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VALUING THE OUTPUT OF HOUSING SERVICES IN THE NATIONAL ACCOUNTS

1. In national accounting, the use of a dwelling is deemed to be a “service”, the producer of that
service being the dwelling’s owner and the consumer its occupant.  The service associated with
ownership of a dwelling is a market service if it is produced by a  lessor, and the rent paid by the
lessee is the price of that service.  An owner who makes a dwelling available to another party
rent-free is likewise the producer of a market service, this service being a benefit in kind for the
occupant.

2. Similarly, it is considered that, for an owner-occupier, use of the dwelling which he or she owns
represents a rent saving equivalent to the rent for a similar dwelling in the rental housing stock.
For owner-occupiers, production of the housing service for own account is a non-market
activity.

3. Valuation of the housing service output produced by lessors is a simple matter:  this is done by
summing the receipted rent payments of all tenants.  On the other hand, the valuation of non-
market housing service output is a more complicated matter, as is that of the market output
corresponding to rent-free use of dwellings.  According to the European System of Integrated
Economic Accounts (ESA), the housing service produced by owner-occupiers is measured by
the value of rents for leased dwellings similar to theirs.  This convention is admittedly very
logical, but it does leave a wide margin of assessment for national accountants and statisticians,
who cannot make their computations until the conceptual content of such a definition has been
fully clarified.

4. Dwellings are regarded as similar if they render equivalent services to their occupants.  This
would be the case with two dwellings in the private rental housing stock, located in cities of the
same size, and having the same standard of comfort and roughly the same surface area.  The
rents for these dwellings, i.e. the price of the service associated with their use, will then be
similar, but only if their occupants took up residence at about the same time.  For it is on
changes of occupancy that rents are raised most steeply.

5. Clearly there is a relatively close link between the physical characteristics of dwellings (location,
size, comfort, etc.) and their use value, but it is essential to remember that rent levels also
depend in large measure on certain characteristics of dwelling occupancy: rents for public
housing are lower than those for private housing, and the longer the tenant has occupied a
dwelling, the less his or her rent will be.

6. The whole difficulty of calculating “imputed rents” stems from this state of affairs.  The physical
characteristics of dwellings are identifiable objectively for owner-occupied premises, as they are
for tenanted premises, thus making it possible to stratify these two housing stocks in the same
way.  Each stratum of the rental stock thus partitioned would carry an average rent which could
be “imputed” to the corresponding stratum of the owner-occupied stock.
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7. However, rents will be better explained by a stratification that also introduces the characteristics
of dwelling occupancy, since these variables have an essential influence on rent levels.  The
concept of social housing does not apply to home-owners.  In the case of tenants it represents a
particular pricing of the housing service and cannot be compared with attainment of home
ownership:  the fact that a dwelling is purchased with a concessional loan or not, as the case may
be, has no impact on its use value.  It may also be wondered whether the downward pressure of
occupancy length on the value of the housing service should be taken into account and, if so,
how.

8. The European guidelines introduce a specification that makes it possible to resolve the problem
of occupancy status.  They stipulate that “in order to determine the imputed rents, it is necessary
to use information relating to all rented dwellings in the private housing stock” (unofficial
translation).  In other words, it is considered that any owner-occupied dwelling has the same use
value as a rented dwelling in the private housing stock.  On the other hand, it is not stated how
length of occupancy should be taken into account in the calculation of imputed rents.

9. The study summarised below was carried out as part of the work connected with a revision of
French national accounting methods.  Its purpose was to review the method of calculating
imputed rents from all angles, both conceptual and statistical:  identification of the most relevant
variables to explain rent levels, calculation technique, specific treatment of certain variables.

I. Principle of calculation:  direct stratification or regression?

10. Regarding the method of calculation, the European guidelines are extremely succinct.  They
stipulate “stratification methods using effective rents as the starting point” (unofficial
translation) and specify that “Member States must use analytical tabulations or some sort of
statistical techniques in order to determine the most relevant criteria on which to base the
stratification” (unofficial translation)

11. The general principle of imputed rent valuation is therefore as follows:

• first, the determinants of rent level are identified;  these are, essentially, the dwelling’s
location, its size, its standard of comfort, whether it is part of the social housing stock or
not, and the length of the tenant’s occupancy;

• second, these explanatory variables are then used to partition the rental housing stock into
homogeneous strata, each represented by an average rent;

• the third and final stage is to impute to owner-occupied dwellings in a given stratum the
average rent for the same stratum in the rental housing stock.  This last stage presupposes
that all the relevant variables used to stratify rented dwellings can also serve to stratify
owner-occupied dwellings.  But this is not the case with the variables of dwelling
occupancy, such as dwelling status or length of tenancy.  These will require specific
treatment.

