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Abstract :

Microsimulation models for indirect taxation require detailed underlying demand systems.
m order to be policy relevant A possible solution for the econometric problem (lack of
niecessary degrees of freedom) is the separabilify concept and the cdosely related notion of
two-stage budgeting In this paper, weak separability is applied on the Almost Ideal
Demand System (AIDS), its quadratic extension (UAIDS and the Fotterdam model. These
two-stage budgeting demand systems were estimated on Belgian time series data and were
evaluated by means of a comparison of their elasticities (both partial and total), goodness-of-
fit measures and their forecasting accuracy. Though the rank three QUAIDS model does not
dominate the others in every respect (at least for tme senes data). it has nice theoretical
properties which can on their own be a justification for the use of the system.
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The idea of separability allows o model optimising behaviour of the economic agents as
separate parts of a larger whele, without taking account of all possible interachions betwean
economic varables. Within consumer theory (espedally in agricultural applicabions).
separability is often assumed or tested for a specific group of commodities (e.z. food). where
conditional demand is modelled with the budget spent on these commodities and their
prices as the only explanatory variables (see, e.g., Eales and Ummevehr, 1088, Hayes, Wahl
and Williams, 1990 and Sellen and Goddard, 1997). The implicit assumption of this approach
is that there i= mmlH-stage tudgeting, which means that the consumer takes her decisions
sequential steps. In its simplest form. two-stage tudgeting, the consumer first allocates her
total budget to broad commodity groups or aggregates (food, clothing, shelfer....}, while ina
second step group expenditures are allocated to the different items within that group (e.g.
meat, k). Other applications of demand analysis model these consecutive steps and
take the concept of two-stage budgeting explicitly info account (see. e.g., Baker, Blundell and
MicklewTight., 1989 smd Edgerton, 1997). An advantage of this approach is that total instead
of partial elasticiies can be derived. Perhaps more important, with regard fo practical
applications, is that the number of commeodities to model is almost unlimited, which allows
for fairly disageresated demand systems. These can eg., be used in microsimulation
models for mdirect taxation. where it can be important that these are able to simulate
changes in indirect taves on parficular commodifies rather than on broad commodiby
groups.

The present study intends to evaluate the performance of three two-stage demand
systems for 32 commodities. which are to be used in ASTEF, a static microsinmlation medel
for indirect taxes (see Decoster. 1995). Due fo the fact that we do not dispose of a long time
series of Belgian individual household data (like the UK Family Expenditure Survey data) to
capiure precise price effects, estimation was done on agpregated time series data. (Though it
might be possible to estimate price effects on a single howsehold budget survey, see Deaton,
1957 and 1990). Therefore, before the systems will be used in ASTER, mcome effects will be
re-estimated in the fotore on budget survey data and linked to the price effects estimated on
timne series. Another approach would be to fimd an optimal combination of micro (on budget
survey data} and macro (on me series dafa) estimabtions using a minimmm-distance
estimator (see, e.g.. Michéle and Robin, 1995). Although the demand systems will be used in
ASTEE In an adapted form, it may be worth while to evaluate them on the basis of time
series data {(which is the usual approach. see, eg.. Parks, 1969, Flevmarken, 1979 and Barten,
1903y Evaluation of the three two-stage demand systems will be done by means of a
comparative study of poodness-of-fit messures, the elastidies and the forecasting



performance of the models. As a benchoark, the empirical performance of a naive modesl
was also evaluabed.

The question of which separability concept is most appropriate to model two-stage
demand systems is not easy to solve, because separability is a flag which covers many
cargo’s (for an overview see. e.g., Blackorby, Primont and Fussell, 19758 and Pudney, 1931).
Although appealing concepts like quasi-homothetic separability {e.g.. Blackorby. Boyee and
Fussell, 1978) and quasi separability {e.g. Rossi. 1967) prowed to be useful in empirical
applications, we have dhosen for the well-kmown weak separability. The reason for this is
that this concept is easily imposed on one of the systems wie wish to evaluabe, namely the
Fotterdam demand model which was first proposed by Thedl and Barten (see. e.g.. Barten,
1969). A slightly different approach will be followred to apply weak separability on Deaton
and NMuellbamer's (1980a) Almost Ideal Demand System (AIDS) and its extension the
Caadratic Almost Idsal Demand System (QUIAIDS) of Banks. Blundell and Lewhel (1097). In
these cases wealk separability will be assumed, rather than explictly imposed as in the case
of Fotterdam

The struchore of the paper is as follows. In the second section, the approach to modesl
a two-stage demand system by means of AIDS, QUAIDS and Fotterdam is described. The
dafa and some general estimation results are discussed i the third section Section 4
discusses the elasticities of the three systems, while some goodness-of-fit measures are
presented in the fifth secton Finally, the sixth section presents the resalts of the evaluation
of the ouf-of-sample forecasting performance of the three systems and a naive model
Section 7 concludes.

2 Specification of two-stage budgeting ATDS, QUATIDS and Eotterdam systems

2.1 Unlity maximizafion under hoo-stage budpeting
Weak: separability implies that the direct uiility function can be written in the following, form

1y s=vig=feald ) ve(ge b T )]

where ¢ is a sirictly quasi concave, increasing and differentiable function, g is the commodity
vector, fis some fcreasing function and oy, 0p....ow  are well-behaved subutility fonctions
with non-overlapping subwectors guge....qu. A ulility function of the form of equation (1}
gives birth to second stage Marshallian demands for all goods § of group & of the form :

@ q-galr.pe)



where X equals expenditures on group (- and g is the wector of within-group prices. These

second stage demands are the result of the madmisation of v subject to 5 pg, =%, and
18

have all the ususl properties of demamd functions, since they are derived from a standard

ufility maximisation procedure. Thus far the second stage of the two-stage budgeting model
Contrary to the second stage budgeting. the allocation of total expenditures x to

group expendifures poses more problems. Consider equation (1), where the subutlity

functions are replaced by their respective values :

3) ol bty )

where u: is the wility level of group & assigned by the group uflity function pefige).

Equation (3) is to be madmised subject to Ecl;l::ut;,pt;}-x, where cafle, o) is the group

G

cost fomclion which minimises the cost to reach the group ufblity level ue with a given

'
within-group price vector pe. that is "-':'[“L'.aFL'.]-fgf_'-J"-l“E_F’tfh?ﬁ'Glﬂs |mp | and which
T

it=elf is a representation of the within-group preferences. It is easily seen that in general this
maximdsation problem requires all individual prices in order to be solved. To be empirically
useful howewver, it should be possible fo derive a maximisation problem which uses a single
price and quantity index for each commodity group. The necessary and sufficient conditions
for comsistemt commodity agprepation were derived by Gorman (1939 and are rather
resirictive. A first possibility makes nuse of homothefic preferences at the second stage, which
mplies the independence of the within-group budget shares of the group expenditures.
Another solution needs group mdirect ntlity fmctons of the Gorman generalised polar
form and imwokes stromg or addifive separability'. Given the sirong Gorman conditions,
which are empirically imyplansible, an approcdmate solution will be needed to solve the first
stage problem.

