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1. INTRODUCTION AND SUMMARY

The objective of classiczl demand theory is to describe, for
some commodity i, 1 =1, «.., N, the cuantity bought o; as a function
of income m and prices Pys eoes Dpo Income m is identified with total
expenditure 2 P;Q4e If we succeed in performing this task, the value
‘shares Wy o= piqi/m are described as well-defined functions of m and

the p's. Bach of these shares should be nonnegstive; their sum should
be 1. '

We shall never succeed in performing this tacsk completely, since
there will be unexplained residuals in all demand ecustions. An obvious
question then is: If our success is not 100 per cent, how great is 1t?
How great is the success if we compare it with nsive methods, such as
no-change extrapolation, which do not use any sophisticated demand
theory at all? Also, it should be remembered that the usefulness of
demand equations is frequently limited by imperfect forecasts of
income and price changes. The only thing which classical demand theory

1 The authors are indebted to Mr., A.P. Barten for his comments on this

paper and for his willingness to put his data at their disposal, and
to Mr., J. Boas for the programming of the computations,

2 The article was written while R.H. Mnookin was a visitor at the

Econometric Institute as a Fulbright grantee.




has to say about these variables is that it considers them to be
exogenous, S0 there is the additional ruestion: Whet remains of the
value of a demand ecustion when imperfect exogenous estimates are
substituted?

The purpose of this article is to present a measure, beosed on
information theory, to eveluate the merits of one demand eruation and
of a system of such ecuations, The order of discussion is as follows.
We start in Section 2 with a decomposition of value share changes
and consider the volume part of that decomposition in Section 3, This
volume part is the dependent variable of the demand ecuation as
specified in a recent publication of one of the authors [u], which
was in turn largely based on [1]. The specification of Section 3 is in
algebraic terms. We proceed numerically in Section L, which deals
with the data and the coefficient values. The evsluation criterion
used is the informetion inaccuracy, which is explained in Section 5.
The later sections deal with alternative prediction methods. Section
6 considers no-change extrapolations, Section 7 presents forecasts
based on the demand model and on perfect as well as imperfect income
and price estimates. It turns out that, when all income and price
changes are predicted perfectly, the demand model reduces the average
information inaccuracy in the prewer and postwar period by about 50
per cent. The rest is to be ascribed to the disturbances of the
demand eguations. When the change in real income is predicted per-
fectly but those in relative prices are predicted to vanish, the
success 1is obviously less but still of some importence. However, when
the income and price predictions are b-sed on gsimple autoregression
schemes, the recults are scarcely better then those of naive no-change’
extrapolations. This is shown in Section 8.

The last section deals with the expected vslue of the information
inaccuracy due to the random variability of the coefficient estimates
and the disturbances of the demand ecustions, For this purpose the
inaccuracy is approximated by a gquadratic expression, so that variances
and covariances can be used. It appears that the variances of the
disturbances of the demand equations account for about 80-90 per cent
of the expected information inaccuracy, and the sampling variances
and covariances of the coefficients of these equations for only 10-20
per cent, Among the latter veriances those of the income coefficients
are more important than those of the price cbefficients,

2. THE DECOMPOSITION OF VALUE SHARE CHANGES

- Our approach is mainly in terms of value shares, wi

= Piq_i/my
where Py is the price and ay the cuantity bought of the 1 commodity
and m income or totel expenditure. In particular, it is in terms of

changes in value shares in view of the demand eruations that will be




discussed in Section 3. An infinitesimal change dWi can be decomposed
as follows:

(2.1) aw, = w,d(log q;) + wyd(log py) - wid(log m)

where log stands for natursl log rithm. For finite changes we apply
the following aporoximation:

w. + (w,) '
-
(2°2) Wi - (Wi>__1 N < 5 s [log C'i - 108' (Qi)_,?]

w, + (w.)
i i/ -1
5 [log p; - log (py)_,]

Wy o+ (wi)
2

~1 [log m - 1log m_ﬁ]

where the subscript -1 indicates that the value of the previous period
is considered. It will prove convenient to use an explicit subscript t
for time and to simplify the notation by writing

W,, + W,
it

i,t-1
2

(2.3) Wiy = D = A(log )

Hence W?t stands Tor the average of the ith value share in t and the
preceding period, while D i1s the operator of tsaking the change in the
natural logarithm (the log-change). Then (2.2) is reduced to

(2.4) _q ~ Wi, Dgs, + Wi Dp,, - wi,Dmy

The last two terms are taken as exogenous in demand theory. The first
is the dependent variable of the demand ecu-rtion that will be discussed
in the next section,

3, THE DEMAND MODEL

The demand ecustions are assumed to be of the following form:

n
5 - B.DR 3 . .05 ,
(3.1) WitDagy = ByDmg + i Ci1PP5¢ * Uit

the various terms of which will be discussed in the following seven
steps:3

(1) The left-hand variable, being the first term of the right-hand
side of the decomposition (2.4), can be interpreted as the volume com-

. th

vonent of the change in the 17~ value share.

