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PREFACE

This paper is concerned with comparing consumer expenditure
functions estimated from household budget data from two different years.
The data base is the Surveys of Consumer Expenditure of 1967 and 1973
carried out by the Central Bureau of Statistics. Some methodological
problems are also discussed.

The analysis was initiated when working with updating and reesti-
mation of ome of the tax incidence models of the Bureau, but has also

interest in a wider context.

Central Bureau of Statistics, Oslo, 16 June 1978

Petter Jakob Bjerve



FORORD

I denne artikkelen sammenlignes konsumutgiftsfunksjoner (Engel-
funksjoner) estimert pd grunnlag av data fra Statistisk Sentralbyrds for-
bruksundersgkelser for &rene 1967 og 1973. Noen metodeproblemer diskuteres

ogsa.
Analysen har sitt utspring i arbeidet med & tallfeste og oppdatere

konsumkoeffisienter i en av Byriets skatteinsidensmodeller, men har ogsd

interesse i en sté¢rre sammenheng.
Statistisk Sentralbyrd, Oslo, 16. juni 1978

Petter Jakob Bjerve
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1. TIntroducticn

Useful tools in analysing consumption data at the micro (household)
level are expenditure functions (Engei functions), describing in a con-
densed form the dependence of the composition of consumption on income
(total consumption expenditure), the number of household members, and
various demographic and socio—economic background variables. As prices
are usually exciuded from the list of explanatory variables, the data most
often used to obtain inference on consumer expenditure functions are house-
hold reports collected during a fairly short period, e.g., one year.

Estimation of expenditure functions may be of interest by itself,
since it represents a convenient data reduction. More important, such
functions are building blocks in several econometric models. For instance,
a model developed in the Central Bureau of Statistics for analysing the
incidence of simultareous changes in direct and indirect taxes, has a
complete set of estimated consumer expenditure functions as one of its main
components. (A formal presentation of the model is given in Bi¢rn and
Garaas [3].)

The present study was initiated when working with updating and
reestimation of this model. The methods and results, however, also seem
interesting in a wider perspective. The basic problem may be formulated
in the following way: Suppose there exist two complete sets of expenditure
functions: one estimated from data collected in the vesr 0, the other basedon
data from the vear 1. {The word 'compiete’ indicates that the function
cover all consumption commodities.) These functions might be regarded as
two entirely separated equation systems. However, economic theory tells
us that both data sets should be considered as generated by one common
system of consumer demand functions with prices as specified arguments.
This raises the following general question: How should we rationally

ctions in order to

compare the two sets of estimated expenditure

detect similarities and differences in the structure of comsumption in
the two years?

The data base of the study is two Norwegian household budget
surveys, relating te the years 1967 and 1973 respectively. The
theoretical model, including its stochastic properties, is set out in
chapter 2. <Chapter 3 contains a brief description of the data and some
remarks on the problem of estimation. Hmpirical results are given in
chapter 4; the two systems of estimated expenditure functions are
compared in four different ways. Finally, chapter 5 briefly summarizes

the findings.



2. Theoretical background

Our point of departure is the static theory of consumer demand.
With reference to this theory, we shall briefly state some general pro-
perties of a complete set of expenditure functions (section 2.1), and
give some remarks on its stochastic structure (section 2.2). Then we
shall discuss the parametric specification to be used in ‘the paper

(section 2.3).

2.1. The expenditure functions: general properties

Assume that the consumption goods are divided into N groups,
and let X denote the quantity consumed of the i'th group, P, its price

(index) and y total consumption expenditure,

(1)

[~

The unit of analysis is the household. The demand function of the i'th

good can be written as

(2) X, = fi(y, pl,....,pN) + v, (i=1,....,N),

where 4 is a stochastic disturbance, and fl""’f are functions supposed

N
to satisfy the "adding-up condition"

N
(3 I

. PiE (v, prseeespy) =Y

1
and the "homogeneity conditions"

™) fi(Ay, Xpl,....,ApN) = fi(y, pl,....,pn) i=1,....,N)
for all admissible values of Prse-esPysYs and A.

As is well-known, conditions (3) and (4) are ingredients of the
orthodox theory of consumer demand - the static theory of the utility-
maximising consumer who takes prices and total consumption expenditure as
exogenously given. For reasons given in section 2.3, we shall, however,
neglect the conditions of symmetry of the Slutsky substitution matrix

which are also elements in this theory.



From (1) - (3) we obtain

(5) Zpivi = 0.

When all prices are constants, the expenditure allocated to the i'th good,

(6) c. = p.x.,

is a function of y with disturbance p,vV.. If in particular P, takes the

T ,.
value P; (i=1,....,N), then

M g =r @ +ul Ge1,...m,

where

T, . _ T T T
(8) F1 (Y) - Pl fi(Y’ pl 3¢y pN )

is the expenditure function of the i'th good corresponding to the price

vector (plT,...,pNT), and

is its disturbance. Owing to (4), FiT(y) is homogeneous of degree one in

total expenditure and prices. Moreover, in view of (3) and (5), we have

(10) ZFiT(y) = y (identically in v),
i

T
(11) ?ui = 0.

2.2. Remarks on the structure of the disturbances

Suppose there exist observations on c < Cps and y(=Zci) from

120
two samples of households, collected in period no. 0 (the year 1967), and
no. 1 (the year 1973) respectively. We assume that all househoclds observed
. . . . T

in period no. T have been confronted with the same price vector (p1 yeeens

pNT) (T = 0,1). Possible price variations within the two periods are



10

assumed to be random (relative to the sample variation of total
expenditure); thus they may be absorbed by the disturbances.
Letting the subscript t indicate the number of the household

report (in each sample), we make the following assumptions:

(12) E(uiz) =0 for all i and tj; and T = 0, 1,

(13) E(ugu.l) =5 for all i, j, t and s; and T = 0, 1,

g..
]s ts 13

where Gts =1 for s = t, and 0 otherwise, and

(14) E(uigujl) = 0 for all i, j, t and s.

We consider y and the p's as non-stochastic variables. From (11) follows

(15) 201§ =0 (G =1,...,N; T =0, 1),

i

i.e., the covariance matrix (oi§) is singular. The assumption of no
correlation between disturbances relating to different household reports
from the same period (cf. (13)) seems reasonable in view of the technique
of random sampling used. Zero correlation between disturbances from
different periods (cf. (14)) is clearly realistic provided that no house-
hold is included in both samples. If, on the other hand, the samples have
at least one household in common, and if the disturbances contain "house-
hold specific" components, this assumption is violated. However, the
probability that some households are selected twice is negligible, as
each sample includes less than 0.4 per cent of the population of Norwegian
households.l)
One implication of the above assumptions is worth noting: From

(9) and (13) we obtain

_ T, T T . o
(16) E(Vivj) - Oij/(Pi pj ) (l, J - 1""’ N’ T O" 1)’

1) Stochastic specification of disturbances when using repeated samplin
with partly overlapping samples is discussed in some detail in Big¢rn | 2.