This approxdmate solution is described i Deaton and Muellbaner (1980b). As can be
seen from the above mavimisation problem. there are in general no quantity mdices O and
exogenous price indices P, such that F.Q. =% =c-|4-.p-|. A first step to obtain these
price and quanfify mdices is unmravelling the group cost functions as follows

' , 1 ol P2l
4 eclbe. ool =colug. ol | —————
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t Siromg or additive separability is much kess peneral than weak separability, in that the utliy function mast hawe the

follwirgg additive form under some monolors: Fansfrmation @ & = __|"[1.'-,||:|-, J+ F:l::q_r|+...+:|”|f|'_|.'| |]



where pf'; is a base period price vector. The second term of the rght-hand side is the fue
cost-of living price index for group & and is denoted by ﬁ:{p:,p:‘:;u:}.meﬁnttamufme
right-hand side can be inferprated as the money cost of reaching utility lewal u: with the base

Pﬂiudpﬂmvmp?;.Cmequmﬂy.&dstermcﬂntemﬁdﬂeduaqumﬁtymdexﬂd
will be denoted by Qo The subgroup utility level ki is given by the indirect ntility fumction

welQs.pl | which is the inverse of c;(u;.pl|. Now we have the following maxdmisation

problem for the first stage :
G maxe- fwal@i-p0). - wel@e P2 ) vl 7]

subject to ¥ E-(p..pl:u. | Qs = . The endogeneity problem still exists of course. due to

the presence of the group ublity level in the true cost-of-living price mdices. However,
umder certain conditions the latter can be approximated by, e.g.. Laspeyres or Paasche price
mdices which are independent of the group uhlity level These are first-order
approxmations of the troe cost-of-ving ndices which are weighted by respectively base
petiod and cwrent period group utility. For the Laspeyres or Paasche price mdices to be a
good approximation to the true index, one of the following condifions has to be safisfied -
1 has to be close to pl2, p,; is relatively proportional topl: or finally, substitution effects
between commndities are snuall
After solving the mardmisation problem of equation (3). we get the following general
form for the first stage Marshallian demand functons ©
{6) c=gc|P. . Bo... Py.x) forG=1..N
where P 5 a Passche or Laspeyres price index and (: 5 a quanfity index which is
implicifly defined by x;/F; . Combining equation () with equation (2). we finally get an
easily implementable, though approsimate. solution for the two-stage budgeting problem.
The estimation of both the frst and second stage demand functons will produce
parameter estimates, which can be used to derive partial expenditure and price elasticities.
Edgerton {1997) showed that, given the above approach. the total expenditure elasticties of

{"'r—-l' El' = El.'. 'Els
oy X e c O %5 i ,
where Ej = I;:E q. . Er —?Q—G and E; -&Etj "L []-E-.- IE'E_I:ECh."i’E.tF the tl:l'til. the first

stage and the second stage expenditure elastGoity).
The total uncompensated price elasticibes of commedities § € & have the form :

{8} £y =Boy-£f" 4l w] Gy +E5y )
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respectively the total wmcompensated price elasticity, the frst stage uncompensated price
elasticity and the within-group uncompensated price elastidty. w| is the within-group
budget share and &, is the Kronecker delta which equals 1 if G = H and 0 otherwise.

Compensated price elasticities cam be caloalated in the usual way, using the Sutsky
equation in termes of elasticites. Parfial first and second stage compensated price elashbcifies
{with respectively totl utility v and eroup ublity ke held constamt) are obtamed as follows :
@ Ecq =Ecy +Wy-Eg  (GH=1..N)

10}  gF =g +wtef fic G jeG)
where wy is the group budget share. Total compensated price elasticities (with fosel utility
held constanf) can be caloulated as follows :

(1}  e5 =g +w;.E; ic G jeH)

where w; -w_.,-.w_,”:is the total budget share of commodity j = H.

2.2 Two-stage budevting AIDS and QUAIDS models

The above approach is now applied on Deaton and Muellbauner's (1950a) well-kmown AIDS
and its quadratic extension QUATDS (Banks, Blundell and Lewbel, 1997). The former is a so-
called rank two demand system (see Lewbel, 1987, 1950 and 1990). Fecent empirical analysis
on micre data, howewer, suggested that demand systems should be rank three, which
mmplies that they would be able to display a greater variety of shapes of the Engel curves
than rank two models (see. e.g. Lewbel 1991 Elundell Pashardes amd Weber, 1993 and
Banks, Blundell and Lewbel, 1997). Following this result Banks eb alii (1997), derived a
complete class of integrable, rank three quadratic logarithmic expenditure share systems
and proposed the appealing model QUAIDS which belongs to that class and which nests
AIDS.

Demand systems of the above class have indirect niility functons of the form :

A 1 PP T B
12 vixp -[| I {.ﬂ}]
LY F:I} &
where hgx;;gdp} is the mdirect utility function of a PIGLOG demand system and Afz)

is a differentiable, homogeneous of degree zero function of p. One particular member of this
class of demand systems is QUAIDS and is specified as follows

. 1 R
{13} logdlp|-a +Xm logp +5 7. Xy logps logp
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where equations (13) and (14} are the AIDS specification of the FIGLOG cost fiumction. Filling
mn the above three equations i equation (12) resulfs in the QUATDS mdirect uiility function :
| -1

- 1 )
log x—my —Etlﬂk hEF’t-ngE}'h log p; log

16 wlxpl= : +2 4 logp,
IEs "
which corresponds to the following cost fumciion
[}
o) 1 Alx
1 du.p)= 22 T vy logpelogpy + =~
A7 logdu.pl=ay+ Larlopp+3 2 X1y P logp; + o

If all i, coefficients in equation (17) are set equal to0, then the QUAIDS cost function
reduces to that of AIDS. Applying Roy’s identity on equation (16) (or altematively applying
Shephard's lemma on equation (17) and substituting u for the indirect utility function), we
get the QUAIDS budget share equations :

18)  w, —a, +5 1-|:|g| MP}J ,,I lluﬂ =) E}:.lug.ﬂ.

fori=1.....n and where log aip) can be approximated by the Stone price index » wy logp;
E

{zee Deaton and Muellbaner, 1950a). The QUATDS budget shares reduce to those of AIDS if
A;=0 for alli. In that case the rank three Engel corves of QUAIDS reduce to rank two
Working-Leser Engel curves.

Adding-up requres the following restichons t© be  satisfied

E'I' —LEﬁJ -ﬂ,EAJ = and E}'{, =0 for all j. Homogeneity is satisfied if ET-'J -

for all i The conditions to satisfy symmetry and negativity are most easily shown by using
the matrix E. which consisis of the coeffidents &; :

%y Fx ) BA+EAT (T marl (2T
(19} ko= Liial — =T, ,H.H,Ing.m| ‘:":F} Llnﬂl'-#-'l:l __._[;;;i:LIDﬂI-ﬁ::I — g, + wyan

where 5; is the compensated price effect or Slutsky effect. Slutsky symmetry is satisfied if for
all if ¥4 =7y. while the negativity restriction is safisfied if the mafrix E is megative

semyidefinite.