12. Instrumentally, this calculation can be made using an elementary technique that consists in
directly determining average rent, stratum by stratum.  However, because it is so cumbersome
this manner of proceeding makes it necessary to limit the number of stratification criteria, which
may be regrettable, and to retain a greater number of interactions, mostly of no use, between
these criteria.
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13. A more modern and efficient variant is to use an econometric model explaining the rent (or more
accurately its logarithm) by a certain number of qualitative and quantitative variables (see
annex).  The coefficients of the econometric equation are estimated on the basis of a sample of
rented dwellings.  This equation is then used to extrapolate the rents of owner-occupiers:  the
value of the explanatory variables being known for owner-occupiers, their imputed rents can be
deduced.

14. In the French national accounts base 1980 both these modes of calculation were used:  in the
central account, direct stratification was applied, while for the satellite account an econometric
model was used.  The debate between proponents and opponents of the two methods,
respectively, often focuses on their econometric character or lack of it.  It has been
demonstrated, however, that if the explanatory variables are the same, there is no theoretical
difference between the methods.  Moreover, the wording of the European guidelines implies this.
Principle 1 of the calculation of housing service output is worded thus: “Member States must
apply the stratification method using effective rents as the starting point, and then complete the
estimation either by using direct extrapolation or econometric regression techniques” (unofficial
translation).

15. The fact that direct extrapolation and regression are really two variants of one stratification
method is simple to demonstrate.  Let it be assumed that the econometric model contains only
two explanatory factors (standard of comfort and location, for example) and introduces all the
crosses of these two variables:

y b xkh kh
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16. The dependent variable y is the rent, the xkh are indicator variables1 corresponding to all the

modality crosses of the two explanatory factors (comfort, location).  It is demonstrated that the

coefficient bkh relative to the variable xkh is the mean of the values of the variate y in the class

defined by the cross considered.  In calculating imputed rents on the basis of this model, bkh is

also the rent assigned to owners in the stratum (h,k).  Hence there is no theoretical difference
between a calculation of imputed rents based on this model and one based on a direct
stratification method, since the explanatory factors and the dependent variable are strictly the
same.  Thus the calculation in the national accounts base 1980, which estimates rents for the
rental housing stock by partitioning it according to location, with 15 modalities, and a variable of
“standing” (combining comfort, age and the social or non-social character of dwellings), with 8
modalities, would be equivalent to a computation made with an econometric model containing
120 dichotomic variables corresponding to the different crosses of these two factors.

17. For an identical result, econometrics has many advantages.  A powerful tool of computation and
analysis, it enables a larger number of factors to be taken into account and offers very great

                                                     
1 A given qualititative variable X, having K modalities, is associated with K dichotomic indicator variables.  The

indicator variable corresponding to the k modality of X takes the value 1 for observations where the modality
of X is the k-th;  otherwise it takes the value zero.
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flexibility in the choice of variables and their interactions.  In addition, it provides all sorts of
aids to interpretation, thus making it possible to better select the explanatory factors for rents and
evaluate their relative importance.

18. Econometric modelling has its limits, however.  Even the best model will never explain all the
variability of rents, since it starts from the premise that prices in the home rental market depend
only on the physical characteristics of dwellings and their conditions of occupancy.  This is
obviously a somewhat simplifying approach to the rental market, where other elements come
into play, some of them not measurable.  In theory, the more comfortable a dwelling is, the
higher its rent, but in practice a lessor may very well decide to charge the lessee a reduced rent
because of a special relationship between the two parties.  The greater the number of instances of
this atypical behaviour, the less effective modelling will be.  Furthermore, it can only use
explanatory factors identifiable from the rents sample available2.  Thus location is taken into
account only by reference to size of the urban unit, whereas an unrestricted view or tourist
attractions are important elements that cannot be covered.

II. The model for the satellite housing account

19. The European guidelines divide the variables determining rent levels into three categories:

• variables describing the dwelling and the building:  size of dwelling, comfort, floor area of
rooms, presence of an elevator in the building, presence of green areas, type of building
(house or apartment building), date of construction of the building;

• environment-linked variables: district/location, proximity of amenities, etc;

• socio-economic variables:  rent control, nature of landlord, length of tenancy.

