii) the relative number of models in each period, )( tNN − ,

(iii) the dispersion in z, 2
zσ , (iv) the absolute mean of the characteristics in period t, tz1 , (v) the

),cov( ,0
1

,0
1

t
i

t
i zD  which as 0)( →− tNN , i.e. tN  takes up all of N , then 2,0

1
,0

1 ),cov( z
t

i
t

i zD σ→ and

11 zz t = and 0*
1 =λ , and (vi) parameter instability, )( *t* 0

11 ββ − .

B. Treatment of unmatched observations

Diewert (2002b) and Aizcorbe (2003) show that while the DTH and HI indexes will be the same for

matched models, they differ in their treatment of unmatched data.  Consider hedonic functions

( )t
i

t
i zh  and ( )00

ii zh  for periods t and 0 respectively as in (8) and (9) and a (constrained) time dummy

regression equation (7). Consider an unmatched observation only available in period t. A base

period HI index such as (2) would exclude it, while a current period HI index such as (3) would

include it and a geometric mean of the two (4) would give it half the weight in the calculation of
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that of a matched observation. A Törnqvist hedonic index (5) would also give an unmatched model

half the weight of a matched one. For a DTH index such as (7) an unmatched period t model would

appear only once in period t in the estimation of constrained parameters, as opposed to twice for

matched data. We would therefore expect superlative HI indexes, such as (4), to be closer to DTH

indexes than their constituent elements, (2) and (3) because they make symmetric use of the data.

C. Observations with undue influence
Silver (2002) has shown that while HI indexes such as (2)-(6) explicitly incorporate weights, they are only implicitly incorporated in the OLS or WLS

estimator used for DTH indexes in a manner that may not be fully representative of the weights used. Adverse influence and leverage effects are

shown to be generated by observations with unusual characteristics and above average residuals.

D. Chaining

Chained base HI indexes are preferred to fixed base ones, especially when matched samples degrade rapidly and their use reduces the spread between

Laspeyres and Paasche. However, caution is advised in the use of chained monthly series when prices may oscillate around a trend (i.e. �bounce�) and

as a result, chained indexes can �drift� (Forsyth and Fowler, 1981 and Szulc, 1983).

III. EMPIRICAL STUDY: DESKTOP PCs

The empirical study is of the measurement of quality-adjusted monthly prices of UK desktop PCs in

1998.  The data were monthly scanner data from the bar-code readers of PC retailers.  There were

7,387 observations (models in a month sold in a specialized or non-specialized PC store-type)

representing a sales volume of 1.5 million models worth £1.57 billion pounds over the year.  Table

1 shows that in the January to February price comparison there were 584 matched models available

in both months for the price comparison.  However, for the January to December price comparison

only 161 matched models were available with 509 unmatched �old� models (available in January,

but unmatched in December) and 436 unmatched �new� models (available in December but

unavailable in January for matching).220

The calculation of hedonic indices first require the estimation of hedonic regressions.  To simplify

the illustration only one variable was included, the speed in MHz.  The regressions were for each

month for the HI indexes and over January and the current month, including a dummy variable for

the latter, for the DTH indexes. The estimated coefficients for speed in the hedonic regressions were

statistically significant coefficients with the expected positive signs. 221

The selectivity bias inherent in a matched models Törnqvist index is shown in Table 1 by the fall of

24% which understates the fall of around 50% for the two Törnqvist hedonic indexes which use all

                                                
220 Bear in mind that the indexes estimated in this paper are weighted by shares in sales values and that the fall-off in the
coverage of the matched sample by sales is even more dramatic: for the January to December comparison matched
models made up only 71% of the January sales value and a mere 12% of the December sales value.
221 The F-statistics for the null hypothesis of coefficients being equal to zero averaged 34.2 for HI
indexes and 53.4 for DTH indexes, consistently rejecting the null at a 0.01% level and lower. The
explanatory power of the estimated equations were naturally low for this specification with a single
explanatory variable, especially since they did not include dummy variables on brand. Details of
estimates from a fully specified model are available from the authors.
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of the data.  The particular concern of this paper is that the HI and DTH Törnqvist indexes give

different results: falls of 55% and 50% respectively�a difference of nearly 10%�with no

immediate explanation as to which is better.  Having shown the need for hedonic indices we now

turn to an explanation in Table 2 of the differences between the results from the two methods.

Table 2 column (1) shows the ratio of the two estimates, finding the DTH estimate to consistently

fall at a slower rate.  The early months have very little quality-adjusted price change compared with

January and the difference between the formulas are less amenable to analysis.  However, from later

months it is clear that while the parameter instability ( )0*
1

*
1 ββ −t  in column (2) is an important

driver of the differences between the hedonic indexes, other factors are at work.  For example, in

September and December the differences between the parameters were about the same, yet the

differences between the HI and DTH indexes in column (1) are higher in December than

September.  Furthermore, in October and November the parameter instability falls compared with

September, yet the differences between the indexes increase.  The other factor at work and affecting

the difference, as shown in equation (17), is of course ( )t
rnoTz ,0

1
*
1 &&−−λ  which in column (3) of Table 2

is seen to increase (in absolute values) in October, November and December. This increase explains

that part of the differences in hedonic indexes unexplained by the parameter instability.  The

product of the two terms in column (3) shows an overall increase in October, November and

December and, indeed, the exponent of column (3) equals column (1) by equation (17).

A driver of the substantial fall in ( )t
rnoTz ,0

1
*
1 &&−−λ  can be seem from columns (5) and (6) to be relatively

large increase in t
rnoTz ,0

1 &&− , the average speed of PCs over the two periods compared, an increase from

208 MHz for the January to February comparison to 273 MHz. for the January to December

comparison.  Bear in mind that the indexes were estimated using Törnqvist weights as outlined

following equation (7). The overall sales value weight given to December models compared with

January models increased by ( )[ ]29027073601 .. =−−  29% and the resulting fall in the statistic in

column 9 of Table 2 is at least one of the reasons why the DTH index exceeded the HI index.

Equation (18) and columns (7) to (10) of Table 2 show how *
1λ  can be decomposed, though the

complexity of equation (18) makes it difficult to explain the factors that dictate its change, unless
tt zz ,0

11 =  which is clearly not the case.
IV. CHOICE BETWEEN HEDONIC INDEXES AND TIME DUMMY HEDONIC INDEXES

The question of choice between these approaches has mainly been considered222 from a perspective

of concern over parameter instability. Berndt and Rappaport (2001) found, for example, from 1987

                                                
222 Diewert (2002b) points out that the main advantage of hedonic imputed indexes is that it they are more flexible; i.e.,
changes in tastes between periods can readily be accommodated.  HI indexes are argued to have a disadvantage that two
distinct estimates will be generated and it is somewhat arbitrary how these two estimates are to be averaged to form a
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to 1999 for desktop PCs, the null hypothesis of adjacent-year equality to be rejected in all but one

case. For mobile PCs the null hypothesis of parameter stability was rejected in eight of the 12

adjacent-year comparisons. Berndt and Rappaport (2001) preferred the use of HI indexes if there

was evidence of parameter instability.  Pakes (2003) using quarterly data for hedonic regressions for

desktop PCs over the period 1995 to 1999 rejected just about any hypothesis on the constancy of the

coefficients. He also advocated HI indexes on the grounds that �....since hedonic coefficients vary

across periods it [the DTH index approach] has no theoretical justification.� Pakes (2003: 1593).

However, equation (19) showed how the ratio of DTH and HI indexes was not solely dependent on

parameter instability. It depended on the exponent of the product of two components: the change

over time in the (WLS estimated) hedonic coefficients and the difference in (statistics that relate to)

the (weighted) mean values of the characteristic. Even if parameters were unstable, the difference

between the indexes may still be small due to a minimal change in the other component.

Consider two forms of �spread�. The first arises because the basis of a DTH index is the

constraining of parameters over time to be the same. Constraining the estimated coefficients to

either t*
1β or 0

1
*β  may give quite different results and this difference is the spread. A DTH index

constrains the parameters to be the same, an average of the two. There is a sense in which we have

less confidence in an index based on constraining similar parameters than one based on constraining

two disparate parameters.

But there is a second type of spread and this relates to HI indexes. This is the difference between

base and current period hedonic indexes, between (2) and (3), and arises from the use of a constant
t
iz as against 0

iz . The difference or spread between the indexes is dictated by the choice between

which period�s characteristics are held constant and there is a sense in which we have more

confidence in an index based on an average of 0
iz  and t

iz  that has relatively small spread, than one

based on an average of 0
iz  and t

iz  in which they were very different. There is thus a case to avoid

HI indexes and use DTH indexes when characteristics change. If neither )( t 0
11
∗∗ − ββ  nor

( )t,z 0
Törn11 −

∗ −λ  is particularly large223 relative to the other, then a symmetric average, say geometric

mean, of the two indexes is to be preferred. If both differences are significant, but differ, a more

appropriate estimate might be a weighted mean such as:

( ) ( )
( ) ( )t,t

t,t

zexpexp
DTHzexpHIexp

0
Törn11

0
11

0
Törn11

0
11

−
∗∗∗

−
∗∗∗

−+−
×−+×−

λββ
λββ

(20)

                                                                                                                                                                 
single estimate of price change. Diewert (2002b) further identifies the main advantages of the DTH method are that it
conserves degrees of freedom and is less subject to multicollinearity  problems.
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V. CONCLUSIONS

It is recognised that extensive product differentiation with a high model turnover is an increasing

feature of product markets (Triplett, 1999). The motivation of this paper lay in the failure of the

matched models method to adequately deal with price measurement in this context and the need for

hedonic indexes as the most promising alternative (Schultze and Mackie, 2002). The paper first

developed in section I generalized superlative hedonic indexes, i.e. index number formulas which

are generalized to deal with matched and unmatched models, use hedonic regressions to control for

quality changes and are superlative in that they have a good foundations in economic theory and

axiomatic considerations (Diewert, 2004). The paper second, considered the two main approaches

to hedonic index numbers, HI, and DTH indexes. Their  commonalities in terms of functional form

of aggregator, weighting and periodicity of comparison, makes it difficult to justify one approach

against the other, yet the two approaches can yield quite different results. This is of concern if they

are to be the principle tools for dealing with quality adjustment in price measurement for product

markets with high model turnover. In section II the paper provided a formal exposition of the

factors underlying the difference between the two approaches. It was shown that differences

between the two approaches may arise from both parameter instability and changes in the

characteristics and such differences are compounded when both occur.  It further showed that

similarities between the two approaches resulted if there was little difference in either component.

The empirical study of desktop PCs showed the superiority of hedonic indexes over matched model

indexes, that DTH and HI indexes can differ, and that parameter instability need not be the main

factor dictating such differences.

Consideration of the issue of choice between the two approaches was based in section IV on

minimising two concepts of spread. The analysis led to the advice that (i) Either the DTH or HI

index approach is acceptable if either the parameters are relatively stable or the characteristics do

not change over time, otherwise (ii) DTH indexes be avoided and HI indexes used when there is

evidence of parameter instability, (iii) HI indexes be avoided and DTH indexes used when there is

evidence of changes in quality characteristics of the form given in the last term of (19), and (iv) that

when both characteristics and parameters change substantially, an average, such as (20), of the two

approaches be used.

                                                                                                                                                                 
223 Note that statistical significance tests should not dictate whether a difference is large or small, it is also the
magnitude of the differences that matters.
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Jan de Haan: Virhe. Viitteen lähdettä ei löytynyt.
Abstract: This paper compares a Törnqvist price index in which the �missing prices� are imputed us-
ing hedonic regression with the time dummy hedonic index. The aim is to show that the time dummy
index can be interpreted as a special case of the imputation Törnqvist index when the regression
weights are properly chosen. It is argued that the set of weights proposed in the recent literature over-
states the impact of new and disappearing items. This could be particularly relevant for high-turnover
goods like PCs.

Keywords: consumer price index; hedonic imputation; time dummy index.