Combroing (I15) and (16) we cbserve that the covariance matrix of the v's
cannot, in general, be independent of the value ot ilie price vector.

Only ia the particular (and unintervesting) case wherve all prices change

in the same propociion from period O to period I, this possibility cxistm.z)
On the other hand, restricting the covariance matrix of the
sturbances Uitw to be the same for all observation points, 1l.e.
gijl = Gij for all i and i, would not beqin conflict with our specification.
Alternatively, the covariance matrix (Oijl) might be assumed to be indepen—
dent of the price vecter, but depending in a prescribed way on total expen-
diture. For instance, replacing (13) by E(u,?u.T) =3 y?u.. for T = 0, 1,
it js ts't 1]

where Xi“ij = 0 for all j, would imply homoscedasticity cof the disturbances

- . e . . . 3) .
of the expenditure functions when transforming to budgat shares. In this

paper, we shall, however, stick to the general specification (13).

2.3. Parametric specification ¢f the expenditure functious

The problem of specifying the expenditure functions parametrically,

may be approached in two essentially different ways: (i) specifving a com—
Py

plete system of demand functions fi which satisfy the adding-up condition
and the conditious of homogeneity and symmetry of the Slutsky substitution
matrix, and deriving the corresponding expenditure functions; and (ii)
choosing the parametric form of the expenditure functions "directly",
withont requiring "exact" consistency with maximisation of a parametri-
cally specified utility function.

The first approach, usually preferred by theorists, has the
drawback that it is not easy to find functional forms that satisfy all
the thecretical restrictiouns and are empirically flexible at the same time.
For instance, expenditure functions that are linear in total expenditure
ave theoretically acceptable, as they may be derived from e.g. the Stone-—
Geary or the quadratic utility functions.&) On the other hand, strict
linearity is not supported by cross section dataj almost universally this
hypothesis, if ‘tested, is rejected in favour of more flexible specifications,
e.g. ?olyngmials of higher order.

. . . ¢}
2) We suppose that the matrix (o;7) has rank N-1.

3) For a further elaboration of tﬁls point, see Bigrn [13, pp. 1-8.

4) Gorman [123 and Somermeyer{lhj nave studied the class of utilit
functions which imply linear expenditure functions. Pollak [lSﬁ has
delimited the class of additive utility functions with this property.
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For these reasons, our approach will be the second one. More
s e . . . T .
specifically, we approximate the '"true" expenditure functions Fi by cubics

in total expenditure,

T, . T T T 2 T 3 T
Qa7) Fo (y) = a4 Bi vty o+ di yo oWy

T . . . . . . .
where w. 1is a stochastic disturbance taking care of errors in approximation.
This specification is flexible, as cubics may show one minimum, one
maximum, and one point of inflection. On the other hand, expenditure
5)6)

functions of this form do not conform to constrained utility maximisatiom.

From (10) and (17) we get

18) I (o + 8Ty + YiTyz + siTy3 +w.1) =y (identically).
i _

We assume that

(19) Zwit =0, for all t.

This restriction, however, cannot, in contrast to (11), be justified from
theoretical considerations only: Even if the "true" expenditure functions
FiT(y) add to y identically, it is by no means obvious that their approxi-
mations should meet a similar constraint. When we deliberately desist
fromhaving all the restrictions of the demand theory satisfied simultaneously,
it may be questioned whether we should insist on keeping the adding-up
condition. This is the main reason why we distinguish conceptually between

the u's and the w's.

5) The latter statement is the author's conjecture. He has never seen this, nor
the contrary, rigorously proved.

6) Nasse [14 , and Carlevaro [6 have proposed recently generalizations of
the Stone LES model which relax the restriction of linearity of the
expenditure functions while retaining all the utility-theoretical con-
straints. The resulting parametrizations are rather complicated, however,
and they would hardly be of practical use withour rather detailed commodity
specification. It remains to be seen whether these géneralized Stone
functions are more successful in analysing cross section data than are the
LES functions on the other hand and our cubic approximations on the other.
Bojer [4], in a recent study based on more or less the same data as ours,
assumes strict linearity throughout. '
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From (7), (11), and (17)-(19) we get

T T T 2 T3 T

(20) ey sy v By R Y;Y Sy e,

where
T T T

(21) e, = ug + W,

, T _ T _ T _ T _ T _ _ ;

I IR DREL RN
1 1 1 1

We assume, tentatively, that

(23) E(wiz) =0,

T T T
oy _
(24) E(witsz) StsTij’
10y _
(25) E(witsz) =0,

and moreover that

T T T
L(w. u. = g ..
(26) hkwltugs) tsulj’
~ 10 L L
(27) E(w. u, ) =0 (for all i, j, t, s, and T = 0, 1),
it js

This in combination with (12)-(14) implies

(28)  E(e,) =0,

T T T T ) T
(29) h(altejs) = éts (Oij + Uij + U]l + 113) éts i3
1 0 P _
(30) E(e tgjs) =0 (for all i, j, t, s, and T = 0, 1).

—

" . . 1 0 . 1
Notice, in particular, that we may have ?\il- # )\ij even 1f O‘ij = Jo.o

]
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Our attention so far has been confined to the parametrization of
the effect of the income variable. The effect of the number of hcousehold
members, their ages and socio—economic background variables - i.e., the
variables supposed to account for the main differences in household prefer-
ences - is represented by "barametrizing" the constant term and the

coefficients of the linear and the quadratic term as follows:

f; L A R 2%
i io "/ 11k%k T %42 0
T T T .
(31)§ B, =By * By, i=1,..., N,
T _ T . T
Yi Yio T Yi1™s
—

where n denotes the number of household members, and z, are binary variables

reflecting type of household (single person, married cguple with 0, 1, 2,...
children etc.; 10 variables), occupation of the head of household (wage
earner, self-employed etc.; 3 variables), and geographic location (2 variab-
1es).7)

The resulting expenditure functions may be considered as cubics in
total expenditure (y) and the number of household members (n) after having
deleted the terms in n3 and nzy and modified the constant term. They are
truncated Taylor series expansions of the underlying, unknown functiouns
FiT in analogy to e.g. the'trans-log function'. The latter has been
frequently used in describing consumer demand and producer cost structure
empirically, despite the fact that this function can at most be a second-
order logarithmic approximation to 'true' theoretical functions. Our

expenditure functions should be interpreted in a similar way.

7) Notice that the number of household members is one of the characteristics
used in defining the household types. Hence, in order to avoid (exact)
multicollinearity, n should not be specified as a separate argument
when "parametrizing" the constant term a; . Notice also that the
geographic binary variables may, to some extent, reflect geo-
graphic price differences.