For details see [4].




(2) The coefficient B; is the marginal velue share a(piqi)/am.
It is assumed to be constant, which implies that Tngel curves are
approximated linearly. This is restrictive, but probebly not too
seriousg, given the moderate changes in reszl income revealed by our
data,.

(3) The term Dﬁt is the log-change in real income:

(3.2) Dm; = Dmy - Dp,

n

w ok
(3.3) Dp, ii& W}, DDy

This implies that the log-change in the cost of living price index is
defined as a weighted average of the log-changes in the individual
prices, the weights being the value share averages W%t in the current
and the preceding period. It can be shown that this kind of weighting
ensures that we have a local guadratic approximation to the change in
the "true" index.

(4) The Cij are coefficients of relative prices. It can be shown1
that they form an n x n matrix [6131 which is ecual to the inverse u-
of the Hessian matrix of the underlying utility function, pre- and post-
multiplied by a diagonal matrix. [The specification (3.%) is based on
the ordinary procedure of maximizing this function subject to the
budget constraint 2 Dia; = m,] When utility is "additive" (see [2])
we can write the function as

n
u(q—p eeoy Qn) = .Z ui(ci)
i=1

in which case the margin-1l utility of the ith commodity depends only
on gy, i=17, «e., n., Hence the second-order cross derivetives of the
utility function are then =211 zero, so that U is diagonal and the same
epplies to U~1 and [Ci.]. In the empirical part of this paper we shall
confine ourselves to t%at specisl case, which mesns that easch (ith)
demend ecuation contains only one relative-price term CiiD§£t°

(5) The tern1D§3t is the log-change in the relative price of the

commodity:

o — - ?
(3.4) Dby = Dpyy - Dp}

n
v

(3.5) - Dpy = ii4 B, Db,

This means that we do not deflate prices by the cost of living index

but by the "marginal price index (see (3] whose log-change is ob-

tained from the log-changes in the individual prices by using as weights

corresponding marginal (instead of average) value shares.




(6) The last term u;y 1s a disturbance, which is assumed to have
certain statistical properties. These will be discucsed in Section ¢.

(7) The coefficients Ei’ Cij are subject to certain constroints,
One is

(3.6)

Another is that [C..] os a symmetric matrix; this is, however, ir-

1
relevant if we proceed with a dicgonel matrix, as we shall do. The

2

third is

n I
¢ = 2 2 C..

(507) C.. = (pB
i=4 j=1 Y

5=t ij i

In words: The sum of the price coefficients of each demand ecustion is
proportional to the marginsl velue share. In our case of a diagonal
[cij] this means that the ratio Cii/Bi is ecual to 9,

which is the income flexibility (the reciprocal of the income
elasticity of the marginal utility of income) and is independent of i.

Ly. THE DATA

We shall work with four commodity groups: Food (i = 1), Vice or
pleasure goods (i = 2), Durables (i = 3), and Remainder (i = 4). The
data, supplied by A.P., Barten, refer to the Netherlands in the period
1921-1939, 1948-1963; details are given in the Appendix of this paper.
We shall consider three periods., The first is the prewar period and
consists of 18 observations, starting with the log-changes in 1921/22
and ending with those of 1238/39, The second is the war transition,
which consists of only one observetion. Here t should be interpreted
as 1948, t - 1 as 1939, The third is the postwar pecriod, which consists
of 15 observations, the first being 1948/L49 end the last 1962/63.

The estimation procedure of the coefficients of the demand
equation (3.1) is not the objective of the present peper; we refer
to a forthcoming publication by A.P. Barten. Several preliminary re-
sults are available, however, which induced us to use the following
values:

y 0.2 - -0,08

Cyy

OoL]» 035 - "0916

= 003 CL}-L‘» "'0012

2 —O.OL"

3

(Lh)‘ )

B
B
B
B

Hence ¢ = 2 Cii = =0,4, which means that the marginal utility of
income decreases by 1 per cent when income goes up by 2+ per cent,




prices remaining constant, The B values can be Jjudged conveniently
when we divide them by the corresponding velue shares (the w's), so
that we obtsin the income elasticities of the wvarious commod ity
groups., For all data combined the four-average v lue shares are 0,29,
0,10, 0.2L, and 0.37, so that on the basis of these averages the B's
of (4.1) imply income elasticities of about 0.7, 1.0, 1.6, 0.8 of
Food, Vice, Durables, and Remainder, respectively.