Introduction
Silver and Heravi (2004) address the difference between hedonic imputation indexes and time
dummy variable hedonic indexes, which are the two main approaches in the academic literature to
estimating hedonic price indexes. The larger part of their paper relates to the imputation Törnqvist
index and the time dummy index that uses the regression weights proposed by Diewert (2003).
They analyse the factors driving the difference between both approaches and show that differences
may arise from parameter instability and changes in the average characteristics and such differences
are compounded when both occur. Their idea of looking at the time dummy variable model � which
constrains the parameters to be the same across the two periods � as one that suffers from �omitted
variable bias� is particularly interesting.
Silver and Heravi define imputation price indexes as indexes in which all prices are estimated using
an hedonic model. That is, in addition to the imputation of �missing prices� of new or disappearing
items, observed prices are replaced by their predicted values. But throwing away observed prices is
not an attractive idea, certainly not for statistical agencies. This paper therefore focuses on a
(partial) imputation Törnqvist index in which hedonic imputation is restricted to �missing prices�. It
is shown that the time dummy approach can be interpreted as a special case of the partial hedonic
imputation Törnqvist index when the regression weights are properly chosen.
The paper is organized as follows. Section 2 formally defines the partial imputation Törnqvist
index. Section 3 shows that imputing �missing prices� is essentially what a proper time dummy
index does. Section 4 argues that the weights Diewert (2003) has suggested for the unmatched items
in the estimation of the time dummy index are twice as large as they should be, at least if the partial
imputation Törnqvist index serves as the preferred target index. Section 5 addresses some
econometric issues. Section 6 provides empirical evidence using scanner data on personal
computers for the Netherlands. Section 7 concludes.

The partial hedonic imputation Törnqvist index
I start by introducing some notation. Let 0

ip  and 1
ip  denote the price of item i in the base period 0

and the current or comparison period 1, respectively, and let 0
is  and 1

is  denote the corresponding
expenditure shares or relative sales values. Further, let 0S  and 1S  be the sets of models available in
the respective periods. 10 SSSM ∩=  denotes the set of matched items; 0

DS  is the set of
disappearing items (those sold in period 0 but no longer in period 1) and 1

NS  the set of new items



276

(those sold in period 1 but not in period 0). First I will define what I call the full hedonic imputation
(FHI) geometric Laspeyres (GL) and geometric Paasche (GP) indexes. They can be written as
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where t
ip~  denotes the predicted price of i in period t (t= 0,1), estimated with an hedonic model.224

Note that the prices in the expenditure shares are not replaced by their predicted values.
Expressions (1) and (2) are generalized indexes in the sense that they incorporate all unmatched and
matched items (see Diewert, 2003). There are two (related) problems with using those indexes.
First, only in special circumstances will they coincide with the indexes based on observed prices
when there are no unmatched items, depending on the specification of the model and the regression
weights used. Second, statistical agencies may be reluctant to replace observed prices by predicted
values, and to my opinion they are right. I would prefer an approach that only imputes 1~

ip  for
0
DSi ∈  and 0~

ip  for 1
NSi ∈ , leaving all observed prices unchanged, because this minimizes the

impact of econometric modelling. This is what statistical agencies usually mean by imputation
anyway.225 The partial hedonic imputation (PHI) geometric Laspeyres index and geometric Paasche
index are given by
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Taking the geometric average of (3) and (4) leads to the partial hedonic imputation Törnqvist index:
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224 Triplett (2004) refers to this approach as the characteristics price index method since it uses the implicit
characteristics prices (the regression coefficients from the hedonic function) in a conventional index number formula.
Silver and Heravi (2004) call it the hedonic imputation method. This name may be confusing, so I termed it full hedonic
imputation.
225 This idea is not new, of course. Triplett (2004) notes the following on the (partial) hedonic imputation method:
�Where matched model comparisons are possible, they are used. Where they are not possible, a hedonic imputation is
made for the item replacement. Hedonic imputation methods make maximum use of observed data, and minimum use
of imputation, thereby minimizing estimation variance. The hedonic imputation method was employed in the hedonic
computer indexes introduced into the U.S. national accounts in 1985�. Diewert (2003) also suggests matching items
where possible and using hedonic regressions to impute the �missing prices�.
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I prefer PHITP  as the (geometric) target index because it is a generalized superlative index that
restricts hedonic imputation to the �missing prices�.226

Diewert (2003) argues that the residuals from a logarithmic hedonic model are less likely to be
heteroskedastic than those from a linear model. Most empirical studies seem to prefer the
logarithmic specification as well. For period t (t= 0,1) the semi-log (log-linear) model regression
can be expressed as

∑
=

++=
K

k

t
iik

t
k

tt
i zp

1
ln εβα , (6)

where ikz  is the k-th characteristic of item i and t
kβ  the corresponding parameter; the errors t

iε  are
assumed to be independently distributed with expected values of zero and constant variances. Least
squares estimation of (6) on the data from each period separately produces regression coefficients

tα~  and t
kβ~  and predicted prices ∑ =

+= K

k ik
t
k

tt
i zp

1
)~exp(~ βα .227

The time dummy index
The second main approach to estimating hedonic price indexes is the time dummy variable method.
Here the cross section data from period 0 and period 1 are pooled. The semi-log hedonic model
reads
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i zDp

1
ln εβδα , (7)

where t
iD  is a dummy variable that takes on the value of 1 if the observation comes from period 1

and 0 otherwise. The errors t
iε  are now assumed to be similarly and independently distributed in

both periods, which may be rather restrictive. Model (7) assumes that each of the characteristics
parameters is the same across the two time periods compared, i.e. kkk βββ == 10  for k=1,�.,K by
assumption. As (7) controls for changes in the quality characteristics, the exponent of the estimated
time dummy coefficient δ�  directly produces a quality-adjusted measure of price change. The
predicted prices in period 0 and period 1 are denoted ∑ =

+= K

k ikki zp
1

0 )�exp(� βα  and
∑ =

++= K

k ikki zp
1

1 )�exp(� βδα . Note that δ�exp�/� 01 =ii pp  for all i.
We may ask the question under what circumstances δ�exp  can be interpreted as an aggregate price
index, based on a conventional  index number formula. Silver (2003) criticises the use of Ordinary
Least Squares (OLS) to estimate (7). The observations should be weighted according to their
economic importance. Van der Grient and De Haan (2003) present a general decomposition of the
Weighted Least Squares (WLS) time dummy index which I will repeat here and extend for further
analysis. Let 0

iw  and 1
iw  denote the regression weights for 0Si ∈  and 1Si ∈ , respectively. That is,

each observation in period t counts t
iw  times in the regression. Because a constant term is included

in (7), the (weighted) residuals )�/ln(�lnln t
i

t
i

t
i

t
i

t
i ppppu =−=  sum to zero in each period:

∑ ∑∈ ∈
==0 1 0)�/ln()�/ln( 111000

Si Si iiiiii ppwppw . By exponentiating both sums we obtain the
following relation:

                                                
226 See De Haan (2004a) for a double imputation hedonic geometric index in which period 0 and period 1 prices are
imputed for both new and disappearing items (but not for matched items). De Haan (2002) calls the partial imputation
Fisher index a generalized Fisher index.
227 The predictors are not unbiased estimators of the actual prices. Van Dalen and Bode (2004) evaluate the biases in
various hedonic indexes due to the use of a logarithmic hedonic model.
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Substituting δ�exp�/� 01 =ii pp  for MSi ∈  and defining ∑ ∈
=

MSi iM ww 11  leads to a decomposition of
the WLS time dummy index:
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Van der Grient and De Haan (2003) formulate two requirements equation (9) should satisfy. The
first requirement is that the resulting index should be based on observed prices when there are no
new or disappearing items. Quality changes do not occur in that case, although the quality mix may
change because of changes in the quantities sold, and we want the outcome to be independent of the
set of characteristics. The second factor of (9) contains the period 0 residuals of the matched items
and usually differs from unity. Hence, the first requirement will not be met. We therefore impose
the restriction iii www == 10  (independent of time) for MSi ∈ , which assures that the time dummy
index equals the matched-item index Mi

MSi iiM ppP 01 )/(∏∈
= , where ∑ ∈

=
MSi iM ww , when there

are only matched items.228 This yields
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Equation (10) shows an important property of the time dummy index satisfying the above
restriction: it can be viewed as an index where all observed prices, including those of the unmatched
items, are kept and not replaced by their predicted values. This is in line with the partial hedonic
imputation indexes defined in section 2. What I did not realize before was that, by using

δ�exp�/� 01 =ii pp  for 0
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NSi ∈ , equation (10) can be rewritten as
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where ∑ ∈
= 0

00

DSi iD ww  and ∑ ∈
= 1

11

NSi iN ww . Notice that the term between square brackets has the
same structure as PHITP  given by (5). The time dummy index (11) can be rewritten as a weighted
geometric average of the matched-model index MP  defined above and hedonic imputation indexes
for disappearing and new items:
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228 This restriction does not hold if there is no weighting of the observations involved (OLS), unless the number of
observations is constant over time, e.g. under the fixed-size sampling schemes applied by most statistical agencies. Yet
the use of OLS always satisfies the first requirement: it produces the unweighted geometric index when all items are
matched.
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A second requirement is that the resulting index number formula can be defended on theoretical
grounds. This implies that the price relatives must somehow be weighted by expenditure shares.229

The use of OLS is no longer an option unless we are dealing with fixed-size sets of items sampled
proportional to expenditure (De Haan, 2003). The choice of regression weights is explored in
section 4.

Choice of weights
For the matched items we have expenditure shares of both period 0 and period 1. For reasons of
symmetry their unweighted arithmetic average is a natural choice, which also meets the first
requirement. This choice has been suggested by Diewert (2003); the time dummy index would then
equal the superlative Törnqvist index when there are only matched items. Substituting

2/)( 10
iii ssw +=  for MSi ∈  into (11) yields the (pseudo) generalized Törnqvist index
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using 2/)( 10
MMM ssw += , where ∑ ∈

=
MSi iM ss 00  and ∑ ∈

=
MSi iM ss 11  denote the matched items

expenditure shares in period 0 and period 1, respectively.
For the unmatched items the choice of weights is less obvious. I propose to take half the
expenditure shares in the periods they are available, i.e. 2/00

ii sw =  for 0
DSi ∈  and 2/11

ii sw =  for
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NSi ∈ . Substituting those weights into (12) gives
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since now 2/)1( 00
MD sw −=  and 2/)1( 11

MN sw −= , so that 110 =++ NDM www . Expression (13) is
similar to (5). Thus, using the proposed weights, the time dummy index is a special case of the
partial hedonic imputation Törnqvist price index (5) in which the �missing prices� are automatically
imputed according to the time dummy variable model (7). Notice that the regression weights are
identical to the weights used to aggregate the price relatives. De Haan (2004a) also applies (7) in a
hedonic imputation approach and refers to this as an indirect time dummy approach. In the special
case discussed here the direct and indirect approaches coincide. This seems a desirable property.
Diewert (2003), on the other hand, suggests taking the full expenditure shares of the unmatched
items as regression weights. His suggestion has been followed by Silver and Heravi (2004) and also
by Van der Grient and De Haan (2003), Van der Grient (2004), and De Haan (2004b). It is
mentioned in the new CPI manual (ILO, 2004) as well.230 Substituting 00

ii sw =  for 0
DSi ∈  and

11
ii sw =  for 1

NSi ∈  into (12) yields

                                                
229 Various authors, for example Silver and Heravi (2002) and Van Mulligen (2003), have used the quantities sold in the
respective periods as weights in the WLS estimation of time dummy indexes. This procedure violates both requirements
and should be adviced against.
230 See Silver (2003) for a general discussion on the use of weights.
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I find it difficult to justify this choice of weights since expression (14) has no clear interpretation as
a generalized Törnqvist index. The weight of the matched items is understated (because

210 <+ MM ss ) and the weights of new and disappearing items accordingly overstated. The overall
impact also depends on the imputed prices of the unmatched items which will naturally differ using
different weights. However, if the model specification is satisfactory, we may expect this effect to
be relatively small compared to the effect of the �wrong� weights with which the price relatives are
implicitly aggregated.
Now that we have determined the �optimal� regression weights, various expressions or
decompositions of the time dummy index can be derived to provide some further insight. For
example, equation (13) can be rewritten in the form of (11�), yielding
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iiNGP ppP  are the hedonic imputation
geometric Laspeyres index and geometric Paasche index for disappearing items and new items,
where the imputations are based on model (7).
A second and perhaps more convenient decomposition results from substituting the proposed
weights into equation (10). We then obtain
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in which ∑∑ ∈∈
= 11

1111 /
NN Si iSi iiN susu  and ∑∑ ∈∈

= 00
0000 /

DD Si iSi iiD susu  denote the expenditure share
weighted average residuals of new and disappearing items. Under perfect competition the so-called
law of one quality-adjusted price predicts that there are no items whose prices are relatively high or
low given their characteristics: there should be no �unusual� prices. In this case 0

Du  and 1
Nu  in (16)

approximate zero so that the time dummy index will be approximately equal to the matched-item
index ∏∈

++

M

MMii

Si
ssss

ii pp )/()(01 )/( . But under imperfect competition there are economic reasons to
expect that such unusual prices exist (Silver and Heravi, 2002; Triplett, 2004).