3. Data and estimation

The data base contains individual househcld reports from the
Norwegian Surveys of Consumer Expenditure of 1967 (T = C) and 1973 (T = 1).
The two surveys are identically designed in almost all respects, the main
difference concerns the length of the pericd of reporting. The households
participating in the 1967 survey were asked to report their consumption
expenditures during a period of one month; in the 1973 survey the period
of reporting was two weeks. However, for certain commodities purchased
rather infrequently, e.g. durables, the reports give the value of pur-
chases during the year prior to the month, respectively the two weeks, of
registration. All items are converted to a per annum basis. The two
samples include 3 645 and 3 363 households respectively.s)

Expenditures on purchases of transport equipment (mainly motor
cars) are excluded from consideration. As this is by far the most impor-—
tant group of durables?) with considerable individual variation in
expenditures, inclusion of this component would tend to make y a poor
indicator of the total value of consumption services. The remaining
total is divided into N = 45 commodity groups; see table 1.

The price data are obtained from the basic data used in the
construction of the Official Consumer Price Index.

The two sets of expenditure functions (20) (with (31) inserted) are
estimated by application of (unconstrained) ordinary least squares (OLS)
to each equation separately. If the coefficients are considered as free
parameters - only subject to (22), which OLS estimates satisfy automati-
cally - other methods would give no gain in efficiency. This is due to the
fact that all equations contain the same vector of exogenous variables.

In such cases, OLS, the Aitken generalized least squares method, and the
Maximum Likelihood method yield identical results.lo)

Otherwise, if the coefficients were restricted in some way, a gain
in efficiency might be obtained. Generally, the homogeneity and symmetry
constraints of the demand theory imply not only restrictions between
coefficients relating to the same year, but also restrictions on the change
of coefficients over time. This sort of restrictions, however, could be
utilized efficiently only if we were in a position to specify parametri-
cally the change in the disturbance variances and covariances between the
two years. This is rather difficult, however, owing to the change in the

1)

length of the period of reporting.l

8) More detailed information is found in [7], and ES].

9) Its average budget share was about 4 per cent in 1967 and 6 per cent in
1973. T

10) Cf. Zellner [18], p. 351. The fact that our disturbances €5 have a
singular covariance matrix {(cf. (22)) does not affect this conclusion.

11) See section 4.3, in particular footnote 15, below.
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4. Empirical results

The two sets of estimated expenditure functions may be compared
in a variety of ways. We shall confine our attention to: (i) a direct
comparison of coefficient vectors (section 4.1); (ii) a comparison of the
implied "average" values of budget shares and expenditure elasticities
(section 4.2); (iii) an analysis of the residual standard errors of estimation
(section 4.3); and, finally, (iv) an attempt to use the functions estimated
from the 1967 sample in "forecasting" the ‘1973 functions, paying regard to
the price changes betwéen the two years (section 4.4). Hopefully, by
concentrating on different aspects, we will not only gain useful insight,
but may also call attention to general problems involved in comparing micro

data collected at different points of time.

4.1. Comparison of coefficient estimates

The most straightforward way of comparing the coefficient estimates

for 1973 with those for 1967 is perhaps to examine the structure of their
ratios. A glance at table 1, containing the ratios of ﬁiT; Yig’ Yi{’ Big,
Bi?’ and aig, and table 2, showing their frequency distributions, reveals
considerable variation. Table 1 gives in fact a rather "chaotic" impression.
In table 2, only the ratios éil/ﬁio are concentrated; 38 of the QS values
belong to the interval (-0.1, 0.1), i.e., the absolute value of the
coefficient of y3 in 1973 is less than 1/10 of the corresponding one in

1967 for more than 80 per cent of the commodity groups. The ratios of the
y's (i.e., the coefficients of y2 and nyz) and those of the B's (i.e., the
coefficients of y and ny) belong to the interval (-1.0, 1.0) for the majo-

rity of commodity groups. The median values of the coefficient ratios

are
1 0
r = = 1
Mm2 mid (aiz/aiz) 1.5887,
M =med (8.1/8.9) = 0.4477
Bl i 117741 : ’
_ 1,0, ,
Myo mid (8;0/6;) = 0-6826,
(32)
- 1, 0y _
MYl = mid (Yil/Yil) = 0.0339,

) 1,0, _ o o
MYO = med (yio/yio) = 0.0593,

i
1,.0

Efs = med (Gi /Gi ) = -0.0012.
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fable 1. Coefficients in 1973 divided by coefficients in 19673)
. Commodity 1 o 1 o 1 o 1 o 1 o 1 o
' _grow 5 /5 YiolMio  Bio/%io Ynr/Yir Bun/Bin %52/%p
1 Flour,
grain ..... 0.06653 ~-0.08195 -0.25316 =-0.89026 71.41012 1.58870
2 Bread, cake 0.02528 13.36593  1.52310 0.38695 0.69284  -85.92051
3 Meat, eggs 0.04019  0.21416 0.68262 0.18494  0.62516 -3.79576
4 Fish ...... -0.01011 -0.11794  0.23560 0.01558 0.33037 1.74174
5 Canned food  0.07479 -0.33240 -1.41253 0.18089 0.47778 1.08664
6 Milk, cream 0.01071 0.00625 0.00876  0.20767 0.30485 22.06306
7 Cheese .... 0.02107  ©.33329 1.18619 0.05074 0.34619 1.45187
8 Butter .... 0.05265 =-0.43312 -0.18859 1.52954 2.06474 -7.56441
9 Margarine . 0.02775  0.02244 0.32787 0.76407  0.46734 1.57110
10 Fresh vege-
tables .... 0.00040  0.17464 0.53507 -0.25032  0.28471 5.15773
11 Fresh fruits 0.05532  (.02482 0.19460 0.31896  0.54642 1.08439
12 Preserved
vegetables
and fruits -0.18252 -0.73431 1.65504  0.25916  0.66364 -0.78723
13 Potatoes .. 0.49425 0.09530 0.32926 =-0.15675 =-8.01033 -0.84599
14 Cocoa,
chocolate . 0.07034 -0.75732 ~1.43750 0.43140 0.66887 3.06706
15 Sugar,
coffee,
tea, ice-
cream etc. -0.10884 -0.44792 -0.36593 ~1.13158  0.15710C 21.30060
16 Mineral
waters .... =-0.01430 0.04308 37.97834 1.20852  5.14653 1.98690
17 Beer ...... -0.01813  0.01095 0.30995 -0.40066 -1.99379 2.33969
18 Wines and
spirits ... 0.02649  0.06717 3.21751 0.37551 0.42401 2.52719
19 Tobacco ... -0.03732 0.48789 0.58851 0.02838 -0.19675 0.72353
20 Clothing .. =-0.00031 -1.30043 1.27813  0.59021 0.02225 -3.59371
21 Cloths,
yarn ...... -0.13575 1.71355 1.13865 6.62775 0.79244 -8.02677
22 Footwear .. -0.04704 1.16751 0.89815 -0.41614 3.28934 5.57787
23 Housing and
maintenance -0.04945  0.79281 0.98846 ~—0.34442  0.57418 93.19627
24 Electricity  0.00170  0.56353  0.73656 -15.35295  8.58740 8.39616
25 Fuel ...... =0.14567 0.54177 1.14383 1.41668 3.02858 3.84441
26 Furniture,
household
textiles etc. 0.01402 0.03463 0.83239 0.82228 -0.08163 -109.58376
27 Electric
appliances,
tableware
etc. ... ~0.00453  0.05606  0.52006 -0.29279 -0.57484 4.25383
a) The ecquations estimated are: c¢. = constant and dummy shift terms + B.Ty +
Y Tvz + B Tnv + L2 + 6 T3 0y Ty + el e
107 1T %07 Y YW £y
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Coefficients in 1973 divided by coefficients in 19672)