20. The model used to estimate imputed rents in the French satellite account is based on a number of
variables in the housing survey which make it quite consistent with these guidelines.  The
variables concerned are:  number of rooms in the dwelling, average room size, comfort,
environment (neighbourhood amenities, green areas, etc.), year of the building’s completion,
number of dwellings in the building, location, whether the lessor is a member of the lessee’s
family or another private party, status of tenancy (low-rent housing, semi-public housing,
unchanged rent under the French law of 1948, private lease), and year of tenant’s arrival.  The
coefficients of the model are estimated from data on all dwellings in the rental housing stock
recorded by the INSEE housing surveys.

21. The dependent variable is not the rent itself but the logarithm of the rent (this could also be the
logarithm of the rent per square metre of dwelling area).  As for the explanatory variables
mentioned above, they are mostly qualitative and therefore cannot be introduced as they stand.
They are first broken down into as many quantitative variables as the initial qualitative variables
have modalities.  For example, if “location” has 8 modalities, it will be broken down into 8
indicator variables.  Each new indicator variable takes only the values zero and 1.  It takes the
value 1 for dwellings presenting the modality to which it corresponds and the value zero for
dwellings which do not.

                                                     
2 In this instance the sample of the INSEE housing surveys.
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22. A simplified log-linear model containing only one explanatory factor would be written thus:

( ) ( )Log L Log L b Xk k
k

= + +∑0 ε , (I)

where X k  is the indicator of the modality k of the qualitative X.

23. The general model is as follows:

( )Log L Log L b X d Yki ki
ki

j j
j

= + + +∑∑ ∑( ) ,0 ε k = 1 to Ki , i = 1 to I , j = 1 to J

L is the annual dwelling rent known from the housing surveys,

Xki is the indicator variable relative to the modality k of the qualitative variable i, and the model

contains I qualitative variables,

Yj  is one of the model’s J quantitative variables,

ε is the residual.

24. A log-linear model of this type explains the relative deviations in rent from a reference rent 
L0

 ,
namely the rent for a dwelling defined by a reference set of modalities.

25. Let us assume that only one of the characteristics of a given dwelling differs from those of the
reference dwelling, for example its location:  the reference dwelling is located in Paris and the
dwelling in question is located in a rural commune, say.  For that dwelling, the indicator
corresponding to Paris takes the value zero and the indicator for the “rural area” modality, and
that indicator alone, takes the value 1.  With the simplified model (I) this gives:

( ) ( )Log L Log L bk− =0 ,    bk  being the coefficient applying to the “rural area” modality.

Hence:  L L ebk= 0 , consequently:  
L L

L
e bb

k
k

− = − =0

0

1 , if bk  is small.

Put differently, ( )ebk − 1 , or bk , if it is small, represents the relative variation in rent between

a dwelling in Paris and a dwelling in a rural area, other things being equal.

Similarly, if the explanatory variable is quantitative (e.g. average room size), bk  is the rent’s

elasticity (or its percentage change) relative to that variable.
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26. It should be noted that a simple inversion of the estimator of the rent logarithm derived from the
log-linear model leads to a biassed estimator of the rent itself.  If it is assumed3 that the rent
logarithm follows a normal law of mean m and standard deviation σ, the rent itself will follow a

lognormal law in which the mean is m + σ 2

2
.  Consequently, to obtain an unbiassed estimator

of the rent, it is necessary to multiply the exponential of the estimator (unbiassed) of the rent

logarithm derived from the model by e
∃σ 2

2 , where ∃σ  is the model’s estimated standard
deviation.

27. The table below shows the values of the characteristic effects of the different variables and the
values of the tests associated with them.  It should be read thus:

− the reference dwelling comprises four rooms;  the rent for a six-room dwelling is 29.9 per
cent higher than the rent for a four-room dwelling, solely because of the size effect;

− the year of arrival of the reference tenant is between 1985 and 1988;  a tenant taking up
residence in 1992 or after will have to pay a rent higher by 23.4 per cent, other things
being equal;

− Student’s T statistic is an indicator of the accuracy of estimation of the coefficients.  It is
the ratio of the coefficient’s value to its standard deviation.  The higher the ratio, the
greater the degree of accuracy.  Given the form of the law of probability followed by the
estimator of the coefficient, it is considered that accuracy is good if Student’s T statistic is
higher than 2 (this threshold makes it possible to define a confidence interval of 5 per cent
for the estimator of the coefficient).