Econometric considerations
Because the time dummy index (13) is a special case of the broader class of (partial) imputation
Törnqvist indexes, one could argue that it would be better to estimate the �missing prices� explicitly,
based on econometric arguments, rather than implicitly as the time dummy index does. From an
econometric point of view there are again the issues of pooling data and weighting. Pooling data is
of course not necessary for an imputation approach. The assumption of constant parameters is rather
stringent, and estimating (log-linear) hedonic models from data of each period separately would in
principle be best. Indeed, this has been suggested in section 2 and it is also what Silver and Heravi
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(2004) do in the estimation of the full hedonic imputation indexes. But pooling data has two
advantages. First, there is an expected gain in efficiency by saving degrees of freedom, which can
be particularly helpful when the sample size is relatively small. Second, it makes the estimation of
period 0 prices possible for new items having characteristics that did not exist at that time.
Moreover, although the underlying assumption is restrictive in theory, many if not most empirical
studies find the parameters to be fairly stable in the short run.
Let us compare the proposed time dummy index with the partial hedonic imputation Törnqvist
index estimated on data from each period separately. Dividing (13) by (5) and substituting the
expressions for the unmatched items� predicted prices gives
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N NSi Si iikiNk szsz  denote the expenditure-
weighted average characteristics of disappearing and new items. If the assumption of constant
characteristics parameters (approximately) holds, we expect to find 10 ~~�

kkk βββ ≈≈ . For simplicity I
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Expression (18) does not seem helpful at first sight because the time dummy index δexp)( =HTDP
appears on the right-hand side. However, it underlines the fact that, from an imputation point of
view, δ  in (7) is viewed as a common shift parameter needed to justify the pooling of data from
two data sets, pertaining to two periods, under the assumptions of constant characteristics
parameters and independently and identically distributed errors. Stated otherwise, under these
assumptions δ�  is merely an estimator of 01 αα −  and )(HTDP  is unlikely to differ much from PHITP ,
provided that 01

MM ss ≈ . )(HTDP  is the more efficient estimator due to the pooling of data but it will
be somewhat biased when the parameters are not constant over time.231

The choice of weights has to do with representativity. The chosen weights � or any other set of
weights for that matter � may not be optimal from an econometric point of view. Econometrics
textbooks recommend the use of WLS to reduce the variance of the coefficients if there is evidence
of heteroskedasticity. On the other hand, if the errors are homoskedastic (as assumed), OLS is
preferred in general and WLS could introduce some loss in efficiency.232 That would partly
counteract the efficiency gain resulting from the pooling of data. The problem is of course that by
using OLS to estimate model (7) on the pooled data we are �running around in circles� because the
similarity between the (direct) time dummy approach and the imputation Törnqvist index (the
�indirect� time dummy approach) no longer holds. To avoid interpretation problems, the proposed
                                                
231 From a statistical point of view the mean square error (i.e. the sum of the variance and the squared bias) would be the
natural criterion to choose between alternative estimators. Hence even if the parameters were slightly changing over
time, the time dummy index could be the �best� index.
232 If the weights are exogenous, least squares estimators remain unbiased. The weights are not truly exogenous since
they contain the dependent variable (price) of the model, which makes them stochastic variables. This could introduce
some bias in the WLS estimators.
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time dummy index might well be the only serious option if one wishes to pool cross-section data to
estimate a quality-adjusted price index using a logarithmic hedonic model.
The time dummy index essentially imputes �missing prices�. As with any imputation method, we
have to act as if the data had been generated by the underlying model. In this particular case it is
assumed that the (log of) prices are generated according to model (7). One issue I mentioned earlier
(De Haan, 2003, 2004a; Van der Grient and De Haan, 2003) keeps bothering me. Suppose we find
empirically that the weighted average residuals of the unmatched items in expression (16) differ
substantially from zero. If the number of unmatched items is sufficiently large, this could be taken
as evidence of systematic patterns in the unmatched items� residuals. This suggests that the
assumption of a zero expected value of the errors is violated, so that estimating (7) by least squares
regression produces biased parameter estimators. Isn�t there an inconsistency in assuming that the
(log of) prices are generated according to model (7) and at the same time finding that the observed
(log of) prices of the unmatched items differ systematically from their model-based predictions? De
Haan (2003) has argued that the direct time dummy approach cannot cope with such systematic
price effects and suggested to incorporate dummy variables for the unmatched items. But that is
beyond the scope of this paper.

Empirical illustration: PCs
The effect of the use of the �wrong� regression weights on the time dummy index is an empirical
matter. This section presents empirical evidence for PCs using scanner data from market research
company GfK. The monthly data on prices (unit values), quantities sold and product characteristics
cover the entire Dutch consumer market during 1999-2001. A comprehensive data description can
be found in Van der Grient (2004).
Individual PC models are usually identified by model numbers or, as in our case, by bar codes
assigned by the manufacturers. A specific model sold in different outlets does not necessarily yield
the same utility to the consumer. PCs having identical bar codes but sold in different types of
outlets are therefore treated as different items. Six outlet types are distinguished in the data set, e.g.
chains, buying combinations, independents, and specialized stores. The latter are responsible for the
greater part of PC sales. The market for PCs is an extremely dynamic one. On average only two
thirds of the items are matched between adjacent months. Because the best selling items have a
relatively long �lifetime�, the average monthly expenditure share of the matched items is somewhat
higher and amounts to 0.8. To give an example: only 5% of the items stay on the market for more
than a year, but they account for 30% of total turnover.
New PC models often have new features, e.g. a �faster� processor. The time dummy index deals
with this by estimating and imputing base period prices for such models. This poses theoretical
problems, however, if the new technology was not available in the base period. This will be
particularly problematic when the base period and the current period are far apart. Apart from that,
it seems undesirable to maintain the assumption of constant parameters for a long time span in
highly dynamic markets. High-frequency chaining is inevitable here. So unlike Silver and Heravi
(2004), who compute direct indexes, I will estimate monthly chained indexes. This may not be
without problems either because PC sales clearly exhibit a seasonal pattern.233 As is well known,
seasonality might create drift in monthly-chained indexes.

                                                
233 This is true at the aggregate level. However, it is a bit difficult to speak of seasonality at the item level since 95% of
the items are available on the market for less than a year.
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The semi-log time dummy model includes dummy variables for both brand and type of outlet. See
De Haan (2004b) for some (OLS) regression results. Most coefficients differ significantly from zero
at the 5%-level and their signs are in accordance with a priori expectations. No evidence of
heteroskedasticity was found. The adjusted 2R  does not exceed 0.71, which is a bit disappointing.
This may be due to the fact that only a limited number of technical or performance characteristics
are included in the data set. Unobserved but relevant characteristics could give rise to omitted
variables bias. The model includes three continuous performance characteristics: processor speed in
MHz, storage capacity of the hard disk in MB and memory capacity in MB. In addition there are
three qualitative characteristics (apart from brand and type of outlet): type of processor, the
presence of a monitor and the availability of a USB port.
Figure 1 depicts four series of monthly-chained price indexes. Two series pertain to WLS time
dummy hedonic indexes, one estimated with the proposed weights and another with the weights
suggested by Diewert (2003). The remaining two series are added for comparison and pertain to the
OLS time dummy index and the matched-item Törnqvist index )(01 )/( iMiM

MSi iiMT ppP
∈∏= ,

where t
iMs  is the share of i in the period t expenditures of the matched-items. All indexes have

similar trends and point towards large declines in quality-adjusted PC prices, as expected. The time
dummy price index estimated with the �wrong� weights falls at a faster rate than the proposed time
dummy index, although the difference is very small compared to the huge price decrease itself. In
January 2002 the index numbers are 31.84 and 34.57. This result indicates that new and
disappearing items had a combined downward effect on the quality-adjusted index.
The use of the matched-item Törnqvist index would have led to an annual average upward bias of
1.5%-points during the three-year period. Surprisingly, the OLS time dummy index, despite being
an unweighted index, performs quite well.
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Figure 1. Monthly
chained price indexes for PCs (January 1999= 100)

Conclusion
Using a simple framework this paper argues that the time dummy hedonic index can be interpreted
as a special case of the hedonic imputation Törnqvist price index if the regression weights are
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properly chosen. The weights for the unmatched (new and disappearing) items suggested in the
recent literature on hedonics are twice as large as they should be if the aim is to estimate a
generalized Törnqvist index. The choice of weights most likely affects the index for high-turnover
goods like computers. An empirical illustration on scanner data for the Netherlands indicated that
the use of the �wrong� weights would have underestimated the monthly chained time dummy index
for PCs during 1999 � 2001 by some 2.7 index points.

References
Dalen, J. van, and B. Bode, 2004, Estimation Biases in Quality-Adjusted Hedonic Price Indices, Paper

presented at the SSHRC International Conference on Index Number Theory and the Measurement of
Prices and Productivity, Vancouver, June 30 � July 3, 2004.

Diewert, W.E., 2003, Hedonic Regressions: A Review of Some Unresolved Issues, Proceedings of the
Seventh Meeting of the International Working Group on Price Indices, (ed. Th. Lacroix), pp. 71-109.
Paris: INSEE.

Grient, H.A. van der, 2004, Scanner Data on Durable Goods: Market Dynamics and Hedonic Time Dummy
Indexes, Discussion paper no. 04011, Statistics Netherlands, Voorburg.

Grient, H.A. van der, and J. de Haan, 2003, An Almost Ideal Hedonic Price Index for Televisions,
Proceedings of the Seventh Meeting of the International Working Group on Price Indices, (ed. Th.
Lacroix), pp. 111-121. Paris: INSEE.

Haan, J. de, 2002, Generalised Fisher Price Indexes and the Use of Scanner Data in the CPI, Journal of
Official Statistics, 18, vol. 1, 61-85.

Haan, J. de, 2004a, Direct and Indirect Time Dummy Approaches to Hedonic Price Measurement, Journal of
Economic and Social Measurement (forthcoming).

Haan, J. de, 2004b, Estimating Quality-Adjusted Unit Value Indexes: Evidence from Scanner Data, Paper
presented at the SSHRC International Conference on Index Number Theory and the Measurement of
Prices and Productivity, Vancouver, June 30 � July 3, 2004.

International Labour Office (ILO), 2004, Consumer Price Index Manual; Theory and Practice. Geneva: ILO
Publications.

Mulligen, P.H. van, 2003, Quality Aspects in Price Indices and International Comparisons: Applications of
the Hedonic Method, Ph.D. Dissertation, University of Groningen. Voorburg: Statistics Netherlands.

Silver, M., 2003, The Use of Weights in Hedonic Regressions: The Measurement of Quality-Adjusted Price
Changes, Proceedings of the Seventh Meeting of the International Working Group on Price Indices,
(ed. Th. Lacroix), pp. 135-147. Paris: INSEE.

Silver, M. and S. Heravi, 2002, Why the CPI Matched Models Method May Fail Us: Results from an
Hedonic and Matched Experiment Using Scanner Data, European Central Bank (ECB) Working
Paper No. 144, ECB, Frankfurt.

Silver, M. and S. Heravi, 2004, The Difference between Hedonic Imputation Indexes and Time Dummy
Hedonic Indexes for Desktop PCs, Paper presented at the CRIW Conference on Price Index Concepts
and Measurement, Vancouver, June 28-29, 2004.

Triplett, J.E., 2004, Handbook on Hedonic Indexes and Quality Adjustments in Price Indexes: Special
Application to Information Technology Products. Paris: OECD. Available at
www.brook.edu/views/papers/triplett/200407_book.htm.