As alveady menfioned above, because QUAIDS is a rank three model, its Engel
curves have the possibility to display a greater variety of shapes than the rank two AIDS
This is easily seen by making use of the expendifure elasticity:

B 2, . x)

A T

L ™

Commodities are hosury goods or necessities throughout the whele expenditure
range i = 0 respectively [ < 0). Contrary to this. in the QUAIDS case the character of the
commodities depends on the level of total expenditures. With a positive 5 and a negative 4.,
.., the elasticity will be greater than unity at low levels of expenditure. If total expendifures
mwrease, and fhe second term in the right-hand side of equation (200 becomes more
mmportant, the expenditure elasticity eveniually becomes less than wnity. Equabion (20}
allows thes for certain goods being hwvaries at some income levels and necessities at ofhers.
Uneompensated price elasticiies umder AIDYS and QUAIDS are respechively given by -

_ﬁl'wl Fi
@ ep-telios,
f P _L'H. 2
i X
{23} u _-ﬁl.w_l-. }r’.' . :2.1' lﬂér’ X f I"'I_.' Al.bfrl'lﬂé“-ﬁ;x
E, == +—— b B L] T
R R 7|

Ik is mow easy to franslate equation (1E) info & two-stage demand system The first
stage cost funchion of QUAIDS (which is the dual representation of equation (5} and which
consists of total uility and Paasche or Laspeyres price indices) can be written as follows |
L u]:[Pg':

24) u.Fl=o, +¥ o logP. += Yo logP logP, +———————

log il LE log EI.E% g logF; logFy, 1-u3 i log P

G
which gives the AIDS cost funchion if all ic coeffidents are set equal to(. Applymg
Shephard’s lemma and after substituting w for the mdirect utility funchion, we get the
CIJAITYS fand of course AITYS under the above condition) first stage budget share equations

- LY Fa w2
i [ i \
3 wgeg +ﬁ'.|~1ﬂ5-‘-'— %WH log PHJ +m¥|__]=‘5 x —gﬁ'H 1’“53@}] + g.'l"-:'ﬁ log Fy
A

for &=1.... and where total expenditures are deflated by the Stone price index. With the
appropriate index changes. the same theoretical restrictions as above apply to (23).



The secomd stage of the two-stage allocafion problem amounts to applying
Shephard’s lemma and substiniing the group uiility by the group indirect uhility fmcton on
the following second stage QUAIDS cost fumckion
H\.:]___[ﬁ:.

-

1-ug g._lf logp,

r \ - - 1 -
Q0 logeglug.pel|-og < 3 ar logp 0 3 B vy logp, logp, -
= imi=

This results in the within-group QUAITDS budget shares

- i~ o

A G G

+ = logxc -2, W) lug;:_,| +2 1y logp;
E ; L - A i

e

fori e G and &= L1,.... N and whete the same theorefical restricions have to be satisfied as in

i
{lﬂwf -I:!": +ﬁ'-'i.1ﬂg_r;—§rw;: ].I:I‘EF:'J.

ﬂteﬁntstage.Equaﬁun[E?}redmtuﬁeAEﬂhudgetslm&ifaﬂA? are st equal to 0.

2.3 Whak separalulity mposed on the Rotterdamn demiznd system

Up to now, weak separability of preferences was assumed which made the above two-stage
modelling possible. This assumpion, which implies a certam strocture of the Slutsky matrix,
can be easily tested for smaller commodity breakdowns (see, eg. Goldman and Uzawa,
1964 and DMoschini, Moro and Green. 1994). However. by lack of enough deprees of
freedom. this formal testing is almost impossible with a demend system consisting
of 32 commodities. Another approach consists of the explicit imposition of separability on
utility functons, production fimctions or demand systems (see. e.g.. Barten and Tumovsky,
1865, Byron. 1970 and Berndf and Christensen, 1973). Due to the specific functional form of
Fotterdam, where the Slubsky effects are divectly caphured by the price coefficients. weak
separability or blocksvise dependence is very easily imposed on it (see Theil, 1974).

Comsider the Fotterdam demand equations :

i i
{28) w,dlugql-hldlugx—zw*dlug;:hhzrnilugp, i=1l..m
L k 4 i )
. o PiPiSi ) . .. .
where b =p, o ard E*"-T' Adding-up is safisfied if the real expenditure

parameters hsum to one ie » b, =1, and the price parametersc; satisfy the
condition ¥ c; =0 for allj. The homogeneity restriction requires that for alli ¥ c; =0.
Symmetry is satisfied if for alliand j ¢y =c;. Finally, negativity requires the mafrix C
consisting of the elements ¢; being negative semidefinite.

Weak separability implies the following strocture of the Slutsky effects for alli = &
andjeH:
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where gy 1s the Fronecker delta, 5:, is the within-group Sluisky effect and Aqy is the
intergroup substifution effect. Substituting the Sutsky effects of equation (29) into the price
coefficients of equation (23} and summing over all goods belongng to commoedity group &
results in the following first stage demand equations

& %,

dlopx-Y wydlogP} |+ condlogP; far G=1_N
H 5 N

(30) E-.J.Jﬂ-].-l:l q,-::lr

P

where bg =2 B, c.L-,_.,--;, dlogPy = 9 wydlogp, (the Divisia price index) and
= e
) '5":Ft'h|
alogPy = Tﬂmnpt {the Frisch price index). The same theoretical restrictions as in

beH
equation (25 apply to the first stage Fotterdam equations.

Femark: that in fhos first stage allocation model, the restrichive Gorman condibons or
the approximate sohntion as in the former section, are evaded by the use of fwo price imdices
per commodify group. This approach assumes that the correct first stage allocation is kmown
af a certain period’s prices and total expenditures. As long as there are only small changes in
these explanatory variables (5o that the associated coefficients can be treated as constants),
the consumer is able to continuously wpdate her group expendifures by means of the above
two sets of price indices (see Gorman, 19770).

The allocation of group expenditures to within-group commodities can be written as
follow:s

b

31) wlidlogg =k |d1ngx-—‘:r“m ulua;: +‘:Tc*.ﬂngp,

where b _;.:-J% and cf _P'z’s':' - Mote that the same restrictions apply as in the first
stage demand model

The first and second stage parameter estimates can now be linked to obtain total
parameter estimates. as if the system was estimated in one shot rather than in two stages.
Mote that this approach differs from the case where weak separability was assumed and
where first and second stage easticibes are directly linked to each ofher. It can be shown
that the Fotterdam total parameter estimates can be derived as follows:

32) B =b.b"

5 i . G jH
{3\:"} I'.'!‘.' —E‘:H 'l:fl Sl "‘*'-':H'-hJ .F-I.'

10



These can then be used to calculate the total expenditore and uncompensated price
elastcities which are given by :

b,
38} E=T

L]

I:{,-J by
) e
In the next secton. we forus on the estimabion of the above two-stage budgeting AIDS,
QAN and Fotterdam demand mucdels.