5. A BIT ABOUT INFORMATION THEORY

It will be clear that the demand specification (3,1) is parti-
cularly suitable for the prediction of value share changes; We have
to predict the log-changes in real income and relative prices, pos-
sibly - if we can - the disturbance u; as well, which gives an
estimate of W?thit. We add to this the estimate of WEtDpit - WEtDmt’
vhich gives the value share change according to (2.L), By adding this
predicted change to last veor's value share wi,t—1 we obtain a fore-~
cast ﬁit of Wiy

We shall consider severzl alternative forecasts of this type in
the next sections. At this stage.it is sufficient to know that, in

one way or another, we have obtoined forecests wit which satisfy

(541) W,, 20 each i and t 2 Mo, =1 each t
i=1

The cuestion that will be considered here is: Is there an obvious

nanmner to evaluate the gu~lity of such forecasts?

To angwer this guestion we start by observing that (5.41) and the
analogous condition on the observed Wit imply that we can regard each
set of n value shares (predicted as well as observed) as a complete
set of probabilities, The forecasts are the “prior" probabilities; at
some point of time a message comes in which states what the value
shares actually are and which thus changes the nrior probabilities Wit
into “posterior" probabilities Wsye The information content of such a
message is defined in information theory as

(5.2)

which is nlways positive unless Wit = wit for each i (perfect forecasts),

in which case It = 0. The larger the differences between Vs

the worse the forecasts are and the larger the information content of

nd W,

a it?
the message on the realizstion is., Therefore, It is celled the
Anformation inaccuracy of the forecasts W1ty seoy ﬁnt with respect to
the corresponding reslizations Wygo eees Wy (zee [6]),




e shall work with natural logerithms in (5,2), not with loga-
rithms to the base 2 as is customary in most applications of in-
formation theory. The recson is that we elready worked with natural
logarithms in the decompogition (2.1). We shall present average in-

formation inaccuracies,

(5.3) T
g=q T

both prewar (T = 18) and postwar (T = 15). It will be noted that the

ey

"gimole additive form of I implies that, when additional observations

gl

1
for later years become available, they can be combined very easily
i

with the earlier data.

6. NAIVE MODELS

The simplest prediction method amounts to assuming that there
will be no changes in income, pricesg, and cuaentities from one year to

the next. This amounts to the no-chenpge extrapolation

(6.1) | Wit = Vi, t-

for which we can compute (5.2) and (5.%3), The results are presented
on the first line of Table %, which containg the average information
inaccuracy I for the prewsr and postwar period and the single inac-
curacy value of the war transition. It appears that the two averages
are of the order of one twentieth of one per cent, while the war
tpangition velue is more then ten times larger. This is gualitztively
understandable, given that the composition of the consumer's basket
in 1948 differs rather substantially from that of 1939.

Tt is also clear that the extrapolation method (6.1) reguires
the availability of the value shares in the year preceding the pre-
diction year. Such dota are freguently aveoilable only after some time
lag, 0 that it is worthwhile to consider also the extrapolation

method
(6.2)

This amounts to assuming that, when year t is predicted at the end of
year t - 1, the most recent date are those of year t - 2, The cor-
responding average information insccurccies of the prewar snd postwar
period are presented on the third line of Table “. Since they c nnot
be based on the first observation (1924/22 and 49@8/u9) they should

be compared with the average inaccuraciles of (6.4) which do not
include that first year. The latter wvalues arve presented on the second




TABLE 1, INFORMAWION INACCURACIDS oF NO—CHMNGQ BITRJPOLATIONS

Forecast W. Prewar Postwqr War
it

Four commodity groups
556 6082
observetion excluded 1151

1386

Food

Wi’t_1 | 148
Same, first observation excluded

1,12

Vit 26
Same, first cbservation excluded 22
1,6=2 , 38 102
Durables
Ty 2Ll 377
Same, first observation excluded 221 320
274 969
Remainder

46 204
observotion ] 170 94

525 L10o

Sote. All figures are to be multiplied by 1070
line, The average information inaccuracy for (62)is two to three time as
lorge as for (6.1), It is also seen that deleting the first obser-
vation reduces the T of (6.1), particularly in the postwar period. This
is due to the rather sizable vzlue share chaenges in 1921/22 and 1048/4L9,
The first three lines of Teble 1 are bosed on IJG as defined in
(5.2) for n = L4, They deal with the complete decomposition Wy, eo.s
Ve It is also possible to consider only one commodity group by
concentrating on one volue share Wi and its complement 1 - w, ite This
amounts to combining 211 commodity groups other than the 1th}+ Since