285



286

Table 1, Number of matched and unmatched models and matched models and hedonic indexes

Numbe
r of
matche
d
models

Number of
unmatched
old models
in January
of the
compariso
n

Number of
unmatched
new models
in the
current
month of
the
comparison

Matched
models

Törnqvis
t index

HI
Törnqvis

t

index

DTH
Törnqvis

t

index

Figures are for comparisons

between January and each current

month

Fixed base, January 1998=1.000

February
584 86 104 0.945 0.939 0.939

March
577 93 181 0.887 0.877 0.877

April
346 324 191 0.825 0.802 0.802

May
315 355 227 0.767 0.738 0.737

June
297 373 265 0.736 0.656 0.658

July
282 388 301 0.765 0.618 0.623

August
276 394 351 0.769 0.616 0.626

Septemb

er
247 423 382 0.777 0.599 0.629

October
193 477 402 0.772 0.518 0.551

Novemb

er
164 506 435 0.765 0.458 0.495

Decemb

er
161 509 436 0.764 0.452 0.496
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Table 2, Decomposition of differences between HI and Törnqvist indexes for desktop PCs, January

1998=1.000*
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Fixed base, January

1998=1.000

February 0.9999
99 -0.00042 0.00292

-
0.0000012

208.05
86

208.06
16 -0.15937 1193.948 0.997

March
1.0000

01

-
0.000002

1 -0.05901 0.0000013
211.04

63
210.98

73 0.961408 1323.364 0.9828
April 1.0001

21 0.000588 0.20158 0.0001186
219.35

99
219.56

15 7.047697 1952.174 0.99332
May 0.9987

21 0.00069 -1.86554
-

0.0012871
225.01

11
223.14

56 11.53865 2911.7 0.95714
June 1.0025

05 -0.00033 -7.59551 0.0025079
231.03

68
223.44

13 16.03635 4207.419 0.87911
July 1.0082

29 -0.00078
-

10.56785 0.0082167
236.52

26
225.95

48 18.31796 4804.071 0.83007
August 1.0154

99 -0.00081
-

19.01683 0.0154110
244.47

79
225.46

11 23.22285 6481.596 0.79600
Septemb

er 1.0502
95 -0.00172

-
28.49892 0.0491427

250.86
53

222.36
64 26.35361 8272.112 0.75408

October 1.0637
65 -0.00154

-
40.14595 0.0619327

262.90
21

222.75
62 34.28005 10189.09 0.73220

Novemb

er 1.0798
82 -0.00166

-
46.48257 0.0770125

269.59
05

223.10
79 37.8419 11185.42 0.71721

Decemb

er 1.0977
09 -0.00177

-
52.66507 0.0933989

273.43
74

220.77
23 39.68194 12243.07 0.7073

•  All statistics are weighted using the weights commensurate with a Törnqvist index as outlined in
the text following equation (7).

�        The expression )s(
t(Si

t,
i∑

∈

− 02  replaces )( tNN −  in (17) since the statistics are weighted. The

difference is that between the sum of the shares over the two periods, i.e. 2,

  and the sum of that share arising from observations in period t . With new models taking on an
increased share of sales the statistic falls.

Figure 1
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Kari Manninen: The Effects of Quality Adjustment Methods on Price
Indices for Digital Cameras

Abstract

In this paper we test different hedonic and conventional quality adjustment methods in an uniform,
but somewhat unconventional, descriptive framework. The main aim is to address questions on
hedonic quality adjustment methods and their robustness in index compilation and to give an
empirical example with digital camera prices. We will show how conventional quality adjusting
methods may be treated parallel with hedonic ones and how these methods may be evaluated
similarly with regression based methods. Contrary to structural models that many hedonic quality
adjusted price indices are based on, the hedonic models in this paper are all used as forecast models
which, we believe, add to the robustness and practical utility of hedonics as a tool for statistical
agencies using quality adjustment.

The empirical part of the paper is based on findings from a quarterly digital camera database
including some 1,200 prices from over 250 different digital camera models over the years 1998 to
2002. The main findings indicate that, in an aggregate context, such as price index, relatively simple
hedonic models may be sufficient for accurate quality controlling even in high technology products.
Further, if compared with a matched model framework, the collection of characteristics data for
hedonics may not need to exceed the precision already needed in the matched model. This suggests
that it may be feasible to use hedonic indices even in high frequency index compilation. To validate
this, we claim that additional cross sectional explanatory power from a set of added quality
characteristics in hedonic models have only marginal longitudinal effects in the index series.



290

Contents :

ABSTRACT ............................................................................................................................................... 289
I INTRODUCTION .................................................................................................................................... 291
II METHODS TO BE TESTED .................................................................................................................... 291
III ADVANTAGES AND DISADVANTAGES OF THE METHODS ................................................................... 296
IV DESCRIPTION OF THE DATA SET ....................................................................................................... 298
V RESULTS .............................................................................................................................................. 301
VI CONCLUSIONS.................................................................................................................................... 308
APPENDIX 1. DECOMPOSITION OF HEDONIC GEOMETRIC INDICES ........................................................... 311
APPENDIX 2. AVERAGE PRICES AND THE CLASSIFICATION METHOD ....................................................... 314
APPENDIX 3. SOME REGRESSION RESULTS .............................................................................................. 316
APPENDIX 4. MODEL 3 AND 4 COEFFICIENTS.......................................................................................... 317



291

I Introduction

Constructing quality adjusted price indices for high technology goods have been discussed for
years. In this article we take part in the discussion and use digital cameras as an example.

There is a sound mutual understanding among the academia and statistical agencies that, in volume
and piece measures, changes in quality of goods and services have to be accounted for. Various
regression based methods, or hedonic methods, have been developed and used in a variety of ways
to control for quality in index number calculations. Even though theoretical foundations for use of
different methods have been made, most notably Fixler and Zieschang (1992), Feenstra (1995), and
Diewert (2001), the spectrum of methods still blurs the answer whether the results are a figment of
the technique that is used. Especially with high frequency indices such as the CPIs and PPIs, the
theoretical justifications are hard to make use operationally. This paper tests the sensitivity of
indices for digital cameras to the choice of these techniques. The main finding is that all reasonable
methods give approximately the same answer.

In the second section we introduce, within a unified estimation approach, six seemingly different
methods; grand unit-value, class unit-value, matched model, time dummy pooled regression, time
dummy 2-period regression, and full hedonic regression. We compare the results of applying these
methods to the digital camera data. Somewhat similar comparative studies for different data sets
have been made at least by Silver (1999), Moulton et al. (1999), Kokoski et al. (1999) and, Silver et.
Heravi (2000). These studies mainly focus on differences between matched model and hedonic
methods. Few studies are made on differences that result from applying different hedonic methods.

Next, we discuss the advantages and shortcomings of each method. We discuss the implicit
assumptions each method imposes and weight how justified these assumptions may be.

In section four we lay out the data for digital cameras and discuss the sample frame and some
reservations. In section five present the results for the six different methods introduced earlier. The
presentation is the resulting quality adjusted price indices.

Finally, we give conclusions and propose some additional topics to be investigated.

The aim of this exercise is twofold. First, we want to assess the effect of quality adjustment on the
price index and to show how the model specification affects the quality adjustment and the index.
Second, we want to study the implied accuracy and robustness of the hedonic index and compare
the indices based on different types of models.

All indices are treated as changes between two consecutive periods. The index strategy is to chain
the index over the periods. In some cases, an equivalent fixed base period index would be identical
and hence give exactly the same results.

II Methods to be tested
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Our approach is strictly descriptive and does not make any assumptions about market behavior
while allowing all possible market interactions to be reduced into a joint distribution of all quality
characteristics. We show how this same theoretical base may be used for apparently different
quality correction methods.

A) Set-up
Without formal set-up we state that there is a time dependent joint distribution of price and quality
characters of all goods considered. In this case we restrict ourselves to various digital camera
models that are on the market at each period. A wider treatment of cross dependencies with other
goods and services has been left out. Among other things, the unknown distribution fully describes
the relation between the price of and all characters that influence the price. Unfortunately we can
measure only a fraction of the characters and we have to leave most factors describing the camera
markets out. Surely color, brad, appearance, production technology, market competition, regional
differences, second hand markets, etc. affect the asking prices and transaction prices. These are,
however, all included in the very complex multidimensional distribution.

We are interested in a particular conditional marginal distribution, or more precisely its� first central
moment. This is the expected value of price conditioned on measurable quality characters x at
certain time period. The conditioning has first been done over all other characters and we are left
with a price function distribution. Next, we want to condition this on measurable characters and
have the price as a function of these characters.

We describe the price function behind all types of indices simply by234

( ) ( )(1) ( ) , ,t th P x t g x ε= +

where the transformation function h is not generally known235. Because of nice properties of
symmetry, summation over time, congruence with geometric means, and interpretation, we use
natural logarithm as the transformation function for price in all hedonic regression models. Hence
we base the price changes on log-changes. To simplify the notation we denote pP =log . Empirical
evidence also supports this choice at least in some cases, such as digital cameras here236. Now, we
are interested in the systematic part of (1), i.e. the conditional expectation

( ) ( ) ( )(2) ln , , .tE P x t E p x t g x= =

The function g gives the mean log-price for each combination of quality variables. At this point,
nothing is assumed on the time specific functions gt or the independent variables in x. Individual
transformation functions (that may differ from identity or logarithm function) of measurable quality
characteristics are applied to end up with vectors ( )t

Ki
t
i

t
i xxx ,,,1 1 K=  for each observation, each

period. The K characteristics are treated as �measured in transformed form� and the question of
model specification is not discussed further237. One should note that this representation still allows
us to use flexible functional forms such as translog and quadratic models238. In all models, we
assume the estimated function to be linear with respect to the parameters of the transformed original
quality variables. Now, let function ft be simply an estimate of the unknown relation gt:
                                                
234 One could also argue, as usually is done, that the real relation is an inverse of m which we transform this one just for sake
of ease of estimation.
235 This approach of estimated function follows Vartia and Koskimäki (2001).
236 See e.g.  Diewert (2002) and a summary treatment in Triplett (2002) or IMF (2002).
237 For functional forms and economic approach to hedonic indices, see Rosen (1974), Diewert (2001) and  Triplett (2002).
Here the question of model selection and functional form is not discussed further.
238 See Diewert (2001).
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( ) ( )(3) ( ) log ,t tf x est g x est E P x t  ≡ =    .

For our purposes we always use the following linear (with respect to parameters) functional form:

�(4) ( ) ' ,t tf x xβ=

where the (K+1) β�vector includes a constant term.

For the purposes of this study the estimation method used does not have to be OLS as long as it
forces the sum of residuals to zero at each period239. Regardless of the estimation, we denote

( )11'�� 1
−− ==−

t
i

tt
i

tt
x xfxp t

i
β  as period t estimated price for period t-1 observation i, and similarly

( )1 1 1�� 't
j

t t t t t
j jxp x f xβ− − −= =  as period t-1 estimated price for observation j in period t. Also, we denote

the estimated log-price change as p&  for both i
t
i

t
x ppp t &=− −

−
1

1�  and i
t
x

t
i ppp t &=− −1� . Alternatively, we

could have used estimated prices on both periods240.

We define the logarithmic hedonic price indices as weighted geometric means of estimated log-
price changes of either base or reference period observations. The estimated log-prices are derived
either using the reference period hedonic model for base period observations or base period model
for the reference period observations. We have chosen to include also the weights in the table 1
below, although in the empirical part we will only use equally weighted means. The equally
weighted geometric mean is also called Jevons index. We call these weighted indices hedonic log-
Laspeyres (1) and log-Palgrave (2) respectively. By taking geometric mean of the two indices, we
get the formula for hedonic Törnqvist index241. Other index number formulas based on log changes,
such as Sato-Vartia or Walsh formulas are not investigated in this study.