3 Data and first stage estimation resulis

The two-stage demand models AIDS, QUAIDS and Fotterdam were estimated om
aceregated data of the Belgian Mational Accounfs from 1053-19892. The first stage conststs of
a thirteen commodity breakdown : (1) food. (2) beverages, (3) tobacco, (4) clothing, (F) rent.
{6} heating, (7) lighting, (E) durables, {9) housing, (10 personal care, (11} fransportation,
(12} leisure goods and (13) services. Four commodity groups were further disagpresated :
food, beverages, heating and transportation’. This resulted in the joint modelling
of 32 commodities. Both AIDS and QUAIDS were estimated in first differences by making
use of Zellmer's Seemningly Unrelated Fegressions (SUE). The two-stage Fotterdam modal
was estimated by maxdomm likelthood estimation within e DEMMOD estimation package.
developed by AF. Barfen. Infercept terms have been added to all models af both stages. in
order to caphure possible ime trends (e.g.. as a result of taste changes). To deal with the
population merease, expenditure per capita appears at the right-hand side. With regard to
the perfect nonlinear aggrepation properties of AIDS and QUAIDS, this can be done under
the assumpiion that the expenditure distibubon and the demographic composition
remained the same during the sample period (Deaton and Musdlbaner, 1980b). Due to the
fact that conmcavity of the cost fumcton canmot be mamtained over the whole price-
expenditure space under AIDS and CRUAIDS, only the adding-up. homopgeneity and
symmetry condifions were explicifly imposed on these systems. Cn the confrary, the

Due to limitations of space. not all estimations (five complete systems per twio-stage
demand model} can be discussed thoroughly. Therefore attention is restricted to some
general resulfs of the first stage estimations.

* Data of the commodibes within the group heating, werne only avadable from 19731989,

! Food consisls of (1) bread, () meal, (5 Beh, (3) dairy, (3 odls and fats, (B) potatoes, weprlables and frwdl, [ oo,
e ard chicory, (8) sugar ard jam and {%) other Fioaad. beverages is broken dowm in (1) waler and s0ft drinks, (2) beer,
3] aleahed and (4) wine and cthers. The commodity group heating is divided i (1) coal, (2] gas, (3) electracal heabing
and (4] cdl fuel Finally, ransportation conssts of (1) costs or own ransportation, (2) dissel od, {3) gascline, (4) LPC,
%) public transporiation and (&) other means of ransportaton.

11



Table | presenfs the expendifire and own-price parameter estimafes and the
accompanying standard errors of the first stage AIDS, QUAIDYS and Fotterdam systems. As
can be seen from the results, most of the parameter estimates are significantly different from
zero at a significance level of 0.05. Important for the QUAIDS case is that nine parameters
associated with the quadratic real expenditure term (1) are significantly different from zero.
The parameter estimates on fheir owmn are not so flluminating to compare the different
demand systems. Moreover, opposite to the AIDS and Fotterdam cases, it is impossible to
determine with a glimpse which goods are lwmuries and which are necessities, respectively
mferior and normal for QUAIDS from table I Therefore, it makes sense to waite the
parameter estimates into elasticifies and to check whether they are not conflicting with a
prior expectations. This question will be taken up in the next secton

Table 1

First stage restricted expenditure and own-price parameter estimates
(Standard errors between brackets, * parameter sipnifican

Food
Beverages
Tobacco
Clothing
Fent

Heating
Lighting
Crables
Housing
Perzomal care
Transportation
Leisure goods

Services

AIDS

P Yoo
40.00233 009184
[ T =L
0.00276 0.02829
inmge)  inzze
001336 0UO07ET
([ T e
004340  0.03688
([ Vi 1 (R T
0000049 000389
[ R T
001812 0.03367

(O2EZ (s
00135 001505
R (2

016335 Q.09347
LT E | e
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The results of the statistical testing of the theoretical resirictions are shown in table 2 In the
case of Fotterdam which has been estimafed by means of madnmm likelihood, the
likelihood ratio test was used. To test homogeneity and symmetry for AIDG and QUATDS,



the T™ test statistic of Gallant and Jorgenson (1979), which s analogons to the Hkelihood ratio
test. was refained?. As can be seen from the resulis homogeneity s not rejected at the 0.05
significance level for AITYS and QUAIDS. On the contrary, homogeneity is rejected for the
Fotterdam case. However, the likelihood rafic test is strongly biased towards rejection of the
homngeneity restriction for systems with a large number of equations. A test which is better
fit for large systems 1= the Laitinen test statistic (Laitinen. 1978). Omn the basis of the latter,
homogeneity camot be rejected for Fotterdam at  the 0.05 significance  lewel
(142 <F1211)=279. The much stronger symmetry restricion is rejected for all three
demand systems. As can be seen from table 2, also the negafivity condifion is rejected at
the 0.05 sipnificance level®.

Table 2
Testing the theoretical restrictions on the first stage AIDS, QUATDS and Fotterdam systems

AIDS QUAITS Rottenda

o
g ™ vids £'(0.05)
Homogeneity 50814 97136 385124 210261
Symmetry 1609655 1214562 1561276 850515
Negativity 366022 04877

The rejection of the theoretical restriciions is not at all a new result (see. ez Barten 1969
Christensen, Jorgenson and Lan, 1977 and Deaton and Muellbaner, 1980a). The question
artses in how far one should be worried by the wiolation of the theoretical resirictions. From
an empirical point of view, one can say that one should not lay too much weight on the non-
satisfaction of the theoretical restrictons. If according to the data the concavity of the cost
function is rejected and the theory says that this is a necessary condifion, who cares?
Moreover, given that most of the parameter estimates are significanfly different from zereo,
the demand model is able to predict fairly well {which is a primary aim for a demand
system that is a possible basis for a good microsimmlation model). However, the violaton of
the theoretical restrictions has far-reaching consequences for welfare analysis. In order to
make mearmingful welfare evaluations by means of a cost functon, it is necessary that the
latter is concave. Also the caloulation of true cost-of-living mdices and optimal taxation
results are only possible with well-behaved cost functions.

To conclude this section, we will test whether AT is a restmiction on CTATITS. This
is dome for both the first amd secomd stage estmabions. Therefore. the Gallant and

i The change in the kast-squanes critemion function which is minimised under SUR, multiplied by the number of
chaprvations can be seen as an asympltotically valid chi-square test with degrees of freedom equal to the difference in
thir namber of froe paramseders in e unmestncied and the restricted medits.