4

b Wy is the forecast of 1 - Wis the resulting information inac-
curacy is

W 1 = wlt
(6.3) I., =w,, log —= + (4 1) log =i

it it

kel

W. 1 - W,
it it

L It is ecually possible %o make any other combinations, such as
Wyg T Woy and WBt + Wut, but this will not be pursued here,




and its average over T observations:
(6.1)

The results are shown in Table 4, They too indicste that extrapolation
from t - 2 le~ds to results that are considerably worse than extra-
polating from t - 1, The figures differ rather substantislly for the
four different i velues. However, all figures for the individual com-
modity groups have in common that they are smaller than the cor-
responding figure in the first three rows, which deals with all four
groups simultaneously. This, in fact, is generally true, because

we have

(6.5) T, $ T,

which can be shown as follows. The difference between the two I's is
W . 1 - w
_ c At s
= 3 Wiy log - (1 Wit) log
J:l:l \\;jt

it
- W.
it

th 1 - Wi??

= 2 th [1og;f$— ~ log ———r=e
L] =

- T |
e

\i

jt

W .
it .4_. —_—"
J7l it

.

Hence T is ecucl to 41 - L multiplied by a conditional in-~

t 7~ it on
formation inaccuracy, the condition being that the i commodity 1is
disregarded. Assuming that Wy < 41, we conclude that (6.5) holds with

the strict inecuality sign except when

th _ th

W. 1 - w
"1t

for each j + i

it

in which case Iit = It’ This limiting case implies that for each com-
modity + 1 there is perfect prediction of the amount spent on that

commodity when this amount is measured a fraction of what remains of

. L. .th .
income after subtraction of what is spent on the i commodity »




7. THE DEM/ND MODEL SUPPLEMENTED BY DIRECT
INCOME AND PRICE PREDICTIONS

We now turn from naive no-change extrapolations to more sophis-
ticated procedures based on demand equations and on income and price
predictions. One should expect that such a procedure would be most
successful when the log-changes in income and prices are all predicted
perfectly. Going back to (2.4) and (3.1), we conclude that the only
source of error is then the disturbance U4 of the demand equation,
which is put equal to zero instead of its true vhlue.5 Hence the
prediction method amounts to

(7.1)

Note that 1t is assumed here implicitly that the value shares of year
t - 1 are known. This seems to be rather obvious in the present con-
text, since the demand equation (3.1) describes only what happens
during the transition from t - 41 to t.

The four-group inaccuracy values of the method (7.%7) are shown
on the second line of Table 2 below the corresponding v- lues of the
extrapolation method (6.7), which have been taken from Table 4. Tt
turns out that the former values are about one half of the corresponding
latter values in the prewar and postwar period, and about three cuarters
for the war transition., Hence knowledge of 211 demand equ-tions and of
all income and price changes enables us to reduce the average in-
formation inaccuracy of the no-change extrapolations by about 50 per
cent in the periods before and after the war. This knowledge is also
useful for the description of the war transition, but not as useful
(only 25 per cent). The toble shows further that similar statements
can be made for the individual commodity groups, although these are
characterized by some variability. The Food velue of (7.1) exceeds that

of (6.1) for the war transition; the same applies to the average Vice
value of the prewar period.

5 Note that we have =~ in (2.4), which implies that the right-hand side

of that ecuation does not add up to zero exactly when summed over i.
This implies, in turn, that the sum of the forecosts (7.1) over 1 is
not exactly 1, but only approximately. 'hecnever this is the case for
any type of prediction, we have raised or lowercd the n forecasts
proportionally so that they do add up to 1. (The sum of the u;¢ over
i is related to the information difference component, which

is generally small; see [L].)

It will be noticed thst the w#, by which the log-changes are multi-

plied in (2.4) is not really ~ known, becsuse it is the aversge of

the past velue w ,(which is assumed to bc known) snd the value Wit

which is to be predicted and which is, therefore, unknown.