                                                     
3 The assumptions on which the econometric analysis rests.
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Characteristic effects and accuracy of the models

(estimates based on the 1992 housing survey) (1)

Variables
Global
model

model Individual house model Apartment building

Student’s T
sttatistic

Characteristic

effect ebk -1
Student’s T

sttatistic

Characteristic

effect ebk -1

Number of rooms
Dwelling of 1 room (1 and 2 rooms for individual
house)

-36.3 -12.5 -36.1% -35.2 -46.2 %

Dwelling of 2 rooms -29.9 -28.2 -30.1 %
Dwelling of 3 rooms -16.8 -6.2 -16.1% -15.1 -15.2 %
Dwelling of 4 rooms

Dwelling of 5 rooms 10.2 5.2 16.9% 8.6 17.4 %

Dwelling of 6 rooms or more 12.3 7.2 29.9% 10.2 46.2 %

Date of construction

Before 1948 -7.7 -7.6 -25.3% -2.8 -4.9 %

Between 1949 and 1967 -9.6 -4.6 -17.9% -7.1 -9.9 %

Between 1968 and 1974 -6.2 -3.0 -12.8% -4.6 -6.6 %

Between 1975 and 1981

Between 1982 and 1989 (1982 or after for
individual house)

14.7 2.7 11.6% 15.7 34.4 %

1990 or after 9.4 10.5 30.7 %

Rental sub-sector

Government-subsidised low-rent housing -46.9 -11.5 -28.9% -47.6 -41.2 %

Non-govt-subsidised low-rent housing -42.2 -7.4 -32.8% -43.5 -47.8 %

Mixed enterprises, non-trading property companies,
local authorities

-17.8 -9.3 -47.9% -16.5 -30.4 %

Corporations, insurance companies, banks -6.3 -2.8 -14.2% -5.8 -11.5 %

Other, excluding rent-controlled under French law
of 1948

Rent-controlled under French law of 1948 -15.9 -2.2 -9.0% -17.9 -34.3 %

Year of arrival of reference occupant

Before 1961 -13.1 -7.1 -32.1% -12.0 -25.3 %

Between 1962 and 1974 -11.3 -9.7 -33.8% -8.8 -13.6 %

Between 1975 and 1980 -7.7 -5.0 -18.7% -6.8 -10.1 %

Between 1981 and 1984 -3.7 -2.1 -7.9% -3.7 -5.6 %

Between 1985 and 1988

Between 1989 and 1991 6.7 4.2 13.3% 5.4 6.4 %

1992 or after 10.4 6.0 23.4% 8.4 12.1 %

(1) The reference modalities are italicised.
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III. IMPROVEMENTS MADE TO THE INITIAL MODEL

28. Prior to this study the coefficients of the model for the satellite housing account were estimated
on the basis of all dwellings in the rental stock.  Specified thus, the model explained barely
60 per cent of the total variance of rents.  Some refinement was therefore necessary.  The main
questions which the study attempted to answer were the following.

1) Should rent be explained or its logarithm?

29. The regression tests indicated that a model explaining the relative effects of the different factors
would be more suitable.  Thus the coefficient of determination R2 of the log-linear variant of the
model underlying the calculation of the central framework of the national accounts would be
0.38, as against 0.31 for the linear variant of the same model.  Similarly, the coefficient of
determination of the present model for the satellite account would go from 0.50, where the
dependent variable is the rent itself, to 0.60 where it is the logarithm of the rent.

2) Should rent per dwelling or rent per square metre of dwelling area be explained?

30. First it has to be said that to take rent per dwelling as an explanatory variable instead of rent per
sq. m. is in effect to weight rents per sq m. by floor areas of dwellings.  It would be preferable to
explain rents per sq. m., but it so happens that the area measurements provided by the surveys
frequently contain a wide margin of error, notably in the case of individual houses, which
impairs the quality of linkage between rent per sq. m. and floor area.  The regression tests
confirm that for individual houses the regression on rents per dwelling is better than on rents per
sq. m., whereas the opposite is true for apartment buildings.

3) Are all the modalities of the variables presently used significant?  Have any
important factors been left out?

31. Different attempts have been made to expand the initial model by introducing new explanatory
variables, but they have not led to any appreciable improvement in the quality of regression.

4) Should more homogeneous model bases be found?

32. The relationship between rents and the variables explaining them is closer the more
homogeneous the population observed.  Rather than estimate the model on the basis of rents for
all rented dwellings, it would be advisable to model more targeted sub-populations, such as non-
rent-regulated dwellings only, or a single type of housing (individual houses or apartment
buildings).  The housing surveys provide a sufficiently large sample of rental housing for the
accuracy of estimators to remain good when they are applied to more restricted bases.

33. Given that the European guidelines clearly specify that imputed rents are to be calculated on the
basis of rents for the private housing stock, it is preferable to estimate the model on this sole
base.