¥ It 15 mot chear how many degrees of freedom one shoald ke mo account to est e negativity condtion usng a
bkelihood ratio test, bevanse this condition is an mequality restrction. Following Barten and Ceyskens (1975), the
rumber of negatve Choleskoy values (which ane a by-product of the Chalesky decomposition aof the Rotterdam matnx
of price ooefficien ) under the symmedry condibion is taken as the rumber of degrees of resdom.
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Jorgenson I™ test can be used again Except for the commodity group heating, AIDS is a
restriction at the 0,05 significance level on the basis of table 3. As to the first stage estimation,
this strengthens the results of table 1. where nine i:"s were significantly differemt from zero.
This seems to sugsest that the ectension of AIDS with a quadrafic term i deflated
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Table 3
Is AITYS a restrichon on QUATTS 7

" #4005 Conclusion

Firststage A =0 g-1..y 583819 210261 Restriction

Food A7 =0 j =G 173781 155073  Festmction

Beverages A7 =0 i =3 109677 78147  Fesimchion
Heating A7 =0 ja=5 44690  7.EL47  DNorestmction

Transportatbon A7 =0 i =3 574435 110705  Eestmbchion

After the nwore gpaneral discussion of the (partial) first stage esiimation results. the following
sections will focus on the empirical performance of the total two-stage demand systems.

4 Comparison of the partial and total elasticities

Table 4 presents the expenditure. the uncompensated and the compensated own-price
elasticiies of the frst stage estimations of the three systems evaluated at budpget shares
of 1987, As can be seen from the results, the elasticities differ largely in magnitude across the
different demand systems. Only in six cases the goods have the same character with regard
to the expenditure elasticities (ie. food, lighting personal care and tansportabion are
evaluated as necessities. while clothing and durables can be seen as hwary goods). All
commindifies are evaluated as price melastic Femark that two goods (heating amd
transportafion under both AIDS and QUAIDS) have posibive compensated own-price
elasticities, which is the most clear ndicaiom of the rejection of fthe negative
semidefimitensss of the Shutsky matrix.

Table 4

First stage expenditure. uncompensated and compensated own-price elasticfies

ATDS QUATDS FRotter. ATDS QUAID  Rother, AMS OUTAIDS  Rolter
]
Eg Eg Eq Ega Lo Ega L L Ega

Food 0421 0.863 0.9240 0378 033 DAl 03504 0203 -0.736
Beverages L1060 0.563 1.245 frXd 9455 0550 0251 D433 -0 450
Tobacco 0.024 £1.331 0.618 Q484 0230 0807 0484 0285 -00a
Clothing L.a02 1786 1.714 5% 4035347 0700 L4530 D41z 0670
Femif 0.159 0354 00588 Q000 00E7 0068 0070 -DEs -004a
Heating 1.570 0.807 445 0.020 0143 0314 0050 0168 0457
Lighting 0.923 0.303 0.635 0140 0132 0147 0124 0127 0156
DCharables 2 XI5 1.676 1.986 L4400 §3xp 0739 0151 0126 0474
Housing 0.876 0446 1.204 L0 0331 0950 Qo622 0504 00502
Pers. care 0.a32 0924 0.601 L4400 §47s 00158 0345 0323 -0l
Transport 0.790 0.527 0.702 0016 0083 0260 oo 0120 0220
Laisure 1020 1.363 0910 Ol7e  Olsl 00350 0050 0033 0245
Services 1169 1470 0.630 0487 0624 0225 0397 0510 0175



Table3 shows the partial expenditure, uncompensated and compensated owmn-price
elasticifies of the second stage demand systems, evaluated at 1987 within-group budget

shares.

Bread
Meat

Vegetables.

Cinffes

e

CHher food

Soft drinks

Alcohol
Wme

Heating

BElectrical
] foel

Tranzsport

Chwm rams.
Gasoline
Cresal oil
LP=
Public
trams.
CHher

AIDS QUAIDS Fother.

'EI!..
-00e3
L1733
0303
0.143
0.310
1457
0358
1245
0.520

Lr

0.922
0.aa0
0.585
1132

L

0.185
0.787
L0535
1362

AT
El\:

2057
0.0z
0073
0034
A0LGE2

o1z

'EI!..
0414
1473
0.893
0229
0.697
1378
0.078
1440
0.933

QUAIDS
EII\.T
0374
0.335
1374
1322

QUAIDS
EII\:
0.978
0.568
1.037
L10G

QUAIDS
EII\:
1329
1.702
-1.520
0.314
0.043

-L4ls

El'n

03
Logd
0405
Qo2
0B
L520
LO75
L167
0.306

Faotter,

Qetl
L1323
1371
074

Fuofter.

QUB5S
0512
Qo440
L575

Faofter,

1000
0004
-1L.757
-0.673
-0u0ad

0450

Table 3
Second stage expenditure, immeompensated and compensated owmn-price elasticities

0710
0144
0470
-0.510
QuoE3
-Jupds
0033

-0.788

QUAIDS
£ wid

i

0548
0550
S6EL
0028
0414
0473
0211
0503

-LXFF

QUAIDS
E wid

v

SIS
S0EST
765
A0ERE

QUAIDS
wid
0231
0477
0553
0548

QUAIDS
wid
0939
1260
1286
1312
0172

-2.059

Eotter.

Eﬁ

-0.447
-0.047
0444
0115
0211
-0.670
0215
0645
0757

Eotter.

w3

-0.254
-L01E
-L.055
-0.691

Eotter.

w3

0172
-0.275
-0.045
-0.858

Eotter.

Eﬁ

-1123
-0.876
-0.541
-0.544
-0.426

-0.746

AIDS QUAIDS Fotter.

E..-l'n

-0.474
-0.297
-0.673
0126
HELS
0312
0100
-0.560
-0.915

AIDS

oif

0177
-0.550
-0.678
-0.397

ATDS
ol
-0 166
-0.24
-0.324
-0.2149

AIDS
E..-l'n

-0.300
-0.301
-0.3492
1133
-0.300

-L073

Eﬁ

0402
0377
0625
0.001
0445
-0.r0d
0213
067
-1.233

QUAIDS
E o3

0.0a7
0560
0506
0457

QUAIDS
£ ofd

0131
0172
0418
000ET

QUAIDS
£ ofd

0350
0608
-l4za
L1313
0055

-2 155

£
0453
0336
419
0112
0170
0dpd
0184
0574
L4719

Fotter.
0053
0387

0887
0463

Faofter.
0083
0095
0014
0201

Fotter.
0CHR6
0542
0718
0547
0432

0723

In gemeral the same conclusions as in the first stage estimation can be drawn. Elasticities are
rather different across the different demand systems and most of the goods are evaluated as
price melastic. The elasticifies not only differ largely in magnitude also the commodity
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character, with regard to the expenditure elasticities, differs from one system to another. The
Lawr of demand (negative compensated own-price elasticiies) is violated in a couple of cases,
which points to the fact that group cost funchions are not concawe as they should be.