This procedure could be refined in the following iterative manner,

First, replace wi, in (2.4) end (3.7) by w, t_s» Which leeds to a

forecast W,, of =+ Wsiie Then toke the averazd™ of this w,, and w,; . _,
substitute for wi¥, , after which a new ’

1,41

and use th%s as thet

forecast W., is computed, and so on. However, this would make sense

only if oné predicts over a longer time spon than one year, because

the effect of replacing W?t by Wy -1 is otherwise almost negligible,
b

(Footnote continued on pege 11)




TABLE 2, INFORMATION INACCURACIES OF DEMAND MODELS
BASED ON DIRECT INCOME AND PRICE PREDICTIONS

Forecast wit Prewar Postwar

Four commodity groups
396 556
203 272
271 Ll

Foo

121 14,8
75 76
68 116

Vice

26 45
3l 22
27 Ll

Durablecs

2l 377
89 160
129 232

Remainder

164 20l
o 125
158 186

Note. /11 figures are to be multiplied by 1070

The ordinary demand anslyst must be expected to predict below the
level of (7.71), because his income and price predictions will not be
perfect. Perhaps the relative price change predictions are the most
difficult ones. So let us adopt a macroeconomic point of view by as-
suming that the demand analyst confines himself to the prediction of
the change in real income and assumes that there are no changes in
relative prices., Hence Dﬁst is predicted to be zero for each j and t.
The disturbance Us 4 is also predicted to be zero, We assume that the
change in real income 1is predicted perfectly. Hence Wgthit as defined

in (3.1) is predicted to be Bin'nt° For the other two terms in the
right-hand side of (2,L) we write '

w%,Dp,, ~ Wi Dm, = w;t(Dpit - Dpt) - w’{t(Dmt - Dpt)

(Footnote 6 continued)

We did compute the information inaccuracy of the approximation error
implied by replacing W?t by W, . in the right-hand side of (2.14)
which turned out to be’8f the™’ order of 1 per cent of the cor-
responding no-change extrapolation values. The maximum inaccuracy
reductions of the more interesting forecasts are of the order of

50 per cent,




The price deals with relative prices (Dpit - Dpt) and is therefore
predicted to be zero, The income term is —w?tDﬁt, which is predicted
perfectly. We conclude that the "real income" prediction of value
share changes amounts to

(7.2) B, = i1 (Bi - w§t>DBt
This means that the ith value share is =redicted to increase when real
income increases 1if the marginal value share exceeds the average share,
ie€6y 1f the income elasticity is larger than 1.

The results are shown in Table 2, ‘g one would have expected,
the information inaccuracies are mostly between those of the no-change
extrapolation method (6,7) and the "complete" demand method (7.”).
The war transition is a msjor exception, which is primarily due to
Durables. This, in turn, was due to the substantial incresse in the
relative price of Durables from 1¢39 to 1948, which was only partly
compensated by a2 decrease in cuantity.

8. THE DEMAND MODEL SUPPLEMENTED BY AUTOREGRESSIVE
INCOME AND PRICE PREDICTIONS

We shall now assume that no direct income and price predictions
are availlable., We suppose, however, that there exists some knowledge of

the autoregressive nature of the income and price changes. Consider
(8e1) Dmy = u = p(Dmt_1 -u) + €4

where pw is the long-run average of the log-change in real income, p
some nonnegative congstant less than 1, and €y & random variable with
zcro mean. We shall put p = 0,02 and experiment with alternative p
values., The observed average log-change in real income over all 18
prewar and 15 postwar observations is 0.019.

We shall use a similar scheme for relative prices:
(8.2) Diit pDﬁi,t—ﬁ + By Dﬁi - Dp

g = DPsy %

g =1 1 =1 - '
(803) Dpit = pri,t"’! + Slt Dpit Dpi‘t Dpt

Hence we consider two different sets of relative prices, one of which
(Dﬁit) we already met in the demand ecuation (3.1) and the other

(Dﬁit) will be needed to handle the price term of (2.4). The €, and
Bit are regarded as random variables with zero mean; hence the long-
run average of the log-change in each relative price is supposed to
vanish., To simplify the procedure we shall work with the same parameter
p in (8.1), (8.2) and (8.3).




Let us rewrite (2.4) as follows:
WigDagy + wig(Dpyy - Doy) - wiy(Pmy - Dpy)

WigDagy + WieDDyy - Wi Dny

On combining this with the demand eouation (3.”) we conclude that
(Bi - it)Dmt is the part of the 1Lh value share change which is to
be attributed to the change in real income, Using (8.7) we have

«

(Bi - W’-i‘t)Dmt = (Bi - Wit)t(4 - P)u pot_4} + 8y
which is estimated from the data of year t - 4 by putting St = O,
Furthermore, we have two price terms. One of these is WltDD L5 which

we can estimate by owltDp using (8.2). The other is the price

19
term C, Dp ;4 of the demand eou ticn (3.%1), which we may estimate by
pC Dp1 £=12 using (8,J) The two price term estimates combined are

therofore
P(WEDD; g + Cy3DP yq) » p(wyy + O3 )B4 4

where the ~ sign is based on the approximation of Dié,t—1 by Dpl foq*
The indices Dpt and Dp% are close to each other as is shown in th
Appendix (Table 6), We could also have approximated in the opposite
direction (Dp  t—1 by Dp e 1), but the coefficient of Dp £ exceeds
on the avorage thqb of Dp
ZC =(P=—024_,