i

Commodity
group

1
8,718,

o

o
Yio/yio

1 o
8,018,

10

1 o
vi1/¥41

1 o
Bi1/8i1

1 o
a9/%59

28

29

30
31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

Misc. house-
hold goods
and services

Domestic
services ..

Medical care

Petrol and
oil .......

Maintenance
of trans-

port equip—
ment ......

Public
transport
services ..

Postal,
telephone
and tele-
graph ser-
vices .....

Television
and radio
sets ......

Recreation
equipment .

Public
entertain-
ment ......

Books, news-—
papers ....

Magazines
and periodi-
cals ......

School fees

Cosmetic
articles ..

Other toilet
articles ..

Travel goods,
jewellery
etc. ......

Restaurants,
hotels ....

Financial
and other
services ..

-0.01434

0.00214
0.04436

-0.07049

0.07572

-0.05811

-0.08957

0.00759

0.01400

0.07938

-0.07437

0.00874

-1.01285

-0.02219

-0.02855

-0.00118

-0.01112

-0.18973

0.31313

-0.10284
-1.93808

-1.57752

0.05931

12.37241

0.66346

0.24432

-0.03267

1.24234

0.23870

0.09883

-1.35004

-0.36008

4.78612

-0.06753

0.42801

1.02209

0.72770

2.58653
2.50963

1.32492

2.45363

-0.81660

0.50092

0.97190

-0.74319

1.33218

0.42129

0.30023

-3.09511

1.32524

1.34140

-1.95724

0.84285

-1.32698

5.14589

0.04627
0.83551

-0.02376

0.73978

-2.31054

-0.23278

-0.16782

-0.08216

0.24159

-0.17383

-0.06203

-1.10815

-0.10204

-2.20462

11.41234

-0.50096

0.03389

-0.06461

-0.06743
5.19444

-1.14344
1.50173

-2.54150

-0.83333

-0.42675

0.51234

0.87968
-0.67697
0.44769
-1.13201
-2.53202

-0.25484

0.73055

1.40818

9.87319

13.05756

4.52432
-1.92135

0.85286
0.38330

-0.26207

-5.52092

6.96639

-0.36392

0.64193

4.46355

1.05552
8.70024

1.81571

1.99508

25.06723

0.32917

2.33227

a)

. . . T
The equations estimated are: ¢, = constant and dummy shift terms + Bioy +

T 2

T T 2
. + . . .
YioY Bllny * %30 * 61

T

T
3
y2 o+ Y1y

2 +

T
i
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a) The equations estimated are: c.
? T2 T, T2 g3, T 2 0¥
LA > A T Yymy ToE
7 belong to the interval (~0.1, 0.0).
e 21 belong to the interval (

avic

How could we

and accentuated in (32)7 We notice that if

then their constant terms should be i
5 3
- im0 . - F4 . ~ \ -
coefficients of vy, vy~ and y  homogencous of degrees O, -1, and -2,
respectively. Let us consider a specification which satisfy these

19
_ . . . . L o L1y
restrictions without viclating the adding-up constraint, viz. N

i

-
.
~d

12) In general, this parametrization is incowpatible with constrained
ility maximisation, according to the vesults of Tourgeaud and Nataf

. Moreover, the price responses are rather rigidly described: Price

inges affect the budget shares at cu only through their

on the general price index P.
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with

vhere P’ = P(plT,...,pNT) is a price index homogeneous of the first degree.
Taking (33) as a reference, we should expect the ¢onstant terms to
increase more or less inproportion with the general price index P, the
coefficients of the linear terms to be approximately unaffected, and the
coefficients of the quadratic and cubic terms to decrease in inverse
proportion with P and P2 respectively. The "theoretical" values of the

coefficient ratios corresponding to (33) are

-
0. 0.0 = pl = 1.4441,
1 1
g.1/8.° = 1.0000,
1 1
(363
1 0 _ I 1 _
Y5 /Yi = 1/P° = 0.6925,
sil/xsio = 1/¢YH? = 0.4795, (i=1,...,N),

13)

when representing P by the Official Consumer Price Index and imposing

the normalization P0 = 1. The median Ma is somewhat higher than its

"theoretical counterpart", the five othei ones are lower. The ranking of
the medians, however, concurs with the ranking of the theoretical ratios.
Thus, to some extent, the overall pattern of change of coefficients is in
accordance with the homogeneity restriction of the demand theory. But as
the values in (32) and (34) differ considerably, the results hardly support
the simple parametrization (33).

Certainly, a formal test of whether the two sets of expenditure
functions have been produced by the same set of demand functions would
have been of interest. The well-known test of equality of two vectors of
regression coefficients proposed by Chow [9] comes to mind. (This test
would require - provided we take (33) as the null hypothesis - a deflation
of all expenditures by PO and P1 respectively before running the regressions.)
13) This is a Laspeyres index with weights approximately equal to the budget

shares of the average household in 1967 as estimated from the Survey of
Consumer Expenditure of that year.
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However, the Chow test uses equality of all disturbance variances in both
samples as an essential assumption. This is hardly satisfied in the
present case because of the change in the length of the period of reporting.
(See section «.3.)

4.2, Comparison of estimated "

elas

average' budget shaves and expenditure

It is not easy to see the practical consequences of the results
rveported above. Estimates of the implied values of budget shares and
expenditure (lingel) elasticities give useful additional information.

Table 3 conta.ns estimates for a married couple with one child and with a
total expenditure of N.kr 40 000 in 1973 and N.kr 27 699 = 40 000 PO/Pl in
1967. This roughly corresponds to the "average' household.la) We let

the value of total expenditure considered increase proportionally with the
consumer price index, since the homogeneity restriction of the demand
theory implies zero homogeneity in prices and total expenditure of all
tbudget shares and expenditure elasticities.