Table &

Total expendifure, uncompensated and compensated own-price elastcities

Bread
Meat

Vegatahles
Cpffes

Suear
Crher food
Soft drinks

Alcohol
Wme
Tobacco

ADS QUAIDS

E

S0y
0.730
0.250
0.0a0
0.151
0.6L4
0.245
0.524
0.219
0.980
L7
0.9%46
111
0.024
L0z
0.159
0201
L2336
L4657
2 137
0.923
2 3125
0.570
0032
L5l0

0.717
070
0.027
0539

0010
1024
L1169

£

0357
127
0771
0198
0.a01
1146
01067
142
0523
0323
0498
0774
0.745
-0.331
1786
0354
0738
0.701
0837
0.2
0305
1e7t
0326
082
0.701

0.8a7
-0.502
0.la6
0300

-0.747
1383
1479

Fotter. AIDS QUAIDS FRotter.  AIDS QUAIDS

E

00
L1565
0.370
0.020
0.765
1413
0.904
L0as
0.365
0860
Lo
L7058
0.027
0.6L58
1714

0U0EE
2004
1253
L3558
3.856
0.G35
L1986
L1204
0601
1397

0595
-1:333
0472
0022

0.343
0,010
0.650

£
0471
-0.533
0657
-0.133
0.250
-0L387
0.094
-0.38
-0.924
0244
0573
-0.710
-0.608
-0.a54
-0.556
-0.090
-0.165
0183
-0.318
-0.1%
-0.140
-0.440
-0.596
-0.440
-0.320

-0.306
-0.350

L1133
-0.305

-LOF3
0178
-0.457

£,
-0.511
-0.559
0645
-0u00e
0436
-0.358
0212
-0.638
-1.249
0033
-0.700
-0.673
-0uo38
-0.250
-0
00087
-7
-0.129
-0.309
0021
-0.132
-0.350
-0.351
0425
-0.332

-0.650
-1.452
L1313
-0.075

-2 160
0016l
-0.624

£
0452
-L1B6
0431
0113
<0200
0728
0213
ey
07
0148
0550
-L.00%
0560
0507
0700
0,038
01x
0146
0045
0,704
0147
0,740
0938
0158
0600

0.7
0620
0547
0432

A07E
0350
0225

£
0471
DAET
0654
SN
0451
0372
0.005
S.502
0oz
0234
-0.660
0705
A0L.6E3
0454
0436
0071
.1e4
0.17e
0311
0167
0124
0151
0662
345
0273

-0.250
0.596

L133
0300

-L073
0050
0307

£
-0.503
0481
0630
-0u005
0221
0330
0212
-0.625
-L242
0038
-0Le0d
-0.609
-0Le0
-0.2B5
0412
QU045
0114
0121
0306
-0u010
LE
0126
-0.362
0323
0313

0629
-1438
1313
0073
-2 162

-0u033
-0.510

Eotter.

C

0453
-LOE7
0427
011z
0154
-0t
0208
0635
-0.724
01440
-0.E50
0907
0548
0,797
-0.670
-0.049
0115
-0.132
-0.042
-0.653
0,136
0473
-0.502
-0u0aL
-0.655

-0.762
-0.635
-0.548
-0.432

0.7E
0265
0175

Tables & and 5 presented partial elasticities which were obtained by respectively the first amd
second stage estimates. Table & comcentrates on the total elasticibes, which are obtained by
linkmg first and second stape estmates {in the Folterdam case} or by linking first amd
second stage elasticiies (AITS and QUATIDS). Given the rather different elasticities acoss
the first and second stage demand systems, 1t should not be striking that this conclusion also
applies to the total elasticities. The systems rather apree with each other with regard to the



uncompensated own-price elasticities, which are in most of the cases price inelashic. Less
agreement between the systems can be foumd with regard to the expenditure elasticibies.
Cmly 12 of the 32 commodities have the same character acress the models {most of these
goods are necessary). The most siriking differences are given by coal (which is a strong
by good in Feotterdam ) and oil fuel On the other hand. the expendibure elasticifty of
diesel oil Is simdlar across the demand systems. Though the inferior character of that
commodify remains somewhat counterinfuitive. The total price elasticiies are mamly
mfluenced by the second stage price elasticities (see equation (3)). An obvious consequence
of this is that the violaton of the law of demand within the second stage Is camrled over to
the total compensated own-price elasticities. This is the case for soft drinks in the QUATIDS
case and oils, coffee, [P I both the ATDS and the QUTAITYS cases.

Following former studies (see, eg. Parks 1960, Elevmarken 1970, Decoster amd
Schokkaert, 1900 and Bartem, 1903), we can conchode that the obtamed elasticibies differ
largely across demand systems and that on the basis of the latter no system outperforms the
others in a convincing way. Moreover, on the average most of the above elasticities seem
more of less reasonable. However, it should be bome m mund that ex post almost every
elasticity can be defended. To be able to disoiminate against a system, we will in the mext
sections pay attention to the empirical performance with regard to goodmess-of-fit and
forecasting accuracy of the three fwo-stage demand syshems.

5 Goodness-of -fit measures

In this secion. we resirict our attenfion to the sample period performence. which is
examined by some goodness-of-fit measures.

Table 7
Coefficients of determination
AIDS QUAIDS Fotterdam

R! Fi{adj.) R! Rifadj ) R Ri{adj )
Food 0.4720 0.3564 0.4062 0.3626 0.6568 05834
Beverages 0.3079 0.1540 0.2631 0.0678 0.3840 0.2470
Tobacco 0.5277 04233 0.5631 04474 0.7167 0.6541
Clothing 0.3950 0.2614 0.4079 0.2510 06513 0.6100
Rent 0.9437 0.8312 0.9709 09632 01540 00319
Heating 0.7820 0.7338 0.8128 0.7632 05725 04780
Lighting 0.5724 0.4770 0.6770 0.5025 0.3062 02627
Durables 0.6620 0.5873 0.6710 0.5850 0.7047 0.6304
Housing 0.2625 0.0005 0.3823 0.2186 0.5286 04744
Personal care 0.5029 0.3931 04083 03653 03103 01579
Transportation 0.7118 0.6451 0.7638 0.7012 03133 0.1615
Leisure goods 0.5119 0.4040 0.5857 04750 0.5180 04176
Services 0.3204 0.1813 0.4754 03330 03483 0.2043
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Table 7 shows the cosfficients and adpusted coefficients of deteroination of the Grst stage of
the three demand systems Femark that the coeffident of determinstion is only an
approximation of the goodness-of-ff of an individual equation. The reason for this is that in
general, system estimation does not minimdse the residual sum of squares of a single
equation and consequently does not maximise the explained part of the regression (see. e.g..
Bamdt, 1991} Moreover, the coefficlents of defermination are mot comparable between
Fotterdam and the other two systems becanse of the fact that the dependent variables are
not the same. Cn the confrary, AIDS and QUAIDS are comparable to each other. On the
basis of the adjusted coefficients of determination, QUAIDS seems to provide the best Gt
Cnly for beverages, dothing, durable goods and personal care, a higher adjusted coefficient
of defermination is obtained in the AIDS case.