On combining these various comnonents we obtein the following

1 in absolute value, since 2 wlt = 1 and

autorcgressive precdiction of the value shares

(802-!») Ai'h - j_ - + (Bj - Wi.t)((d’ - p)U« + p-Dm.t__ﬁ:l

+ p(C.. + w5, )Dp

i1 it it~

The w term of the right-hand side implies that the ith value share is

subject to an upward trend if the income elasticity of the ith commodity
is larger than 4. This is understandable, because that particular term
has to do with the long-term increase in real income. The expression

in square brackets is a weighted average of last year's log-change in
real income and the long-run average log-change M., If last year's value
Dmt 1 exceeds b, this is a prima facie (autoregressive) indication

that this year's value Dﬁt also exceeds M, so that the effect Jjust
described becomes more pronounced. The relative price term has a coef-

ficient p(Cii + W€t> which is usually positive. This imhlies that,
th

the relative price of the i commodity increased last year,




TABLE 3, INFORMATION INACCURACIES OF DEMAND MODEI S BASED ON
AUTOREGRESSIVE INCOME AND PRICE PREDICTIONS

Forecast {  Prewar Postwar

Four commodity groups

Extrapolation (6.1) ! 369 , 154
Autoregressive forecast (8.4), | % L30 463
397 LL6
386 438
399 Lo
L3h L55

Extrapolation (6.41) 102 153
Autoregressive forecast 92 155
91 148
104 146
130 148
171 153

Extrapolation (6.1) 22 L6
Autoregressive forecast 23 L6
2L L8
25 54
28 5L
31 59
Durables
Extrapolation (6.4) 224
Autoregressive forecast 28l 334
271 3418
265
267
278
Remeinder
Extrapolation (6.1) 170
Autoregressive forecast 200
165
14,0
124
118

6

L

Note. All figures are to be multiplied by 10~

value share is predicted to increase. Dvidently, the price effect
vie the quantity term is outweighed by the dircet price effect on

the value share change., We have a negative price coefficient in (8,4)

iny if Cii + wgt < 0, which in view of Cii = @Bi is equivalent to
Bi/WEt > =1/¢ = 2%, In words: The income elasticity of the 1 com-
modity must be larger in absoluic value +than the income elasticity
of the marginal utility of'income;i,ec-the commodity must be a
real "luxury,"

The results of the prediction method (8,4) for some alternative p
values are presented in Table 5, together with those of the no-change
extrapolation method (6.1). [The figures presented refer to the pre-
war and postwar period excluding the first year, beceuse the Dﬁt_1 and

Dpi,t-1 data are not available for that year.] The outcomes m=ke us
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sadder but also wiser., There is no gein at a1l compared with no-change
extrapolation in the prewar period, whatever p we cere to choose, which
is probably due to the fact that | = 0.02 overestimates the increase
in real income during that period. [The no-change extrapolation assumes
n = 0, of course, which is about as good an aporoximation to the
observed average prewar log—changec] There iy a minor inaccurecy de-
crease from the extrapolation velue in the postwer period (for which
a larger p value than 0,02 would@ have been more accurate), provided
that we choose p avropriately. For both periods the best p value is
around O.k. The picture of the individual connodlty groups varies some-
what, but it is not essentially diffecrent

The autoregressive achievements are therefore rather modest. Given
the fairly positive results of the real income predictions of the
previous section, we must conclude that - as far as the present evidence
goes - it is essential that one have forecasts of real income changes
which are more accurate than those afforded by this simple autoregres-

sive approach,

9. THE EXPECTED INFORMATION INACCURACY DUE TO
THE RANDOM VARIABILITY OF COEFFICIENTS AND DISTURBANCES

Up to this point we assumed thet the true values of the coef-
ficients of the demand eautions (the B's and C's) are known, This will
normally not be the case; what we usually have is & set of point
estimates and an estimated covariance matrix, The implications of the
estimation procedure can also be ev-luated along informational lines,
although the logarithmic criterion is difficult to adjust to the
cuadratic estimation criterion which is implied by the use of variances
and covariances, We con, however, expand the natural logarithm of
x"“vit/wit according to powers of the ratio (ﬁit - Wit>/wit’ The leading
nonzero term is cuadratic:

(Wi - Wi?>f

n
(9.1) 3
i =1 Wit

The expansion converges when N.t is positive and smaller than 2Wit°
Letually, all of our forecasts are close to the corresponding reali-
zation, because even the no-change extrapolations have very small
relative errors. Therefore, the gquadratic approximation (9.1) moy be
regarded to be sufficiently accurate,

Let us take the expectation of both sides of (9.1):7

7 e d"sreg »rd here the random nature of the right-hand denominator
(w,,) of (9.1), This is of minor 1mportenco, however, since the
rahdon component of w.., given w. . _,, is the disturbance uit of
the demand eguation whose roo%—mcan -souare is very small
compared with the expcctation of wi,; see (9,.l1) below.