Table 1 Hedonic logarithmic indices
Index Formula Weight Estimated price
Log-Laspeyres (1) ( )1

1
1 1

1 1
�log

t

t
i

Nt t t t
t i ixi

P w p p
−

−
− −

− =
= −∑ Period t-1 Period t using period

t-1 observations

Log-Palgrave (2) ( )1
1 1

�log
t

t
i

Nt t t t
t i i xi

P w p p −
− =

= −∑ Period t Period t-1 using
period  t observations

�Törnqvist�
1 exp(1) exp(2)t

tP− = × Both Both

B) Decomposition of hedonic price index

This section provides an illustrative way of showing the quantitative effect of hedonic quality
adjustment with geometric indices. The proof of formula (X) is given in appendix 2 which also

                                                
239 An example of trivial zero sum residual �estimation� of g is a relation f  that gives the observed value for each
observation i.
240 De Haan (2003) proposes the use of what he calls double imputation.
241 It is rather straightforward to show that the index refers to the Törnqvist formula only if the price relatives in (1) and (2)
refer to the same (number of) observations. This is not true in the digital camera data. One cannot directly compute the true
Törnqvist index without having the weights for each observation on both periods.
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discusses the implications with patched model index. Some of these decompositions are presented
in section seven together with regression results from the data.

It can be show that, regardless of the type of the hedonic model, hedonic log-Laspeyres index can
be presented as

( )( )
( )( )

( )( ) ( )

1
1 1

1 1

1
1

1 1 1 1
1

�(15) ( ) exp

( ) �exp ' exp cov ,
( )

( ) � � �exp ' exp cov , ' ' exp cov , .
( )

tNt t t t
t i i ii

t
t t t

t

t
t t t t t t t

t

P La w p p

G P wx x p
wG P

G P w wx x x e
w wG P

β

β β β

−
− −

− =

−
−

− − − −
−

 = −  
  = × − ×   

  
      = × − × − × −            

∑

&

This decomposition, though slightly differently, was first presented in Koev and Suopera242. It says
that the quality adjusted log-Laspeyres index may be presented as a product of relative of geometric
average prices at two periods, a separable quality correction term that depends on change in average
quality, and a sample covariance term between mean adjusted weights and estimated pure log-price
change. The last row of (5) breaks the covariance term into two parts; one that shows the effect of
model differences at two periods and a term between the adjusted weight and period t-1 estimation
error. In case of a time indicator model, the first correlation term is zero, because the two models
are same. If we used double imputation, also the second part of the covariance term would
disappear. Then the hedonic log-Laspeyres index would be simply

( )
( ) ( )( )ttt

t

t
t

t xx
PG
PGLaP −×= −

−−
1

11 '�exp)( β .

Also, in case of a time indicator model the coefficient estimate of β is not time specific and hedonic
log-Laspeyres and hedonic Törnqvist indices are identical in formula. As said, the quality correction
term may be separated into effects of each quality character and each effect may be presented
separately:

( ) ( ) ( )1 1 1
1 1 1

� � �(17) ' .t t t t t t
K K Kx x x x x xβ β β− − −− = − + + −K

What is important here is that we can compare the quality correction factors of different model
types to be introduced below. Hence, when comparing different quality adjustment methods we
could, instead of the actual indices, compare the overall quality correction factors. If the factors are
found to be sensitive to the choice of method (or regression model), the most accurate method
should be used. The good new would be that, if the quality correction factor is fairly robust to the
choice of method, index compiling agency may choose the method that can most easily be
implemented in practice. Further, it is easy to see that with equally weighted indices, as elementary
aggregate indices usually are, only changes in average quality matter.243

C) Methods

We separate six different types of hedonic models based on the model specification. Regardless of
the model type, indices may always be calculated using the above formulas even if it may not be the
                                                
242 Koev and Suoperä (2002).
243 This decomposition may of course be extended to any log-based index formula and also mixed methods, such as
patched model (see Pakes (2002). However, these are not discussed further in this study.
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most efficient way. The different methods we are going to apply in the later sections are the
following.

I) Grand unit-value
Quality adjustment is ignored and price index is simply the geometric average of price relatives.
The model does not depend on the quality characters and reduces to a constant, but may still be
estimated as a regression model:

(5) ( ) .t tf x a=

The quality correction factor is simply 1.

II) Class unit-value
In this case some quality differences are taken into account. Class unit-value method is analogous to
grouping the goods into subgroups and following the class averages. Using regression model we
write

1 1 2 2(6) ( )t t t t t t t t
C C c cf x a b D b D b D a b a= + + + + = + =L

where t
cD  is a binary indicator variable for qualities in class c. The function f returns the mean price

t
ca  in class c. The quality correction factor depends on chances in the distribution of observations

into different classes. This can be seen from (x), where the change in average quality ( )tt xx −−1  is
now calculated from dummy variables representing the classes.

III) Matched model
As its name suggest, matched model follows the prices of same goods. This can be presented in
terms of estimation function f returning the observed price for each period t. A possible notation of
this is

( )(7) ( ) .t t t
i if x p j p x x= ∀ ∈ =

The quality correction factor is again just one, since there is no quality changes. It can be shown
that for a patched model the quality correction factor is otherwise identical but also depends on the
share of missing/new items and average estimation error between matched and unmatched
observations.

IV) Time dummy pooled hedonic regression
This is the first �real� hedonic model and maybe the most widely used hedonic specification.
Quality characters are assumed to affect price similarly across time and the level transitions in time
account for price chances. Using the first period as a reference the model may be written as

2 3
1 2 1(8) ( ) ' ' ' .t T t

T tf x a b x D D D a b x a b xβ β β β−= + + + + + = + + = +L

The quality correction for all �real� hedonic methods is given by (5).

V) Time dummy 2-period hedonic regression
The 2-period hedonic regression method is basically the same as the previous. The first difference is
that instead of using all periods in the estimation, we now relax the temporary restrictions on the
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quality coefficients over longer time period. Another difference is, although rarely considered, that
we may change the quality characters included in the regression as well.

VI) Full hedonic imputation
This method lets the price-quality -relation to change freely from period to period. Leaving aside
the matched model, all other methods are special cases of full hedonic imputation. The model is
simply the same as in (4):

(9) ( ) ' .t t tf x a b x= +

These are the methods, or model specifications that we are going to apply to the digital camera data.
We expect that rapidly evolving product space and rapid technological change in quality would
prove some of the methods clearly unsatisfactory and some clearly better. Before doing this we
shortly discuss some general pros and cons of each method.

III Advantages and Disadvantages of the Methods

All six methods may be practical is some cases and some are clearly not. Some methods clearly
depend on more information that has to collected.

I Grand unit-value
The grand unit-value index is a good method for homogenous items and it is used as elementary
indices in some CPIs and PPIs. Especially, if the goods are truly homogenous and prices volatile the
unit-value method may be appropriate. It escapes the difficulty of pricing point in time. However, in
elementary aggregate case, the quality is more often controlled by the matched model approach,
which would of course give the same result when calculated as a geometric mean.

II) Class unit-value
The Class unit-value method uses only categorical variables. In essence, by grouping the
observations into subgroups we eliminate the quality differences between these subgroups, just as in
analysis of variance. The quality adjusted price index may be constructed directly from class means
implied by the classification (and cross classification).

III) Matched model
The matched model is more of an approach than a quality adjustment method. It is safe to same that
majority of national CPIs and PPIs are based on the matched model way of thinking. The quality
adjustment is seen as a separate problem only when we are missing the match. The advantage of
collecting prices of same finely defined products from same stores are obvious. We can
simultaneously control for some immeasurable quality characters without explicitly stating them.

The major drawback of the matched model approach is that the sample may become
unrepresentative if not updated frequently enough. It incurs a sample selection bias. Matched model
fails to account for new models that are introduced, as well as the old ones for which no matches
can be found. If we don�t just ignore the non-matches, some quality adjustment method is still
needed.
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Statistical agencies usually collect replacement items if the initial specification of a good are not
found in consecutive periods. Then  regression, or hedonic, methods are use to adjust the price of
this new (or the missing) item.

IV) Time dummy pooled hedonic regression
This is the �classical� use of regression analysis with price indices and is what people often think
when they perceive hedonics.

There are clearly some good properties that make time dummy models useful. First, the calculation
is fairly simple and the index may also be constructed solely based on the estimated time indicator
coefficients. Especially in research type studies that examine historical data, compared to updating
an index series form time to time,  Secondly, as Tripplett (2002) proposes, the regression coefficient
in the reduced regression models are often relatively stable and time indicator models work fairly
well.

However, there are drawbacks as well. One should always confirm that the coefficients indeed are
stable. With high frequency indices and rapidly evolving commodity population sudden changes
may go unnoticed.

The time indicator model does not have to be Using the formulas in table 1 including the weights,
we can derive a �Törnqvist� index for time indicator model as well. It is needless to say that the
resulting index is identical to log-Laspeyres and log-Palgrave indices.

V) Time dummy 2-period hedonic regression
Now instead of estimating just one regression model for 20 period data we estimate 19 models. The
index could also be deduced directly from the time dummy indicators.

Time dummy pooled and 2-period pooled regression. The quality adjusted price index may be
constructed directly from the estimates of time coefficients and, as mentioned before, the quality
variables may be binary or continuous.

VI) Full hedonic imputation
We argue that this should be the basic starting point for all hedonic price index studies. From the
standpoint of the resulting index all previous methods are special cases or simplifications of full
hedonic imputation method. This, of course requires that the weight data is either derived from
elsewhere or the data used for the regression model does not use e.g. permutations of �same items�.

In addition to these basic methods, one may want to use combinations of them. E.g. it may not be
feasible to estimate the whole regression separately each period because data restrictions. However,
it may be imperative to let the coefficients of some central. An example in the digital camera
context could be that the coefficient for picture accuracy (measured in megapixels) changes in time
while the effect of brand stays constant in medium term. In the framework above this may be done
simply by defining the estimation function accordingly. Although this was tried, the results are not
reported in this article since no remarkable differences were observed. All methods give reasonable
results if the assumptions are sufficiently fulfilled.

Hedonic methods that are used as structural models to �correct� the observed price for changes in
some quality characters do not easily fall into any of these categories. However, it may also be
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written in terms of the above estimation function f  so that for observation i it returns the observed
price plus quality correction

( )t
i

t
i

t
i

t xxbpxf −+= ')( .

A variation of this method and used with missing observations is patched model (See Pakes, 2002),
that avoid the dangers of structural correction. Patched model uses imputation for those
observations that are missing, or where the quality has changed, for the period in question and
matching prices for observations that can be found in both periods244.

We don�t want to promote the use of hedonics as in (12) and assign interpretations for the
regression coefficients. We started from the complex joint distribution of all measurable and
immeasurable characters and come down to, at best a simplified, set of characters and a reduced
form of expectation. By this time, we cannot really claim that the individual coefficients themselves
represent, if we may borrow from economic jargon, �shadow prices� without any knowledge of the
true distribution. The price forecast, on the other hand, is just as good as the reduced form
regression model.

IV Description of the Data Set

The quarterly price data were recorded from various sources, mainly from issues of Journal of
Popular Photography on microfilm. For two last quarters of 2002, the price data were collected
from the internet at www.pricescan.com. The model specific quality characteristics were compiled
mainly from the website dpreviw.com.

Total of over 1300 prices of 288 different digital camera models were collected. Some of these
prices were averaged over advertising retailers at the time of entry. Although the share of these
multiple observations was not recorded, it accounts for approximately 10 to 15 per cent of the total
sample. Regardless of the number of observations used for each recorded model price quote, they
are treated as single observations.

I) The sample design
It was not feasible to use random sampling in the study because of scarce data sources. For the early
years, all possible models with a price quote in the Journal were recorded. When the price collection
was changed to internet, generally the lowest price was recorded and almost all available makes and
models were included. There were no effort to follow same models, and market entries and exits
occurred when new models were first advertised or they were no longer available. In other words,
the sample was not designed to mimic any typical statistical agency approach.

After the data collection, we decided to exclude SLR245 type digital cameras and also restrict the
time sample to the years 1999 through 2002. The SLR-type digital cameras are used by
professionals and they are much more expensive and have partly different properties and
characteristics. The data from years 1996 and 1997 proved to be too limited.

The quality characteristics may have some variation between retailers. However, just one reference
attribute is used throughout the lifespan of a model over all retailers. These differences could not be

                                                
244 The term Patched model was used by Pakes (2001).
245 SLR - single lens reflex.
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observed in detail and are most likely limited to different memory cards included in cameras. For
this reason, memory was excluded from some of the regression models.