The estimates agree more closely than might be anticipated from
tables 1 and . The difference between the estimated expenditure
elasticities ©s less than (.40 for 37 of the 45 commodity groups;
in this respect, the majority of food categories perform particularly well.
However, for certain commodities, e.g. 36 Recreation equipment and 40
School fees, we find considerable discrepancies.

The average absolute value of the difference between the estimated
budget shares is about 0.004. In some cases, e.g. groups 26 Furniture,
household texiiles etc. and 36 Recreation equipment, the differeuces are
disappointing y large. Again, most of the food categories pevform rather

well. Of course, the chaunge in relative prices from 1967 to 1973 way

partly accoun: for the changes in budget shaves veported; our procedure
pays regard only to the effect of the change in the general price level. In

section 4.4, ve attempt to caryy this analysis a step further.

14) The average household in the 1967 sample contained 3.43 pevsons with
a total consuiption expenditure of N.kr 20 766.57. In the 1973 sample,
the corresponding averages were 3.08 persons and N.kr 35 696.35.
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Table 3. Average estimates of budget shares and expenditure elasticities

Expenditure

. . Budget share elisticity
1  Commodity group 2) 5) 2) )

1967 1973 1967 1973

1 Flour, grain .....covvvuiinnnnnnn. ceen 0.0052 0.0044 0.08 0.25
2 Bread, cake ..... Ceeeen eerees e 0.0183 0.0204 0.37 0.35
3 Meat, €8BS cevreeteretiiincoanaans v 0.0824 0.0751  0.65 0.71
G Fish viiiiiiiiiiiiniininnnneennnnnnns 0.0176 0.0157 0.36 0.41
5 Canned food ........... e e 0.0061 0.0053 0.41 0.56
6 Milk, cream ............ e teeeeeae .. 0.0284 0.0238 0.28 0.16
7 CheesSe tiveeeininneonerenncnennnnnans 0.0081 0.0079 0.43 0.40
8 BULLEY tvvivnrrrnnacannenns sesseensns . 0.0042 0.0026 0.72 0.68
9 Margarine ......... et eeteee e 0.0073 0.0057 0.20 0.28
10 Fresh vegetables .......ccvevveennnnn 0.0101 0.0102 0.63 0.55
11 Fresh fruits ......ovvevvennnn. e 0.0176 0.0149 0.70 0.45
12 Preserved vegetables and fruits ..... 0.0161 0.0152 0.74 0.74
13 Potatoes eeeeieerinvnnesncsannnsnnnson 0.0099 0.0079 0.43 0.69
14 Cocoa, chocolate ...veevevnnnnnn. e 0.0087 0.0074 1.04 0.59
15 Sugar, coffee, tea, ice-cream etc. .. 0.0294 0.0278 0.40 0.32
16 Mineral waters ....eeeoeeo.. Ceeereeae 0.0062 0.0095 1.34 0.77
17 BEer tvvivrienrententrncnnnneanaannns 0.0056 0.0074 1.43 0.96
18 Wines and Spirits ...eeeeeve.n.. e 0.0137 0.0087 2.60 2.25
19 TobacCCo vevvvivueeennenannns P 0.0200 0.0208 0.63 0.60
20 Clothing weveeeevrneenennennannennnns 0.0916 0.0865 1.26 1.11
21 ClothS, yarn v..eeeeeeeenesnnnenaanan 0.0141 0.0134 0.96 0.75
22 FOOLWEAY vvuvvneneennrnnennansaneans 0.0225 0.0164 1.06 1.38
23 Housing and maintenance ............. 0.0838 0.0971 0.96 1.09
24 Electricity .eeeeeen.. ceesseacnnssns . 0.0236 0.0227 0.37 0.23
25 Fuel ...ovivinennns e Ceeeeee 0.0168 0.0111 0.30 0.50
26 Furniture, household textiles etc. .. 0.0453 0.0632 1.38 1.03
27 Electric appliances, tableware etc. . 0.0410 0.0351 0.85 0.95
28 Misc. household goods and services .. 0.0188 0.0198 0.79 0.72
29 Domestic Services ......eeee.nn e 0.0075 0.0134 1.16 0.87
30 Medical cAre ..vieierrnnnronensnnanans 0.0201 0.0232 1.50 1.70
31 Petrol and oil ...iviuininiiiiennnnnns 0.0363 0.0445 1.09 0.83
32 Maintenance of transport equipment .. 0.0397 0.0426 1.66 2.28
33 Public transport Services ........... 0.0264 0.0207 1.88 2.62

34 Postal, telephone and telegraph

SErvices s..ieeeeiinnn F N 0.0147 0.0158 1.46 1.57

35 Television and radio sets ........... 0.0167 0.0155 0.64 0.73
36 Recreation equipment ....oeeeceeeesn. 6.0326 0.0493 2.38 1.16
37 Public entertainment ........ e 0.0191 0.0249 1.22 0.84
38 BoOKS, NeWSPAPETrS ...ivevrevesnannnns 0.0137 0.0186 1.15 0.86
39 Magazines and periodicals ........... 0.0066 0.0062 0.71 0.51
40 School fees ........... e 0.0046 0.0001 4.67 10.01
41 Cosmetic articles ......... e ceen 0.0064 0.0072 1.24 1.00
42 Other toilet articles ....eeeeececen. 0.0136 0.0158 0.83 0.69
43 Travel goods, jewellery etc. ........ 0.0176 0.0174 1.94 1.48
44 Restaurants, hotels .......ovvveueeens 0.0338 0.0218 2.28 1.89
45 Financial and other services ........ 0.0183 0.0067 1.63 1.97

a) Calculated from the estimated expenditure functions for married

couple with one child and total expenditure N.kr 27 699.

b) Calculated from the estimated expenditure functions for married couple
with one child and total expenditure N.kr 40 000.
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4.3. Analysis of residual standard errors

Estimates of the residual coefficients of variation (i.e., the
residual standard errors divided by the corresponding sample average of
expenditures) are given in the first two columns of table 4. (The estimate
of (XiiT)% is denoted by iiT.) Not unexpectedly, a considerable part of the
individual differences in consumption expenditures is "unexplained"; the
number of commodities with coefficients of variation below unity is only
12 in 1967 and 7 in 1973. More interesting is the fact that these
coefficients are definitely higher in 1973 than in 1967 for the majority
of commodities, showing a decrease in 3 cases only. To some extent, this
increase is certainly due to the reduction of the period of registration

15)

from one month in 1967 to two weeks in 1973. The ratios of the estimated

residual standard errors, reported in column 3, are well above unity for
all commodity groups; the corresponding variance ratios vary from 1.94 (for
group 6 Milk and cream) to 16.17 (for group 32 Maintenance of transport

equipment). Using a 1 per cent F-test, this implies rejection of the

1
hypothesis Xii = Xig for all commodity groups.‘6)