34. Another consideration is that rents for individual houses and those for apartment dwellings are
not explained in exactly the same manner.  In addition, since many more owners than tenants
occupy individual houses, separate modelling of the two types of housing would not only be
more faithful to the concept of “similar dwelling”, but it would also enable the global valuation
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of imputed rents to better reflect this shift in the owner/tenant pattern of the housing stock
according to dwelling type.

5) How to allow for the effect of tenancy length on rents when calculating the imputed
rents of owner-occupiers?

35. Econometric analysis confirms the important influence of tenancy length on rent levels.  Since
the steepest rent rises occur on changes of occupancy, tenants who have occupied the same
dwelling for a long time have lower rents to pay than later arrivals.  Put differently, for tenants
the price of the same housing service varies according to the length of occupancy of the housing
unit concerned.  This is a characteristic of the real home rental market.  The question is finally
whether the price of the housing service should depend intrinsically on occupier mobility.

36. Certainly the length of owner-occupancy is known and there is nothing formally to prevent it
from playing the same role in extrapolation as length of tenancy in analysis.  This is how the
imputed rents in the satellite housing account were estimated until now (valuation base 1980).

37. For different reasons it may be wondered if this part of the calculation should not be challenged?
From a purely computational standpoint, when length of owner occupancy is substituted for
length of tenancy in the econometric equation in order to calculate the imputed rents of owner-
occupiers, it is no longer the frequency of tenants’ moves which influences the value of these
imputed rents but the frequency of owners’ moves.  In other words the rents are calculated on the
basis of a notional home rental market in which owner-occupier households are less mobile than
tenant households.  Such a market is not really comparable with the real rental market.  Since the
average length of owner-occupancy is greater than that of tenancy, this method of calculation
underestimates the total sum of imputed rents relative to that of actual rents.  Furthermore, since
the proportion of home owners is rising, the result will be a relative decline in the combined
rents aggregate over time.

38. There are other ways of dealing with length of occupancy.  For example, it would be possible to
calculate imputed rents on the premise that actual rents are independent of tenancy length.  It
would be sufficient to adjust actual rents for the effect of this variable by setting a normative
duration of occupancy for all tenants.  The notional rental market for owner-occupiers would
then be comparable not with the real rental market but with a notional rental market in which all
tenants have had the same length of occupancy.  This method is based on the choice of a
normative length of occupancy and the impact of that choice on the rents aggregate is very
considerable.  If the rents paid by recent occupiers are taken as a reference, an estimated amount
of over FF 100 billion can be added to the French national accounts valuation base 1980 (which
is about FF 600 billion).  If the reference is taken to be the rents paid by households with
between four and eight years’ occupancy, the increment is only about FF 40 billion.  On the
basis of an average length of occupancy, the aggregate of actual rents and that of imputed rents
are comparable, whereas they are not if imputed rents are valued at rental market prices (rents
paid by recent occupiers).

39. One last solution would be to leave length of occupancy out of the econometric equation.  To
explain disparities in actual rents such an important factor has to be included, but the problem of
valuing imputed rents is different:  it is a matter of extrapolating rents to occupiers who do not
pay any.  And to do this, an incomplete explanatory model may suit, provided one knows how to
interpret it.
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40. To leave length of occupancy out of the equation means assigning to all owner-occupiers in a
stratum defined by the other variables the average length of tenancy in that stratum.  The
notional rental market for home-owners is then comparable with the real rental market, but it has
been implicitly assumed that home-owners in a given stratum have the same mobility behaviour
as tenants in the same stratum.  The resulting valuation is then about FF 70 billion higher than
the base 1980 figure.

41. This last treatment, and the one that standardises occupancy length, are the most consistent with
the spirit of the European guidelines.  They are not based solely on the concept of similar
dwellings, which is insufficient, but they only take rental market characteristics into account,
which is not the case with the base 1980 calculation, where owner-occupier mobility is
introduced.  Moreover, these two methods result in comparable amounts of imputed rents if the
uniform mobility is that of the average for tenants;  the second method, however, gives greater
weight to the imputed rents of new home owners4.  Since the central framework, and most
foreign countries, do not take length of occupancy into account in the valuation of imputed rents,
France will abide by that principle for base 1995.

Valuation of rents, base 1990, for the year 1992 (FF billion)

Actual rents Imputed rents Total

Main homes 207 382 589
Garages/parking spaces    6    5   11
Second homes  62  62
Total Metropolitan France 213 449 662

                                                     
4 They occupy dwellings whose characteristics are such that if they were occcupied by tenants, the latter would

be more mobile than the average and would therefore have higher rents.