The number of priced models (and hence price observations) follow the number of adds in the
Journal and the number of different models each manufacturer makes. One might argue that the data
is self-weighting in a sense that the more models a manufacturer has, the larger its share is in the
data. No explicit data was available for the weights and all indices are calculated as equally
weighted geometric means. In digital camera case, we assume that the number of different models
advertised is a proxy for market share of that make. This view may be challenged, but no other data
was available to support or contradict this hypothesis.

II) Data reservations

There are some issues in the data that might be a hindrance to the index:

1) �Call for price�. A number of times the Journal adds do not show the price directly, and they
could only be obtained by calling the retailer. This practice is still in use and may be set by
either the manufacturer or the retailer.

2) Weight data. There were no data on model nor manufacturer turnover or other data on relative
importance of manufacturers.

3) Unbalanced samples. The price sample is unbalanced towards the last year and the last two
quarters when the price collection changed fundamentally.

4) Limited data on the early years.

These concerns were treated by the following practices, which are commonly used. However, their
effects should always be estimated.

1) �Call for price�. These prices were not collected at all. Our assumption is that the �Call for
price� is more widely used with new introductory models than older models. Although the
basis for reasoning is not relevant in our descriptive indices, one may argue that models
entering the market have higher mark-ups while models exiting are being sold out with
smaller or even negative markups. Since we are not referring to marginal cost �pricing, as
we are only interested in the actual prices paid, we assume that there are no differences in
the price determining processes (or marginal distributions) between the advertised and non-
advertised prices.

2) Weight data. As already noted, since we had no data on quantities sold by model or by
manufacturer, we assumed that the number of models advertised provides a proxy for the
manufacturer weights. Thus, each model has an equal weight. Out of all observations Sony
counted for most (18%) and then Olympus (15%), Kodak (13%), Fuji (12%), Canon (11%)
and Nikon (8%) of total observations. The rest 13 manufacturers account for the rest 24 %
of observations. This self-weighting seems reasonable � especially since there were not
great differences in pricing between manufacturers.246 However, it would be very interesting
to see how model specific weights would have affected the series.

3) Unbalanced samples. There is a clear change in the number of observations per quarter when the
data source was changed to the internet after the second quarter of 2002. There may be a
systematic reduction in prices due to this change, since the data selected from Pricescan.com
usually refer to �Best price� which is the lowest advertised price within a selection of online
retailers. These prices usually do not include shipping and there may be a tendency for the
low price retailers to charge more for the shipping than others. However, this is clearly not

                                                
246 As tested with classification models.
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the case every time and the same may also be true for the Journal adds as well. The degree
of possible bias from this has not been quantified. There were total of 1052 price quota for
the years 1998 � 2002 and the distribution of observations is presented in table 3.1.

Table 3.1 The distribution of price observations
Quarter /
Year 1998 1999 2000 2001 2002
Q1 19 41 79 75 50
Q2 20 34 44 29 94
Q3 27 54 63 83 155
Q4 37 31 55 41 124
Total 103 160 241 228 423

The change in the data collection is likely to have an effect also on the index. The prices col-
lected from the internet are usually the lowest prices for each model and not averaged over adver-
tised prices, as is the case in the price data from the Journal adds. By collecting overlapping prices,
one could estimate the magnitude of a shift change but this exercise was not carried out. Another
feature of internet purchases is the shipping and handling fees. Although not included in the prices,
it could be argued that in some cases a part of the actual price is actually charged as shipping and
handling, which is rather evident with regard to some special offers of other consumer goods. How-
ever, a quick sample did not confirm the negative relationship between price of the good and the
handling fees for same models.

4) Limited data on the early years. There are additional 21 price observations for 1996 and  38 for
1997 that have not been used in the analysis, because these data include missing information
on the characteristics. With a distinctive model or other method the series could be extended
a few years back, but for this study this exercise was not carried out. Also, if the time period
were further reduced to, say the last three years, differences between quality adjusted and
unadjusted price indices would not appear so large247.

These questions, as important as they may be, are not addressed further in this study. Our main
purpose was to compare different methods of controlling quality and the index series they produce.
Some of the questions could have been solved with some complementary data or additional data
collection.

III) Quality characters
The regression models to be laid out in section 5 need input variables, namely regressors.
Potentially good explanatory variables for hedonic regression would be such that have variability in
time and relatively large spread within each time period. Additionally, they should be correlated
with the price and not heavily with each other. In figure 4.2, there are some potential variables to be
used in the regression models in form of a simple average relative change thus showing only the
variability in time.

                                                
247 This will become apparent later.
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Figure 4.2 Some average quality variables as indices

Changes in the average quality characteristics are large in time compared to the evolution of
average prices. Of these variables, the manual focus is a binary variable and the index presentation
should be interpreted as the evolution of the share of digital cameras having the feature in question.
When used in average form e.g. in imputation, all binary variables should be interpreted similarly.
All available variables in the data set are presented in table 2 in Appendix 1. The most useful are the
ones indicating a sharpness of the picture, a memory capacity, an optical zoom ratio, and manual
focus, an external flash and movie options.

V Results

As a group digital cameras (compact or ultra compact models) is a rather homogenous set of
product varieties (compared to some other transactions in the economy). For many high technology
goods, the average price does not seem to change very much but at the same time average
(technological) quality characteristics change considerably. This is true for digital cameras too.

I) Grand unit-value
The price for a typical new digital camera model often starts with a stable introductory price (may
be set by the manufacturer) and then the dispersion of offer prices becomes larger in time. Often the
highest asking price stays the same (or decreases moderately) while the lowest price declines
sharply. In the data, there is just one price for a model at one time, but additional sales information
would be interesting to obtain.248

Without controlling for quality changes the average price fluctuates around $500 until early 2001
and then drops to under $350 during the last year. The grand unit-value index refers to the
geometric means. Changes in quarterly gross unit prices are presented in figure 4.1.

                                                
248 See e.g. www.pricescan.com.This property brings some additional problems for the price index that were not
accounted for in section 3. The data collected does not allow to take into account this behavior.
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Figure 4.1 Unit value index series (1998 = 100)

Figure 4.1 confirms the intuition we had on digital cameras. The prices of �a good camera� have
been around $500 for some years and just during the last few years the prices have begun to drop,
though less than the picture would indicate249. Of course, these prices do not count for the changes
in performance and other characteristics of the equipment. Equally importantly, these average prices
do not follow the prices of same camera models. The drop during the last few quarters may be
partly explained with the change in data collection � both because the recorded price refers to the
lowest price and also because there may be more �low end� models in the data set.

In terms of the model in section 2, calculating unadjusted geometric means is equal to �estimating�
a hedonic regression model

� �(13') ( ) ' .t t t tf x xβ α= =

This can be estimated from pooled data consisting all quarters and the resulting model fit measured
in adjusted R2 is little over 20% and most of individual t-test statistics for time indicator coefficients
suggest that they do not deviate from 0250. We call this a trivial model. It is actually used by some
statistical agencies in imputing missing observations, though not usually explicitly in this form.

II) Class unit-value

The usual practice statistical agencies use in tackling the changes in quality comes as a by-product
of the sampling or selection process. Just follow the prices of same goods in time! In case of digital
cameras, the �same� would mean the same store and same model of the same make. No measurable
quality change to control for � by definition. This could be interpreted as using a tight classification
where each model forms one class. The index is based on the class average prices. For the sake of
illustration, we classify (ex post) the cameras to similar (homogenous) groups and calculate the
group mean price changes. This classification method is actually often used by statistical agencies
for missing observations or replacements and may be a good method in connection with some
products.
                                                
249 We believe the same goes with some other high-tech equipment, e.g. PC�s. For some years now you�ve got a �good
computer� � not the very state of the art, but the next best thing � for some $1500.
250 Actually t-tests for H0-assumption of all individual α:s being zero would be rejected at 5% confidence level for only last
two quarters if the first quarter is used as a reference.
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The classification method is based on classifying the cameras according to some rule � most likely
by their characteristics � and calculating the class means. The matched model index above is an
extreme case of this method. Each model is classified as its own group and �empty� classes appear
every time when the model is not found in the next period.

A more realistic case would be to use, for example, the manufacturer as a classification rule. With
the classification, one hopes to remove as much as possible of the within class price variation at
each time. This method is typically used in repeated measurement experiments in natural sciences
and called analysis of variance. It is usually not called that way in the price index context and
usually none of the available test statistics from the analysis are either estimated or presented.

The first classification model in figure 5.2 is based on the manufacturer. The index may be
calculated from the changes in make-specific average prices251. The second model adds pixel group
� a variable, which classifies the camera models into five categories according to the available
accuracy of the picture (less that 1 megapixel, 2 Mp,  3Mp and over 4 Mp cameras). The third
model further classifies the data to models with or without a manual focus option (autofocus is the
norm). As with unadjusted averages, we do not actually calculate the class means but instead use
regression models (without cross effects).252

FIGURE 5.2 THE CLASSIFICATION METHOD

Compared to the matched model index, these indices have more volatility around the trend in the
first two years. Adding the classifying factors clearly smoothens the series, but practical usability
suffers because the number of class means to be calculated grows exponentially and empty classes
start to appear.

The classification method may be presented in the notation of section II as follows:

1 2 2
�(14) ( ) ' ,Tt t t t

MANUF MF tt
f x x D D Dβ α β β γ

=
= = + + + +∑L

                                                
251 The actual calculation is based on a time dummy regression model with indicator variables for each manufacturer.
252 So we are actually not cross-classifying the models, but only using the �main effects�.
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where Ds are binary variables for classifying variables and time indicator variables. When estimated
from pooled data the R-squares for the three models above are 33, 62 and 69% respectively. As
already mentioned, the index series may be constructed directly from the time indicator coefficients.
However, the same resulting series is also reached by estimating the price for each observations and
using the index number formulas presented in table 1.1.

III) Matched model
Before using the classification method, we first calculate a digital camera price index based on a
matched model method. As mentioned above in section 3.1, the sampling frame was not meant to
be used for calculation of a statistical agency �type matched model index. In a sense, this sampling
could be described as �quarterly re-sampling�253. Since we did not initially plan to calculate the
matched model index at all, it is provided only as an example and methodological criticism should
not focus on inadequacy of this matched model method. Also, no patched models were compiled
from the data.

There were observations from at least two quarters for almost all of the 288 models in the data set.
However, the turnover of camera models was rather fast. The number of models for which price
were found over more than 4 quarters� period was 167 and over 6 quarters� just 52. In traditional
statistical agency practice, this would have meant a large number of replacement models to be
found and an alternative method to account for those models at times of no price observation. Our
matched model index does not include estimates for the missing models, either for the ones entering
or exiting. The observed price change over more than one quarter is divided by the number of
quarters and addressed only to the first quarter. With these reservations, the (log mean) index series
are presented in figure 4.1 together with an unadjusted average price index. As can be seen,
especially in the first six to eight quarters, the two methods differ considerably, and the matched
model index is much smoother in decline. We will get back to some interpretation in section 6.

Figure 5.1 The matched model index and simple average (1998 = 100)

                                                
253 It would not be true to claim that the samples were truly independent from one another since we used the same
magazine having mostly the same advertisers over time. However, the notion of independence should not be too far from
true and we would expect it to have only minor effect for the price index.
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As already noted in section II, all models use natural logarithmic of price for the dependent variable
and either logarithmic or identity transformation functions for the explanatory variables. In the first
sub-section we introduce the index formula decompositions. I the next section we estimate models
restricting the coefficients of all quality characteristics to be constant over time, while in 5.3 these
restrictions are relaxed.

IV) Time dummy pooled hedonic regression
In this section all period t models are estimated as

( ) 1 1 1
� � � �� �(18) ln Tt t t t t t

i i i K iK tt
p x x x Dβ α β β δ

=
= = + + + +∑L ,

where an indicator variable Dt  gets value 1 at period t and 0 otherwise. We will use four slightly
different models to illustrate how the model selection affects the quality correction and the index.
The models are:

Model 1: manual focus + ln(megapixels)  [R-square 66%]
Model 2: manual focus + ln(megapixels) + ln(megabytes) [75%]
Model 3: manual focus + ln(megapixels) + optical zoom [77%]
Model 4: manual focus + ln(megapixels) + optical zoom + ln(megabytes) + external flash [80%]

Adding more quality characteristics increase the overall model fit somewhat, and the differences
with quality correction factors from each model become even smaller. A summary table for the
coefficients and quality correction terms of the below models are presented in appendix 4. In figure
6.1 quality correction terms for two characteristics, manual focus and pixels, are presented.