Can we find a systematic pattern in the increase of the residual
standard errors from 1967 to 1973? 1In particular, is this increase corre-
lated with the increase in (i) the volume component and/or (ii) the price

component of the expenditure? By using a non-parametric method based on

J

the Spearman rank correlation coefficient17 , such tests can be carried
out rather easily. The ratios of the estimated standard errors, the
expenditures at 1967 prices, and the price indices, as well as the corre-
sponding ranks are reported in colums 3-8 of table 4. Letting Xi denote
the rank of the standard error ratio of the commodity group with number i
when ranking according to the expenditure ratios (E;l/(pi 1Eio)), the rank

correlation coefficient may be written as

15) This may be justified as follows: Households do not purchase consumer
goods continuously, but at discrete points of time. It seems sensible,

as a first approximation, to represent the activity of purchase by a
"Poisson process', such that the number of purchases during a period of
length ¢ has a Poisson distribution with parameter )8, where the "intensity"
A is a function of income, prices, transaction costs etc. It then follows
that the coefficient of variation of the expenditure, conditional on

income, prices, transaction costs etc., is inversely proportional with

the square root of 6, provided all purchases during the period have the

same value. (For a general description of the Poisson process, see e.g.
Sverdrup [ 17, Ch. VIII. 3].) 1

16) Of course, this does not necessarily justify acceptance of o,. 56,9
(ef. (29)). It may be that the cubics (17) approximate the true 11
expenditure functions F? less well in 1973 than in 1967 (Tii1>Tii ),
owing.to the reduction of the period of reporting. The variances of u;
and u; may still be equal.

17) See Kendall and Stuart [13, par. 3i. 19-31. 23].
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Table 4. Residual coefficients of variation. Ratios of residual standard
errors, average expenditures, and pricesa), b
Residual Ratio of Ratio of expen-— Ratio of
coefficient res.std. ditures at price
. Commodi ty of variation errors 1967 prices indices
group 1967 1973 ay o~
—L === 21,70 -1 1- 0 1
"0 -0 1 -1 Ai/ki rank c; /(pi g ) rank P; rank
X./c. A./c.
i"ti i
1 Flour, grain. 1.100 1.461 1.3976 44 0.9182 36 1.1452 45
2 Bread, cake . 0.607 0.751 1.8693 30 0.9391 34 1.6084 9
3 Meat, eggs .. 0.640 1.099 2.3620 18 0.9308 35 °1.4788 18
4 Fish ........ 0.851 1.015 1.6724 39 0.8454 41 1.6587 6
5 Canned food . 1.177 1.456 1.7009 38 0.8570 40 1.6035 10
6 Milk, cream . 0.420 0.466 1.3932 45 0.9526 31 1.3168 36
7 Cheese ...... 0.714 0.852 1.7429 37 1.0515 25 1.3895 28
8 Butter ...... 1.238 1.660 1.7631 36 1.1034 23 1.1918 42
9 Margarine ... 0.584 0.953 1.9563 28 0.8893 38 1.3488 33
10 Fresh vege-
tables ...... 0.890 1.035 1.8681 31 1.0051 29  1.5985 11
11 Fresh fruits 0.766 0.862  1.4454 42 0.9432 33 1.3619 31
12 Preserved
vegetables and
fruits ...... 1.115 1.303 1.8280 .34 1.1148 22 1.4034 26
13 Potatoes .... 1.182 2.016 2.2297 22 0.7015 42 1.8648 2
14 Cocoa, choco-
late .ovvnn.. 1.060 1.158 1.5231 41 0.9760 30 1.4285 22
15 Sugar, coffee,
tea, ice-
cream etc. .. 0.494 0.968 3.1840 6 1.0470 26 1.5517 14
16 Mineral waters 1.269 1.278 2.5402 11 1.9375 1 1.3020 41
17 Beer ........ 2.182 2.085 2.4187 15 1.9082 3  1.3263 35
18 Wines and
spirits ..... 2.395 2.596 2.6744 10 1.7302 5 1.4264 23
19 Tobacco ..... 1.063 1.167 1.8659 32 1.1849 19 1.4355 21
20 Clothing .... 0.775 1.164 2.3295 19 1.1322 21 1.3704 30
21 Cloths, yarn 1.667 2.629 1.9739 27 0.9122 37  1.3712 29
22 Footwear .... 1.389 2.178 2.2144 24 0.9468 32 1.4911 16
23 Housing and
maintenance . 1.024 1.591 3.5825 3 1.6464 7 1.3996 27
24 Electricity . 0.496 0.458 ° 1.4110 43 1.0775 24 1.4172 25
25 Fuel ........ 1.057 1.601 1.6215 40 0.6841 43 1.5645 12
26 Furniture,
household
textiles etc. 1.403 1.578 2.2191 23 1.4566 11 1.3543 32
27 Electric
appliances,
tableware etc. 1.389 2.313 2.2572 - 21 1.0392 27 1.3051 39

mean of the expenditure respectively of the i'th commodity in period T.
b) pio = 1 for all i.

N - T . .
a) AiT and c; denote the estimated residual standard error and the sample
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Residual coefficients of variation.
standard errors, average expenditures, and pricesa), b)

Ratios of residual

Residual Ratio of Ratio of expen— Ratio of
coefficient res.std. ditures at price
. Commodity of variation errors 1967 prices indices
group 1967 1973 il/io Y 1/( 1-0 .
;0~0 I1,-1 i/Ay ramk ey /Py Ci) pank P rank
A./cs M. /c. i
i'71 i1
28 Misc. house-
- hold goods and
services .... 0.798 1.380 2.9379 7 1.2917 17 1.3158 37
29 Domestic
services .... 4.938 5.866 2.7183 9 1.1630 20 1.9676 1
30 Medical care 2.158 3.475 3.3542 5 1.4261 12 1.4606 19
31 Petrol and
0il t.iuvinnnn 1.489 1.214  2.0597 25 1.9252 2 1.3120 38
32 Maintenance
of transport
equipment ... 1.885 2.917 4.0213 1 1.8249 4 1.4243 24
33 Public trans-
port services 1.604 2.962 3.7326 2 1.3968 13 1.4476 20
34 Postal, tele-
phone and
telegraph
services .... 2.491 3.633 3.3740 4 1.3495 14 1.7144 3
35 Television
and radio
SEtS cieinn.n 2.493 2,990  1.8415 33 1.3073 16  1.1744 43
36 Recreation
equipment ... 2.240 2.488 @ 2.4926 13 1.7219 6 1.3032 40
37 Public enter-
tainment .... 1.645 1.714 2.5087 12 1.6078 9 1.4976 15
38 Books, news-—
PAPErS ..v.u.n 1.676 1.943 2.4034 16 1.2148 18 1.7069 4
39 Magazines and
periodicals . 1.005 1.593 2.3250 20 0.8717 39 1.6830 5
40 School fees . 5.602 10.482 1.8064 35 0.5922 44 1.6301 8
41 Cosmetic
articles .... 1.389 1.601 2.4643 14 1.5955 10 1.3361 34
42 Other toilet
articles .... 1.005 1.224 2.3878 17 1.3160 15 1.4896 17
43 Travel goods,
jewellery etc. 2.929 3.078 1.9756 26 1.6334 8 1.1508 44
44 Restaurants,
hotels ...... 1.771 1.992 1.8875 29 1.0252 28 1.6375 7
45 Financial and
other ser-
vices ....... 4.100 17.519 2.8066 8 0.4206 45  1.5614 13