A better goodness-of-ft measure is Theil's mformabion maccuracy (Thed and
Mnooldn, 1966). Opposite to the coeffident of determination, this measure takes the whole
{two-stage) demand system into account m that it gives each commedity an appropriate
weight in the measure. This measure. which is based on information theory, is for a single
year defined as follows :

Go)  L-Fw,logg"

where w, and @, are respectively the observed and the estimated budget shares of
commodity { in year #. A measure for the whole prediction set (or parts of it) is provided by
the average information maccuracy

@7 f-%@!.-

where T is the number of periods. The procedure to obtain predicted budget shares of the
three demand systems was as follows. Things are most simple in the AIDS and QUAIDS
cases, where changes in first and second stapge budget shares were sequentially estimated by
means of the first difference form of equations (25) and {27} and linked to each other by .
B8 Dy i B = (g + A |- (wE + BT

Use is made of the budget share change decomposifion to obtam the budget shares in the
Faotterdam cass :

39 dur; = wydlog g, +uwdlogp, —wdlogx

& It can b showen: that the mformation Naccuracy &5 posibve a5 Soon as thene ane pairwise dufferences i observed and
estimaind budget shares. Moreower, 1E alse lakes into accoant the relative forecashing errors. This ts eastly seen when
it obsorved and esbhmabed budgel shares ame nod oo far from pach other, where in that case the miformaBion
macruracy can be approsmated as follows :

1

I.' *:E

L7 L

(- ) :
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To get the changes in the first level udget shares w,. equation (39) is summed over all
commodifies { G ¢
40}  dwg -7 dw =y widlogyq + 2 wdlogp — ¢, wdlogx
e i i i

where the first part of the dght-hand side is the dependent variable of the first stage
Fotterdam demand system (see equation (30)) and the other two parts are changes in prices
and expenditores which are taken as given. Femark that in practice the finite change version
of eguation (40) is applied’. Fredicted changes of the second stage budget shares are
obtained by the finite version of equation (39 where the indices are appropriately changed
{see section 2.3).

Tahle & shows the results of the application of the above concept on the two-stage
ATDS, QUTAIDYS, Rotherdam and a naive model for each vear separately. for four subperiods
and for the entire sample period®. This najve model predicts no change at all in the tudget
shares. ie.:
) oy -,
It corresponds with the assumption that all expenditure elasticities are equal fo undty, while
ownl- and cross-price elasticiies are respectively minus one and zero.

Table &
Average information naccuracies of the in-sample budget share predictions
AIDYS JUAIDYS  Fotterdam Matwve

modal
Lo 5.00eE-D4 G.600E-d 5.003E-H L320ED3
Liors 7.018E-D4 7O0EE-d LDOOEE-D3 2 U57EDS
Tioms o.005E-4 4 457E S3.703EAH L 420E03
Liorr 4515E4 3. 700E-d SAMEH LO51ED3
Lsrer 5.7BeE-D4 5.640E- 6.806E-4 L713ED3
Thora 1444F 4 4 103E SOR0E-4  9SEOEM
Lioma 3476E4 3T717E 4 005E-4 L 109ED3
Lien 4 150E-4 4 335E 3.TEIEH LDodED3
T 5016E-D4 4 871E 5MEM  2Z2I0ED3
Tares 1 408F -4 43 4 TTEE-M LM3ED3
Ty OLEOTE-D4 4 O00E-(d T.000E-H  ToE4
T 3E40E-(4 33A0E SALEE-H 900oE(4
Tiows 4 533E4 47]3E SOMEH o 3TIEM
Tioes 5. 126E-D4 3. 117E THME-M o0o0Ed
Toassas 5.808E-4 5. 145E4 0.I24E4  T400E4
Tioms 3.I72E4 4 113E T.O03E-H 2407E03
Lier - B S R 140:E-(4 o.OME-4 L 482E03
Tiiwa 4 087E-D4 3.630E-Dd 0 700E-D4 1 27eE{D3
Tiwa 3.603E4 3.067ED 4536E4 FodoEM
Irassaw 1 075E4 3.077EA 0.953E-H L934E03
Isreaw SMIE4 4 30E 0. 190E-H 1 40ED3

* Due to the fact that the variabon in bogp; and logx is larger than the change in the: budpget share, m, can be eplaced

by i1 i the fintle change version of equation {415
! Bemnark that averags information maccuracks coubd anly be caloalabed from 1974-8%, due o the fact that there were
only data available for the commedity group heating from 19735 an
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As can be seen from the results, QUAIDS has the smallest average information inaccuracy
for the entire sample period and for each of the four subperiods. ATDS seems to occupy the
second place in fithing the data and has a £t that is not much worse than that of QUATDS.
This is i line with the comclusions that possibly could be drawn after the discussion of the
estiimation results. There it was shown that according to the Gallant and Jorgenson T° test
AIDS was a resiticion on QUAIDS for four of the five systems within the two-stage
allocation process. Moreover, at the first stage. nine of the thirteen coefficients assocdated
with the quadratic expenditore term were sipnificantly different from zero. The three
theoretical demand systems tend to be superior to the naive model, which is the last comer
in the ranking This clearly shows that the investigated demand models highly gain i
explanatory power in comparison with the constant share model These condusions are not
coniradicted by the results for each year separately, where the same ranking as above is
obtained in nine of the sixteen cases. This stresses the dominance of CIUAITS, though closely
followed by AIDS and Fotterdam, over the naive model

A good £t i= only one evaluation criterion for a demand system. The crucial acid test
for the latter is its ability to forecast budget shares, given observed explanatory varables
which were not included in the sample period. This is done . the next section

6 Forecasting accuracy

In this sechon the out-of-sample forecasting performance of the three two-stage demand
systems is examined A first useful measure to discriminate between models is again Theil's
average Informaltion insccuracy. Table 9 shows this measure applied on the three demand
systems and the naive model for the entite prediciion sample (1990-05), fwo subsamples and
each vear apart®.

Table @

Average mformation macouracies of the out-of-sample predictions
ALY QUAIDS  Fotterdam Maive

model
Tiuma LISIEDS: LT7I0ES  ES70LE4  BO03EH
Tz 1303E-04 1 45FEM L 195E44 L HAE-

Lims 2553E-04  2&E3EM J022EM 4726EM
Tessnraz F252E04 FOBXEM  435306E04 0 522PED4
Tioa LI55E-03  L9l0E4Q3  1345EQ3Y 6.335E03
Tiong 3.380E-04 36G2EM 3525E-4 SO0P4ED4
Lims 3 I78E-04 3319E4d  3812E4  A5F3E4
Trawsas o 102E-04  B695EM  0862E-4 22D0E03
Travnas J070E-04 FEEVEM  558MEM L4olE0S

# The predicted budget share was put aqual o the observed budget share fior % of the 532 commodites and that doe o
the fact that sat-nfsample data for these goods were not avadlable.
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Things are a bit reversed in this {small sample) forecasting exercise. Om average the
Fotterdam pwdel seems to predict best. though it is very closely followed by AIDS.
Moreower, both systems ocoupy three times the first place if the information maccuracy for
each separate year is considered. QUAIDS. which had the best goodness-of-fit. cocupies the
third place. The three demand systems clearly forecast better tham the naive model which
predicts mo change in the budget shares.