Figure 6.1  Quality correction factors for four models

As one can see there is some variation between the four models when the OLS adjusts the
hyperplane in price-quality coordination. The feature of forecast model is that by adding
explanatory variables into the model the individual coefficients, and quality correction factors,
adjust so that best overall fit is achieved. This means that the individual quality corrections factors
contribute a part of their value to the new variable depending on the amount of multicollinearity it
has with the variables already in the model. However, when taken together with all quality
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characteristics in the model, the total quality correction factor may have very little �dispersion�
between models, as in figure 6.2.

Figure 6.2 Quality adjusted log-Laspeyres indices for the four models

The overall picture of the quality adjusted price index for 1999 � 2002 does not change when
adding new quality variables into the hedonic regression. Also, for practical reasons it may be
feasible to collect even high frequency data on just few quality characteristics together with an
existing price collection, e.g. the CPI.

V) Time dummy 2-period hedonic regression

In case of rapid quality change, the assumption that quality � price relation stays the same except
from the constant term over a long period of time should be questioned. We will use two different
methods to allow more flexibility in the models. The first one is to apply the time indicator model to
data that pools data together only two consecutive periods, and estimate 19 independent time
indicator models (for all pairs). The second is to estimate separate models for each 20 quarters and
impute the matching prices as suggested by the index formulas. With the latter we calculate
different log-Laspeyres and �log-Palgrave� indices using the model from period t and t-1,
respectively and present the hedonic Törnqvist price index. We call these models pairwise pooled
and full hedonic models.

As the results will show, again there are no large changes in the quality adjusted indices and thus
we will use just two models, Model 1 and Model 3 from the previous section.
Now, the model R2:s vary between 60 and 85%. See a summary table of estimation results in
Appendix 4. The resulting index series for pairwise pooled indices are presented in figure 6.3
together with ones from the previous section. The P refers to pairwise model, and as one can see,
the two quality correction magnitudes are very similar with the completely pooled data models.

Four indices

0

20

40

60

80

100

120

I II III IV I II III IV I II III IV I II III IV I II III IV

98 98 98 98 99 99 99 99 00 00 00 00 01 01 01 01 02 02 02 02

Model 1
Model 2
Model 3
Model 4



307

Figure 6.3 Pooled estimation models

In this case individual observations have much more effect for the coefficients, especially in the
early years. Consequently, the quality correction factors for individual characteristics do vary little
more, but the total quality correction factors are not affected as much, as expected. One could
modify this method by adding the number of consecutive periods to the estimation, which would
have a further smoothing effect but still gradually take into account possible changes in quality �
price relation.

VI) Full hedonic imputation

The second method could be called a true full hedonic method. Estimated models stay the same but
instead of calculating just one index we will use all the data and present the resulting quality
adjusted price indices as a Tornqvist index254. This would theoretically be the most comparable with
an index based on time indicator model255. See result in the summary table in Appendix 4. The two
indices are presented in figure 6.4.

                                                
254 Difference of chained Laspeyres and Palgrave are at most 7 index points and average to very close to 0.
255 Since both use the data from the two periods to estimate the model(s). See appendix 1.
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Figure 6.4 Full hedonic models

While it may be difficult to see real difference in the quality adjusted price indices, there are some
differences in the quality correction factors. The difference between the two model pairwise quality
correction factors is some 8% at maximum. With the pooled data the difference is at most 6%. With
individually estimated Fisher quality correction factors between the two model differ again at most
some 8%.

VII) Summary
Tähän yhteenvetotaulu

VI Conclusions

As shown above, regardless of different methods and hedonic models used to adjust for quality
changes in digital camera price index, all reasonable models produce indices that come very close to
each other. Since we apply a forecast model we prefer a simpler model if no substantial benefit is
achieved from adding more variables into the hedonic model. If one has to choose between a simple
model and more complicated one we think the simpler is better.

As a starting point we should expect and allow the models differ between periods. Only if there is
no strong evidence against changing coefficients, we may use time restricted models. If data allows
the use of pooled regressions, hedonic models seem to be rather robust in choice of estimation and
of model specification. The advantages from using somehow pooled data are that it gives more
stable regression coefficients and �smoothens� the quality adjusted index series. Especially with
high frequency indices it may also make the hedonics more feasible since it demands less data. This
is again not a bad thing.

Since relatively simple models may work well enough, hence large scale characteristics collection
may not be necessary, and may not be any greater restraint for statistical agencies than a matched
model approach.

As long as the matched model index does not produce outside the sample bias it works very well.
However, if the distribution of characteristics changes in time, as it does with high technology
products, frequent sampling is needed and quality changes in mismatches must be dealt somehow.

 
Model  and Model 3

0

20

40

60

80

100

120

140

I II III IV I II III IV I II III IV I II III IV I II III IV

98 98 98 98 99 99 99 99 00 00 00 00 01 01 01 01 02 02 02 02

Tornqvist M1

Tornqvist M3



309

Typical statistical agency procedures may not be suitable for simultaneously dealing with quality
change and sampling. We argue that hedonic approach is a good and often feasible way to produce
indices so that sampling may be separated from the quality adjustment process.

The main findings indicate that, in an aggregate context, such as price index, relatively simple
hedonic models may be sufficient for accurate quality controlling even in high technology products.
Further, if compared with a matched model framework, the collection of characteristics data for
hedonics may not need to exceed the precision already needed to �make the match�. This suggests
that it may be feasible to use hedonic indices even in high frequency index compilation.

As Pakes (2004), we see no real obstacles for using some form of hedonic approach instead of more
fixed matched model approach. To validate this, we claim that additional cross sectional
explanatory power from a set of added quality characteristics in hedonic models have only marginal
longitudinal effects in the index series.
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Appendix 1. Decomposition of hedonic geometric indices

It was proposed that hedonic log-Laspeyres index may be decomposed as:
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To see this, we develop the basic hedonic log-Laspeyres formula by adding and subtracting
estimated equally weighted pure price change
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Now manipulating the second part by again adding and subtracting period t average price it may be
written as:
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The first term is the relative of geometric means of the two periods� prices. It is an unadjusted or
unit price index from period t-1 to t. The second term is a multiplicative quality correction term that
may be further factored into each characteristic. After estimating the regression coefficients, this
equally weighted decomposition may easily be used for index calculation, since the quality
correction term only depends on the average quality change.

The second term of (A1) may be written as
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Also, to emphasize the hedonic model, we could further decompose the covariance term into
systematic and random parts. Since the average weight depends on the number of observations, we
may also write ( ) ( )1cov , cov ,tw w p N w p−=& & . To see the effect of selecting the model type this
covariance term may further be written as
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Now, it�s easy to see that for any time indicator model, for which regression coefficients stay
constant, the covariance is between the weights and forecast error. Errors of course depend on how
many periods are used in the estimation of time indicator model.

To derive a symmetric hedonic index that makes use of both period weights and regression models
we start with repricing period t observations using period t-1model. It is easy to show that this
Palgrave type formula is almost the same:
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Finally, the hedonic Törnqvist index may be obtained as a geometric average of the two.  The
traditional Törnqvist index formula uses arithmetic mean of weights as



313

( ) ( )1 1
1

1
( 7) ( ö) exp 2 .

N
t t t t t

t i i i i
i

A P T w w p p− −
−

=

 = + − 
 
∑

BUT SINCE WE MAY HAVE A DIFFERENT NUMBER OF OBSERVATIONS IN THE TWO PERIODS WE
DEFINE THE HEDONIC TÖRNQVIST INDEX AS GEOMETRIC MEAN OF HEDONIC LOG-LASPEYRES
(A1) AND THE CURRENT PERIOD WEIGHTED �PALGRAVE-TYPE� INDEX (A6). USING NOTATION

β�  FOR AVERAGE OF THE TWO PERIOD ESTIMATED REGRESSION COEFFICIENTS IT IS RATHER
STRAIGHTFORWARD TO SHOW THAT:
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where the last term could be simplified - if the number of observations would stay the same � as
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In (A9) the weights are now Törnqvist weights and also the regression coefficients used in the
quality adjustment term follow the Törnqvist, in a sense that they are arithmetic means. Actually,
any index formula based on log-change may be decomposed in the above way, just the covariance
terms associated with the weighting scheme change.
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Appendix 2. Average prices and the classification method

TABLE A1.1 AVERAGE PRICES

Year Quarter Quarterly mean
prices $ Mean index

98 I 528.9 103.0
98 II 474.5 92.4
98 III 524.1 102.0
98 IV 527.0 102.6
99 I 474.4 92.4
99 II 546.0 106.3
99 III 562.4 109.5
99 IV 590.1 114.9
00 I 580.5 113.0
00 II 569.4 110.9
00 III 587.0 114.3
00 IV 561.4 109.3
01 I 535.7 104.3
01 II 524.2 102.1
01 III 463.6 87.7
01 IV 471.6 89.2
02 I 447.3 84.6
02 II 436.0 82.4
02 III 353.4 66.8
02 IV 315.8 61.5

Table A1.2 Data set variabels

Variable Description type of measure
lnp log of price dollars
lnpix log of sharpness megapixels
lnsto log of memory included megabytes
movie movie feature 0 - 1 variable
remote remote control 0 - 1 variable
flash_ex external flash 0 - 1 variable
manfocus manual focus 0 - 1 variable
zoomo optical zoom scale of optical magnification
zoomd digital zoom scale of digital magnification
USB usb connection 0 - 1 variable
serial serial connection 0 - 1 variable
bat_re battery recharger 0 - 1 variable
type type of camera compact, ultacomp, SLR-type
multires choices of various resolutions number, or '0 - 1 variable
ISO number of different iso number, or '0 - 1 variable
manufac manufacturer 18 manufacturers
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TABLE A1.3. CLASSIFICATION METHOD

Year Quarter Only Manufacturer (1)
Manufacturer and
Pixel-group (2) 2 + Manual focus

1998 I 103.4 105.4 106.0
1998 II 92.3 93.3 91.9
1998 III 96.4 95.4 100.4
1998 IV 108.0 105.8 101.7
1999 I 94.6 92.0 88.9
1999 II 116.5 108.6 97.9
1999 III 114.8 106.0 95.3
1999 IV 122.2 104.9 92.6
2000 I 112.8 96.0 85.4
2000 II 109.8 91.3 82.8
2000 III 111.3 85.3 74.9
2000 IV 110.9 77.3 67.9
2001 I 102.0 66.5 59.0
2001 II 102.5 63.9 56.4
2001 III 89.6 55.8 49.9
2001 IV 91.9 54.4 49.5
2002 I 83.9 47.7 43.1
2002 II 80.1 44.1 40.4
2002 III 63.3 36.0 33.5
2002 IV 58.7 33.9 31.5
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Appendix 3. Some regression results

Time indicator Model 4 estimation results. The model is estimated as

( )
28
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α β β β β β δ
=

= =
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The SAS System          09:33 Monday, May 12, 2001

                                        The REG Procedure

                                          Model: Model 4

                                    Dependent Variable: lnp

                                      Analysis of Variance

                                             Sum of           Mean

         Source                   DF        Squares         Square    F Value    Pr > F

         Model                    24      170.35142        7.09798     160.64    <.0001

         Error                   938       41.44658        0.04419

         Corrected Total         962      211.79800

                      Root MSE              0.21020    R-Square     0.8043

                      Dependent Mean        6.05545    Adj R-Sq     0.7993

                      Coeff Var             3.47133

                                       Parameter Estimates

                                          Parameter       Standard

        Variable     Label        DF       Estimate          Error    t Value    Pr > |t|

        Intercept    Intercept     1        6.56490        0.07584      86.57      <.0001

        lnpix        ln(PIXEL)     1        0.50031        0.02129      23.50      <.0001

        Manfocus     Manfocus      1        0.13551        0.01722       7.87      <.0001

        ZoomO        Opt Zoom      1        0.06494        0.00562      11.56      <.0001

        lnsto        ln(STORAGE)   1        0.12207        0.01539       7.93      <.0001