a) AiT and EiT denote the estimated residual standard error and the sample

mean of the expenditure respectively of the i'th commodity in period T.
piO =1 for all i.

b)



26

N
r = 1- ““j%f‘"‘ I x-i)2
N (-1) i=1

Then, the test statistic

has an approximate Student distribution with N-2 = 43 degrees of freedom
when the two variables are independently distributed. From table 4 we

get

r = 0.5491, t = 4.31.
S S

In the same way, we find

r_ =0.1302, t = 0.86,
S S

when testing for correlation with the price ratio. As the critical Student
value at a 1 per cent level is 2.42, the first hypothesis is rejected, the
second is not.

Thus, there is evidence of heteroscedasticity in the following
overall sense: The commodities with the largest increase in the residual
standard errors from 1967 to 1973 have, by and large, had the largest
increase in the average volume of consumption. On the other hand, the
results do not indicate correlation with the price component of the
expenditures. It should be admitted, of course, that the above analysis
only gives a summary impression of the kind of heteroscedasticity in-
volved. To get more precise conclusions, a detailed examination of the

individual residuals would be needed.
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4.4, Comparing estimates of expenditures based on the 1973 expenditure
functions with estimates based on updated 1967 functions

Finally, we shall examine the predictive performance of the
estimated 1967 expenditure functions. More precisely, we shall compare
two sets of estimates of expenditures in 1973: a) estimates derived from
the expenditure functions for this year, and b) estimates based on up-—
dated 1967 functions, paying regard to the observed changes in prices
from 1967 to 1973. This is a more sophisticated, and in some way more
satisfactory approach than that followed in section 4.2.

Let ciO(y) and cil(y) dencte the estimate of the expenditure on
good i of a household with a total expenditure equal to y, as calculated
from the expenditure functions for 1967 and 1973 respectively, and let
cin(y) denote the corresponding estimate based on the expenditure
function for 1967 updated from 1967 to 1973. The method of updating used
relies on the Frisch method ¢f estimating a complete set of Cournot price
elasticities. It is described in some detail in the Appendix. The

. . 18)
corresponding estimates of budget shares are

0 < \ 1
a; (y) = cio(y)/y, ail(y) = cil(y)/y, a?l(y) = c: W /y

As a summary measure of the quality of the updating (the "pre-

diction error") we use

~ o 5l 1 _ %l |
U = U(y) ?}di (y) a; i,

U = 0 indicating "no prediction error'. Values of U, as well as the
corresponding average U/N, are given in table 5; part A showing the
variation with total expenditure for a married couple with one child (i.e.,
the approximate "average' type of household in the sample), part B

showing the variation with tvpe of household for a total expenditure of
N.kr 40 000 (which is approximately the average expenditure of the
households in the 1973 sampie). The average error U/N is about 0.4 per
cent units for the average household; it is considerably larger for
households strongly different from the average.

18) For simplicity, the superscripts on y used in the Appendix are
omitted.
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In relation to the level of the budget shares, the lack of preci-
sion is substantial. Since U/N is the average error, and the average
budget share is 1/n, U simply indicates the relative error of the up-
dated budget shares. Its value varies from 17 to 38 per cent for the
households represented in table 5. This result, of course, should be
interpreted with regard to our comparatively disaggregated comquity
classification. A more aggregated specification would prﬁbably result in
lower values of U (but not necessarily lower values of U/N).

Values of the differences ai - a?l as calculated for the average
household are given in table 6. The absolute difference is largest for
groups 26 Furniture, household textiles etc. (0.0182), 36 Recreation
equipment (0.0151), and 23 Housing and maintenance (0.0135). On the other
hand, the difference is less than 0.005 for 32 of the 45 commodity groups,
including 14 of the 15 groups of food (the exception being group 3 Meat,
eggs). Thus, the food commodities pass this test rather well, as was
also the case with the tests in section 4.2.

Finally, it is interesting to compare the performance of the
"predictor" a?l with the performance of naive "forecasts'". A naive way
of forecasting consumption expenditures in 1973 from expenditure
functions relating to 1967 would be to assume that all budget shares,
given the values of the background variables, depend on total real
expenditure only, i.e., using aio(y/Pl) (with P1 indicating, as before,
the average consumer price index in 1973, PV = 1) as a "forecast" of ail(y).
Confining attention to the average household only, we find that [ail(y)—

aio(y/Pl)lis greater than Jail(y) - a?

1(y)l for 25 of the 45 commodity
groups; the sums of the absolute errors are 0.1842 and 0.1832 respectively.
Thus, on the average, the sophisticated method, which pays regard to the
change in relative prices, performs only slightly better than the naive

one, which neglects the price response.
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Table 5. Summary measures of the precision of the updating (the "pre-
diction error")

A. Variation with total expenditure; married couple with one child

Total expendi-

ture, Nkt 10 000 20 000 30 000 40 000 50 000 60 000 80 000
U eeeennn. . . 0.3784 0.2774 0.2084 0.1832 0.1752 0.1770 0.2582
(174 I 0.0084 0.0062 0.0046 0.0041 0.0039 0.0039 0.0057
max|a. -a, | 0.0358 0.0274 0.0226 0.0182 0.0171 0.0219 0.039%%

B. Variation with type of household; total expenditure N.kr 40 000

Married

counle Married Married Married
Type of household Single 'EEL't couple, couple, couple,
withou 1 child 2 children 3 children
children
U eivivnnnnns e 0.2396  0.1678 0.1832 0.2308 0.2102
U/N oo, . 0.0053  0.0037  0.0041 0.0051 0.0047
Xll . 0.0338  0.0150  0.0182 0.06490 0.0144

Table 6. '"Observed" minus "predicted" budget shares. Married couple
with one child and total expenditure N.kr 40 000

a) a¥—§% .a) a¥—§% .a) a%-g%

i i i i1 i i i
1 +0.0002 16 +0.0033 31 +0.0090
2 +0.0006 17 +0.0018 32 +0.0025
3 -0.0089 18 -0.0053 33 -0.0059
4 ~0.0039 19 +0.0007 34 +0.0012
5 ~0.0013 20 ~0.0048 35 +0.0009
6 ~0.0025 21 -0.0005 36 +0.0151
7 0.0000 22 -0.0064 37 +0.0056
8 -0.0012 23 +0.0135 38 +0.0047
) -0.0012 24 ~0.0007 39 ~(.0010
10 -0.0006 R 25 ~0.0068 40 -0.0041
11 -0.0022 26 +0.0182 41 +(.0009
12 -0.0008 27 ~0.0037 42 +0.0019
13 -0.0041 28 +0.0017 43 =0.0010
14 ~0.0014 29 +0.0068 44 -0.0093
15 -0.0033 30 +0.0030 45 ~0.0111

a) See table 4.