The robusimess of the above forecasting resulis can in some sense be examined by

the pairwise comparison of the three systems and the naive model by means of some
nonparametric tests. In this case the mull hypothesi= of no difference in prediciion accuracy
of two models i= tested against the altemative that ome of the models produces beffer
forecasts. Consider the following specification of the loss function for system A at Gme ¢ for
share i, which is in general a funclion of the forecast and the observed budget shares :
W) el w, )
The choice of the specific funchonal form of the loss function is arbifrary and depends on
the application considered (see. e.g. Diebold and Mariane, 1995). In our application the
absolute percentage forecast error was chosen, in order to make the loss funchon
mdependent of the weights of the equations within a system. A first nonparametric test that
will be applied is the sipn test (see Lebmarm, 1975). The mull hypothesis of equal forecast
accuracy of two systems A and E is n this case a zero median loss differential d. -

- ﬁ".‘ur_wnrl
{43} mr%] -~ |_

The sign test can be spedfied as follows™ :
T W )
)  S=F 3 Lid)

L |

Wy — Wy oy
- - ml:-lil_li" :I =0

Ir

where I.(d,)-1 ifd >0 and I,(4,)-0 otherwise The sign test statistic S follows the
L

S—E]T'.I'
45 Sy=7

v
tends to the normal distribution. The resulis of the pairwise application of the sign test on
AIDS, OUIAITYS, Fobterdam and the naive model are shown in table 10 The null hypothesis
of equal forecast accuracy is tested apainst the altermabtive hypothesis that the first

= hlote thal we preferred o use hwo sommation signs in arder to drasw aflention o the fact that each sysiem consisis
of W budpet shares and that the forecasting, sample contairs T years (wheee T and N aqual respectively & and 23 inour
PHETCIS)
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menfioned system produces more accurate forecasts.  Only the AIDS - Fotterdam
comparison gives a decisive answer. in favour of the former, at a significance level of 0.05. If
the level of significance is raised to(LL0, ATDS predicks better than the other demand
systems and the naive model.

Table 10
Sign test statisbics and probability that null hypothesis is not rejected
S Sr.l (45
ATCS-CNTATTS i -1.5322% 0063
AIDS-Fotterdam 36 -LETETG 0031
AITS-MNaive model Gl -1 36301 0087
Fotterdam-OUTATTYS DTS 0433

']
QUATDS-Maive model o] 01725 0433
Fotterdam-Maive o] 01725 0433

A test which is in many cases more powerful fhan the sign test, is the Wilcoxon signed-rank
test which is flusirated below (see also Lehmarm, 1975). This test uses both the signs of the
loss differences and the magnitude of these differences. The null hypothesis m this case is
not orly a zero median loss differential. but also an equal distribution of the forecast emrors.
The test is specified as follows:

T W ) .
6 WX T LA, hranid]a, ||

which sums the ranks of the absclute values of the positive loss differemfials In large
samples the test statistic TV, is asymptotcally standard noronal -

INITN + 1)
___ 4

[TNITN + 12T + 1)
L 24

W

4 W, -

Table 11, where the Wilcoxon signed-rank test results are shown, shades the picture that
arose in the case of the sign test results.

Table 11
Wilcoxon signed-rank test statistic and probability that null hypothesis is not rejacted
W W Pi
AIDS-QUAIDS 4307 08576 0.1940
AID'S-Fotterdam 4347 00638  0.1685
AIDS Maive modsl 4400 06403 02578

Eotterdam-TTATDNS 4414 08108 02090
CHTATTS-2aive model 4506 04240 03372
Eotterdam-Ivaive mnodel 4702 -0.0074 04940

& Thiere are as many positive loss differentials a5 negative when 5 = 63 (median).
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Monme of the models is able to beat ome of the others at a significance lewel
of, say, 0.05 or 0.1002. The results of the pairwise comparison of Rotterdam and QUIATDS and
QUAILS and the narve model are tightened up as compared with the sign fest resulfs.
Confrary to this. taling into account the distrbution of the forecast ermors weakens the
results of the pairwise comparisons of AIDS and the other models and of the comnparison of
Fotterdam and the naive model

To conchude this secHon we can state that on the basis of Theil's average
mformation insccuracies the theoretically derived demamd systems seem to predict bebter
thamn the naive model which predicts no change i budget shares. A conclusion which does
not comflict with the results of the nonparametric tests. More care is needed to discriminate
against the three demand systems when they are compared with each ofher. Although
Fotterdam and AIDS had the smallest full sample average mformation macouraces. no
system is able to beat another at fairly low levels of significamce on the basis of the

nonparametric tests.

7 Conclusion

In this paper. the empirical performance was evaluated of three two-stage budgeting
demand systems based on weak separability : the Almost Ideal Demand System, its
quadratic extension QUATIDS and the Fotterdam demand system. Weak: separability was
explicifly imposed on the latter, while for the ofhers we had to resort fo an approcdmate
solution. The three systems were estimated on Belgian time series data and were evaluated
by means of a comparison of the elasticities (both partial and total), poodness-of-fit measures
and out-of-sample forecasting accuracy.

Cn the basis of a comparison of the elasticities, a ranking of the models is neigh on
mpossible. Though the elasticities differ largely in magnitude across the demand systems.
most of them seem quite reasonable. An exception of this are some positive compensated
own-price elasbcites under AIDS and QUAIDS which points to the wiclation of the
negabivity restrichion. In the hight of this, the ability of the Fotterdam system fo impose the
negativity restriction seems to be an advantage over the other two systems.

More luminating are the gpoodness-of-fit measures and the forecasting accuracy of
the two-stage budgeting demand systems. On the basis of Theil's average nformation
macouraces, (JITATDS seems to have the best fit. All three theoreGcally derived demand
systems tend to be superior to a naive model, which predicts no change in budget shares.
This shows that the inmvestigated demand systems are able to explam the data more

2 The median, akng mo account the distribution of the predichion errors, aquals %490 in the Wilcoxon signed-rank
tesl case.



accurately than the naive model This conclusion also arises with respect to the {out-of-
sample) forecasting accuracy of the systems. Things are less clear if one compares the three
demand systems with each other. The cut-of-sample average information inaccuracies seem
to suggest that Eotterdam predicts best (though very closely followed by ATDS) The
forecasting results on the basis of the average information imaccuracies are not so robust,
however. On the basis of some nonparametric tests, no system is able to discriminate agamst
another at fairly low levels of significance.

By the ambiguity of the above resulits (and following earlier results on single stage
demand systems), it is rather difficult to proclaim one of the two-stage demand systems
winner of the contest. If one takes into account not only the above resulfs. but also the nice
theoretical implications of the rank three CQUTAIDS model which is able to capture more
varisty in Engel corves than rank two systems as ATDS and Fotterdam, one can be inclined
to faour (IUAITYS. The full exploitation of this feature, however, will only take place when
the system is applied on budget survey data. which show moch more heterogeneily than
agpresate data A topic for further research. therefore. will be the re-estimatiom of the
expenditure parameters of the systems on micro data, which will be linked to the price
parameters obtained by time seres data. These adapted demand systems can then form a
basis for a new comparison of their empirical performance.
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