        Flash_ex     Ext flash     1        0.11777        0.01872       6.29      <.0001

        Q10                        1       -0.16623        0.09449      -1.76      0.0789

        Q11                        1       -0.34812        0.08709      -4.00      <.0001

        Q12                        1       -0.49367        0.08241      -5.99      <.0001

        Q13                        1       -0.69502        0.08191      -8.48      <.0001

        Q14                        1       -0.77254        0.08240      -9.38      <.0001

        Q15                        1       -0.80633        0.07965     -10.12      <.0001

        Q16                        1       -0.90879        0.08450     -10.76      <.0001

        Q17                        1       -0.93108        0.07829     -11.89      <.0001

        Q18                        1       -0.97396        0.08171     -11.92      <.0001

        Q19                        1       -1.07752        0.08038     -13.41      <.0001

        Q20                        1       -1.15870        0.08123     -14.26      <.0001

        Q21                        1       -1.29944        0.08044     -16.15      <.0001

        Q22                        1       -1.37906        0.08708     -15.84      <.0001

        Q23                        1       -1.50989        0.08095     -18.65      <.0001

        Q24                        1       -1.52072        0.08508     -17.87      <.0001

        Q25                        1       -1.59569        0.08398     -19.00      <.0001

        Q26                        1       -1.65902        0.08160     -20.33      <.0001

        Q27                        1       -1.83195        0.07983     -22.95      <.0001

        Q28                        1       -1.90307        0.08005     -23.77      <.0001
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Appendix 4. Model 3 and 4 coefficients

Models 3 and 4 estimated from total and pairwise pooled data

Table A4.1  Parameter estimates for pairwise dummy model and full dummy model 3
Year Qrt Intercept lnpix Manfocus ZoomO Time D

98 I  
98 II 6.81 0.65 0.07 0.06 -0.167
98 III 6.52 0.52 0.13 0.07 -0.135
98 IV 6.33 0.42 -0.06 0.08 -0.079
99 I 6.25 0.43 0.04 0.07 -0.153
99 II 6.09 0.49 0.05 0.08 -0.025
99 III 6.05 0.54 0.14 0.07 -0.047
99 IV 5.99 0.53 0.21 0.07 -0.078
00 I 5.89 0.58 0.16 0.08 -0.037
00 II 5.84 0.60 0.15 0.08 -0.045
00 III 5.83 0.54 0.17 0.07 -0.085
00 IV 5.76 0.55 0.14 0.07 -0.089
01 I 5.66 0.60 0.14 0.07 -0.141
01 II 5.51 0.61 0.16 0.06 -0.089
01 III 5.41 0.59 0.08 0.09 -0.110
01 IV 5.28 0.57 0.10 0.10 -0.015
02 I 5.30 0.51 0.21 0.08 -0.083
02 II 5.15 0.53 0.26 0.09 -0.054
02 III 5.13 0.53 0.23 0.08 -0.186
02 IV 5.03 0.46 0.23 0.08 -0.063

Full model 6.69 0.53 0.18 0.08 

Table A4.2  Parameter estimates for pairwise dummy model and full dummy model 4
Year Qrt Intercept lnpix lnsto Manfocus ZoomO Flash_ex Time D

98 I  
98 II 6.68 0.65 0.18 0.00 0.04 0.00 -0.153
98 III 6.46 0.51 0.06 0.10 0.07 -0.12 -0.153
98 IV 6.28 0.41 0.04 -0.06 0.08 -0.02 -0.088
99 I 6.17 0.42 0.06 -0.02 0.07 0.03 -0.184
99 II 5.97 0.47 0.08 0.07 0.05 0.12 -0.039
99 III 5.78 0.34 0.11 0.16 0.07 0.22 -0.019
99 IV 5.75 0.35 0.08 0.18 0.10 0.20 -0.095
00 I 5.55 0.47 0.13 0.12 0.11 0.13 -0.015
00 II 5.60 0.53 0.08 0.09 0.12 0.09 -0.054
00 III 5.52 0.46 0.11 0.08 0.13 0.06 -0.089
00 IV 5.37 0.44 0.16 0.06 0.11 0.10 -0.074
01 I 5.40 0.55 0.14 0.11 0.04 0.11 -0.143
01 II 5.26 0.57 0.14 0.14 0.02 0.13 -0.087
01 III 5.22 0.64 0.09 0.05 0.06 0.11 -0.134
01 IV 5.11 0.68 0.07 0.04 0.06 0.13 -0.027
02 I 5.15 0.78 0.01 0.14 0.04 0.09 -0.094
02 II 4.88 0.68 0.10 0.15 0.06 0.08 -0.071
02 III 4.79 0.56 0.15 0.13 0.06 0.12 -0.170
02 IV 4.80 0.49 0.11 0.18 0.05 0.10 -0.073

Full model 6.56 0.50 0.12 0.14 0.12 0.06  
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Table A4.3 Parameter estimates for full hedonic model 3

Year Qrt Intercept lnpix Manfocus ZoomO
98 I 6.75 0.58 0.07
98 II 6.72 0.71 0.06 0.05
98 III 6.35 0.47 0.13 0.07
98 IV 6.25 0.38 -0.11 0.08
99 I 6.09 0.48 0.13 0.07
99 II 6.08 0.51 0.00 0.08
99 III 5.99 0.54 0.22 0.07
99 IV 5.91 0.51 0.20 0.07
00 I 5.84 0.61 0.14 0.08
00 II 5.79 0.57 0.17 0.08
00 III 5.77 0.53 0.16 0.07
00 IV 5.66 0.59 0.11 0.08
01 I 5.51 0.60 0.17 0.06
01 II 5.42 0.65 0.16 0.06
01 III 5.28 0.60 0.06 0.10
01 IV 5.30 0.52 0.18 0.09
02 I 5.22 0.50 0.24 0.08
02 II 5.06 0.55 0.28 0.09
02 III 4.98 0.53 0.20 0.08
02 IV 5.01 0.39 0.26 0.07

Table A4.4 Parameter estimates for full hedonic model 4
Year Qrt Intercept lnpix Manfocus ZoomO lnsto Flash_ex

98 I 6.63 0.59 0.05 0.16
98 II 6.58 0.71 -0.01 0.03 0.19
98 III 6.36 0.48 0.12 0.08 0.00 -0.05
98 IV 6.12 0.36 -0.11 0.09 0.08 -0.02
99 I 6.01 0.48 0.04 0.07 0.05 0.04
99 II 5.80 0.47 0.12 0.03 0.16 0.14
99 III 5.79 0.33 0.18 0.10 0.06 0.23
99 IV 5.58 0.34 0.18 0.10 0.12 0.18
00 I 5.50 0.52 0.09 0.12 0.13 0.11
00 II 5.72 0.58 0.09 0.13 -0.02 0.05
00 III 5.28 0.38 0.06 0.13 0.19 0.08
00 IV 5.40 0.53 0.07 0.07 0.14 0.10
01 I 5.26 0.57 0.15 0.02 0.14 0.13
01 II 5.19 0.57 0.13 0.03 0.14 0.13
01 III 5.08 0.66 0.01 0.07 0.08 0.10
01 IV 5.15 0.73 0.07 0.05 0.02 0.18
02 I 5.04 0.80 0.17 0.04 0.00 0.00
02 II 4.72 0.62 0.14 0.07 0.15 0.12
02 III 4.67 0.54 0.13 0.05 0.15 0.11
02 IV 4.88 0.43 0.24 0.05 0.06 0.07
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Table A4.5 Average quality characteristics
Year Qrt lnp lnpix Manfocus ZoomO lnsto Flash_ex

98 I 6.22 -0.96 0.59 0.85
98 II 6.09 -0.93 0.09 0.75 0.82
98 III 6.20 -0.49 0.06 0.96 1.22 0.06
98 IV 6.23 -0.23 0.15 1.08 1.49 0.04
99 I 6.11 -0.14 0.14 1.30 1.56 0.14
99 II 6.27 0.10 0.28 1.95 1.84 0.34
99 III 6.27 0.17 0.26 1.95 1.89 0.33
99 IV 6.32 0.33 0.35 2.28 2.06 0.42
00 I 6.29 0.35 0.37 2.18 2.02 0.34
00 II 6.28 0.39 0.38 2.36 2.03 0.35
00 III 6.30 0.53 0.51 2.43 2.21 0.41
00 IV 6.26 0.63 0.53 2.39 2.23 0.33
01 I 6.20 0.73 0.61 2.49 2.33 0.33
01 II 6.21 0.84 0.69 2.58 2.39 0.46
01 III 6.07 0.83 0.65 2.75 2.38 0.34
01 IV 6.10 0.89 0.60 3.03 2.36 0.34
02 I 6.01 0.92 0.60 2.80 2.34 0.26
02 II 5.98 0.97 0.60 2.66 2.49 0.22
02 III 5.76 0.90 0.55 2.65 2.50 0.18
02 IV 5.66 0.87 0.56 2.59 2.46 0.20
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Table A4.6: Quality correction factors
Year Qrt Model 2P Model 2Full Model 4P Model 4Full Model 2 Model 4

98 I  
98 II -0.04 -0.05 -0.02 -0.05 -0.03 -0.02
98 III -0.24 -0.25 -0.26 -0.30 -0.27 -0.31
98 IV -0.11 -0.16 -0.12 -0.18 -0.12 -0.13
99 I -0.06 -0.06 -0.06 -0.09 -0.06 -0.06
99 II -0.18 -0.20 -0.20 -0.26 -0.18 -0.20
99 III -0.03 -0.03 -0.02 -0.04 -0.03 -0.03
99 IV -0.13 -0.13 -0.14 -0.16 -0.13 -0.14
00 I -0.01 -0.01 0.02 0.01 -0.01 0.02
00 II -0.04 -0.04 -0.05 -0.05 -0.04 -0.05
00 III -0.10 -0.10 -0.10 -0.12 -0.10 -0.10
00 IV -0.06 -0.06 -0.04 -0.05 -0.06 -0.04
01 I -0.08 -0.07 -0.08 -0.08 -0.08 -0.08
01 II -0.08 -0.08 -0.10 -0.09 -0.09 -0.10
01 III -0.01 0.00 0.01 0.00 0.00 0.02
01 IV -0.06 -0.05 -0.06 -0.06 -0.06 -0.06
02 I 0.00 0.00 -0.01 0.02 0.00 -0.01
02 II -0.01 -0.01 -0.04 -0.02 -0.01 -0.03
02 III 0.05 0.05 0.05 0.04 0.05 0.05
02 IV 0.02 0.02 0.02 0.03 0.02 0.02

These are derived as ( ) ( )1 1
1 1 1

� �' 't t t t
K K Kx x x xβ β− −− + + −∑ K

Table A4.7 Quality correction factors
Year Qrt Model 2P Model 2Full Model 4P Model 4Full Model 2 Model 4

98 I 117.7 118.5 117.6 121.5 119.1 120.2
98 II 113.4 115.0 114.9 117.6 115.2 117.5
98 III 89.1 89.9 88.7 87.8 87.7 86.3
98 IV 79.8 76.7 78.8 73.1 78.0 76.0
99 I 75.5 71.8 74.0 67.0 73.7 71.4
99 II 63.3 58.9 60.6 51.6 61.7 58.4
99 III 61.3 57.0 59.4 49.8 59.7 56.9
99 IV 53.7 50.0 51.5 42.3 52.4 49.4
00 I 53.4 49.7 52.4 42.7 52.1 50.3
00 II 51.2 47.9 49.9 40.8 49.9 47.9
00 III 46.4 43.4 45.0 36.3 45.2 43.2
00 IV 43.8 41.0 43.4 34.6 42.6 41.5
01 I 40.6 38.1 39.9 31.8 39.5 38.2
01 II 37.3 35.2 36.1 29.0 36.2 34.6
01 III 37.1 35.2 36.6 29.0 36.2 35.2
01 IV 35.0 33.6 34.5 27.5 34.2 33.2
02 I 35.0 33.6 34.2 28.0 34.2 32.9
02 II 34.6 33.1 33.0 27.3 33.8 31.8
02 III 36.4 34.7 34.6 28.6 35.6 33.5
02 IV 37.0 35.4 35.3 29.3 36.2 34.1
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