(9.2)

We shall now evaluate the expectetion in the right-hand numerator under

A

~
the assumption of perfect income and price predictions, Writing Bi and
Cii for the point estimates of Bi and C

110 gpectively, we then have
- B.Di, + C..Dp!, + wi,Dp,, - wiD
B;Dmy + Cllelt WitPPiy T WigPMy

Wit ~ Wi,t—ﬂ + BiDmJG + C Plt

We subtract, scusre and obtain

. 2 N NN
(wit Wit) (Dmt) (Bi Bi) + (Dp

— -1 ~ ~ _
2DmtDpit(Bi Bi)(C.. C..)

11 11

- (s - - onRt (& -
2Dmt(Bi Bi)uit 2Dpit<cii C..)u

1i7 71t

Let us asesume that %i and 6ii are unbiased estimates; let us also make
the (classical) ascumption that Dm, and Dﬁ;% are fixcd (nonstochastic)
numbers. Then, after taking the expectation, we conclude that tha
first term on the right is (D?ﬁt)2 miltiplied by the variance of B, r

that the second is (Dp! t)2 maltiplied by the variance of Cll, and

that the fourth is 2Dm¢Dp it maltiplied by the coveriance of B and 6ii°
We assume also that the disturbances u. it are random with zero mean

and variance 0 (independent of t) and that they arc uncorrelated with

~

2
Bi and Cii“ Then the cxpectation of the third term is oi and that of
the last two terms is zero, Hence:

e (& - 2 ~ (Dm 2 var B ! 2 ) o
E(mit Wit) ~ \Dmt) var B, + (Dpit) var C,

+ 2 Dm,Dp}, cov (ﬁi,

On substituting this into (9.2) and aversging over time, so that we
obtain the expected volue of the

8 Note that we do not have to assume that the disturbances are uncor-=
related over time, [If they are correlated, however, we can improve
on the prediction method (7.1) by tsking the correlation pattern and
past disturbance values into account. ]

average inaccuracy, we find




The first three terms on the right represent jointly the effect of

the random variation of the demand function coefficient estimates on
the expected value of the average information inaccuracy I. The fourth
represents the effect of the disturbances of the demand eouation., Fach
of the first three terms deals with one aspect of the random variation
of the coefficient estimates: the first with the variances of the
marginal value shares, the second with the variances of the price
coefficients, the third with the covariance of %i and éii in each
demand equation. Note that covariances of coefficients and disturbances
of different demand ecuations do not occur.

The result (9.3) shows that its computation requires the know-
ledge of several variances and covariances. We shall estimate the
variances oi of the disturbances by the mean squares of the 18 + 25 =
3% prewar and postwar observations on the U4 which are implied by the
B's and C's of (L.1). This gives

= Lhh

To specify the variances and covariances of the B's and C's we
start by interpreting the values of (4.”) as unbiased point estimates.
Next, we shall specify a covariance matrix of the C's. The preliminary

computations mentioned in Section 4 suggest the following matrix:

L

(9.5)
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The diagonal elements of V determine the standard errors of the @'s,
which take the following velues (in brackets):

~

44 = =0.08 (0.02) Cyy = =0.16 (0.04)

oo = =0.04 (0.03) éuu = -0.12 (0.04)

This implies that 622 does not differ significantly from zero. Further-

more, since ¢ = 3 C,

110 We have

n

Py n A ~ Py
var ¢ = 3 cov (Cii’ C.j) = 395 x 10 h
i=1 j=1 J

cov (o, Cii) 2 cov (Cii, ij)
This result implies that % = -0.4 has a standard error of almost O.7.
This standard error tends to be on the high side due to the positive
values of the covariances of the C's.,

"~

We see fron (9.3) that variances and covariances involving B's
are also needed., These will be evaluated on the bosis of a large-sample
~ il 3 i —_ — 3 = . . .
approximation., We have dBi/Bi = d.Cii/Cii ag/¢ in view of Bi Cll/@
If we interpret differentials as sampling errors, square both sides
and take the expectation, we obtain

?)

vgr Bi P g var o . coYﬁ(C

2
Bi . o) Cii@

117

apart from terms of higher order of smallness. The variance of %i is
then approximated by substituting point estimates for the coefficients

in the various denominators. This leads to the following standard
errors (in brackets):

B, = 0.2 (6.04) ﬁB 0.4 (0.06)

B, = 0.1 (0.06) L, = 0.3 (0.06)
Finally, the covariance of ﬁi and 6ii is obtained by multiplying both
sides of dB,/B, = dC,,;/C,; - 4¢/@ by dC,,, which gives

cov (Bi’ Cii) var C,;  cov (Cii’ ?)