30

5. Conclusion

In this paper, we have dealt partly with methodological jroblems
in comparing household budget data from two different years and jartly with
empirical results based on Norwegian data from 1967 and 1973. Iritially,
we pointed out that expenditure functions estimated from differert data sets
can hardly be adequately compared without reference to economic theory of
consumer demand. However, recognizing the conflict between the claim that
the functions agree perfectly with utility maximisation and the desire that
they are sufficiently flexible to reflect adequately cross-sectionaal
variations of consumption, our compromise choice is to use polynonials of
the third degree in total consumption expenditure.

The coefficients of the 45 specified expenditure function: as
estimated from the 1973 data differ considerably from those based on the
1967 data. An investigation of their ratios does not invite a de. inite
conclusion, but to some extent the results agree with the homogencity
constraint of the demand theory. Moreover, the average estimates of
expenditure (Engel) elasticities have the same order of magnitude for the
majority of commodities. In this respect, the 15 food categories perform
particularly well.

The reduction of the length of the period of reporting of expendi-
tures in the 1973 survey as compared with the 1967 survey gives rise to a
considerable increase not only in the residual standard errors of =sti-
mation, but also in the corresponding coefficients of variation. T[he
relative increase in the residual standard error is positively corcelated
with the increase in the consumption expenditure at constant prices, but
our test indicates no significant correlation with the increase in the price
component of the expenditure.

Finally, a comparison of the 1973 expenditure functions wi:h "up-
dated" 1967 functions confirms that the two data sets have interes:.ing
properties in common. The average absolute difference between the estimated
budget shares is, however, considerable - about 0.4 per cent for tle average
bousehold - i.e., the relative "forecasting" error in a period of :ix years
is about 20 per cent. Our method of updating, which pays regard tc the
change in relative prices, performs only marginally better than a raive
method which neglects the price response.

Further research based on alternative models and methods ard utili-
zing a greater body of data - particularly data from more than two years —

is certainly needed.
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Appendix

THE METHOD USED IN UPDATING THE EXPENDITURE ESTIMATES

The purpose of this appendix is to describe briefly the method used
in section 4.4 in updating the expenditure estimates from the year 1967 to
the year 1973.

Differentiating the demand functions fi’ including the first order

terms only, gives

where X5 denotes the volume of consumption of good i, s its price index,

y tetal expenditure, E; the expenditure (Engel) elasticity of good i, and

eij the price {Cournot) elasticity of good i with respect to good j. The
elasticities refer to the point of £, from which the differentials are taken.
The updating is based on the assumpt{on that the utility function generating
the fi's is additive (or rather, that it can be made additive by means of a
suitable monotonic transformation). Additivity is, of course, a somewhat
questionable assumption, in view of the rather detailled commodity classifi-

cation used. We thea have (cf. Frisch {11, PP 186~187])

y 2 = (E,/w (5., - a.E.) ~ a.E, (i, j = o N
(2) e.. { 1/») (51j aJhJ) ajhl (i, 3 1, , N),

where ﬁij is the "Kronecker delta', a. is the budget share of good j, and
J

w is an indicator of the overall degree of substitution. (As regards the

additive members of the class of utility functions, w has the alternative

interpretation as the income elasticity of the marginal utility of income.)

From (1) and (2) we obtain

. Lp - E Ap. Ap

(3) - E, AL za, -51). T (5”1' - ek, —p—% =1, covuy, N
y s . w . . i .
M IR i s N

Inserting Ay/y = yl/yO -1, Ap./p. = p.lfp 0. 1, Ax./x. =
> i'vi i i ? i'7d
x1 0 0, 1 . 0 0 0 .
< : ) - =z = B, i w o= w he 1 C 3
(¢ /Li )] (pi /oy )y -1, a; =2, , B ;> and w (the superscripts

0 and 1 svmboiizing, as before, the vears 1967 and 1973 respectively), eq.

a B : . wl . P
(3) can be used to obtain estimates, c of the expenditure cn good 1 in

. L 1 . 0 0 _ 0
1873, relating to total expenditure yl, from estimates of c s A, Ei ,
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and wo, relating to total expenditure yO. In the calculations, the value
of w0 is set equal to -2 for all households. This value, interpreted as
an average estimate, agrees well with the majority of results concerning
complete systems of demand functions (cf. Broﬁn and Deaton [5, P- 1206]);
the empirical evidence as regards the form of the function mo(yo) is, how-
ever, scare and to some extent conflicting. The values of cg_=
cio(yo), aio = aiO(yO), and EiO = Eio(yo) are calculated from the expendi-
ture functions for 1967 (using the normalisation pio =1 for all i).?)
Finally, the combinations of values of yo and y1 chosen are restricted to
those satisfying yO = yl/Pl (P1 denoting the average consumer price index
in 1973, PO = 1). The intention is to prevént too large variations in Ei
and a; when extrapolating according to eq. (3), recalling that these para-—
meters (as well as w) are homogeneous of degree zero in total expenditure
and prices.

In this way, we end up with the following expression for the up-

dated expenditure on good 1i:

1

1 1

x1 _ =1, 1, 1 0y L0y 1 _ 0,y 1

(4) e, =y (y7) = p; ¢y (~1~) {1+ B, 1) (p ;aj ('T)Pj )
P P b} P
1 1 1
1 0 1 0 0 1 .
+ =5 E; & ®, - ra, (-YT> E. <—Y—1)p. )} (i=1,..., N).
w P i J P ] P ]

. . 1
In order to ensure that the estimates add up exactly, i.e., ZciXI(yl) =y

for all yl, a final proportional adjustment is used.

1) The binary variables representing social status and geographic location
(cf. chapter 3) are set equal to their sample means. Moreover, minor adjustments
are made to ensure non-negativity of cio, aio, and Eio for all income levels

and household types of interest (recalling that additivity of the utility
function implies absence of inferior goods).



(1]

(2]
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