By Ci1 ¢

This completes the derivation of the ingredients which are
necessary for the breakdown of &I as defined in (9.3). The numerical
results for both periods are presented on the first six lines of Table
L. They indicate that about 80 to 90 per cent of the total expected

inaccuracy is due to the disturbance variances, both prewar and postwar.




TABLE L. DECOMPOSITION OF THE EXPECTED VALUE
OF AVERAGE INFORMATION INACCURACIES

i

Breakdown of inaccuracy | Prewar Postwar

Four commodity groups

Total expected inaccuracy 278 299
Due to disturbances 243 232
Due to coefficients 3 6

due to variances of income coefficients ©3M

due to variances of price coefficients 8

due to covariances =3

Total expected inaccuracy

Due to disturbances

Due to coefficients
due to variance of income coefficient
due to variance of price coefficient
due to covariance

Total expected inaccuracy

Due to disturbances

Due to coefficients
due to variance of income coefficient
due to variance of price coefficient
due to covariance

Total expected inaccuracy
Due to disturbances 13
Due to coefficients 11
due to variance of income coefficient 8
due to variance of price coefficient 2
due to covaricnce 4

Remainder

Total expected inaccuracy 107 110

Due to disturbances 9l 98

Due to coefficients 7 13
due to variance of income coefficient 1
due to variance of price coefficient 2
due to covariance 3 -3

Note, 411 figures are to be multiplied by
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This suggests that our limited knowledge of the demand function coef-
ficients is not very serious compared with that of the disturbances.
The contributions of the variances of the marginal value shares are
four to nine times larger than those of the variances of the price
coefficlients in spite of the fact that the standard errors of the
former coefficients, when measured as fractions of the point estimates,
are smaller than the corresponding fractions of the latter coef-
ficients., This must be ascribed to the greater importance of the log-
changes in real income relative to those in relative prices. The co-
variance contributions arc small and not of the same sign in the two
periods.,.

For individual commodity groups the derivation is as follows, Ye
start by considering {(S9.1), which tskes the following form in the case
of I.,:

it

2 N e
- j + Witzg _ i wit)
1t W1 = Wiy

-— V’{

The further derivation is completely an-logovs; for the expected value
of the average Ti we obtain:

A~ — 2 ~
var B, T (Dm, ) var C,. T
(9.6) BT, x —==t 3 e g e
i 2T 1 - Witi 2T

W . .. (1
=1 Wit a1 Wil
cov (Bi, ¢

! - =1
> T DmtDpit
T

Z 7 R
b= Vil = W)

ii)
+ .

+

This result shows that the one-commodity values Sfi depend only on
the variances and the covariance of the coefficients and disturbances
of the corresponding (ith) demand equation. The empirical breakdown
is shown in Table L, which revecals that the picture is largely the
same as that of all commodities combined. Vice is an exception to the
extent that the coefficient contribution to ETZ has the same order of

magnitude as the disturbance contribution.
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APPENDTIX

The price and volume log-changes Dpit and int are given in
Table 5. Their construction by A.P. Barten can be briefly described
as follows. From various sources, both published and unpublished,
prices and total expenditure series are constructed for S9 basic com-
modities before the war and for 108 after the war. Price indices for
the four major groups are defined as follows:

%<W(k)t ; W(k)t—1)

W.

(Ac1)  Dpyy = 3
it

k€8i

Dp(l{)t 1:19 a-ayu-

where Si is the set of all basic commodities which are part of the
ith aggregate, Dp(k)t the log-change in the price of the kth basic com-
modity, and w(k)t the share of that commodity in the total expenditure
on all four major groups. The volume log-change of each basic commo-
dity 1s defined as the log-change in the expenditure on this commodity
minus the log-change in its price, after which int for each major
group is derived in a manner similar to (A.1), the two p's being re-
placed by g's. [Note that tle volume figures are all per capita,
constructed by dividing expenditures by the mid-year population.,] The
following survey gives a minor-group idea of the composition of the
major group:

Food: Groceries, Dairy products, Vegetables anf fruits, Weat,
Fish and Bread

Vice: Tobacco products, Confectionary and ice cream, Beverages

Durables: Clothing and oth<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>