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Abstract

A Quadratic Almost Ideal Demand System that allo ws for so cial

in teractions is describ ed and then estimated on CEX data. So cial in-

teractions are in tro duced as mean budget shares and dep end on p eer

mem b ership and visibilit y . P eer iden ti�cation is obtained b y means of

a similarit y index whic h measures the probabilit y of group mem b er-

ship. Re�ection problem is tac kled directly and therefore estimation is

carried on with a Generalized Spatial 2SLS that deal with t w o t yp es of

endogeneit y: the �rst is due to con temp oraneous c hoices of households,

the second is due to con temp oraneous c hoice of go o ds. The results sup-

p ort the h yp othesis that total exp enditure allo cation to budget shares

dep ends b oth on so cial in teraction and visibilit y .

JEL Classi�cation : C31, D12

Keyw ords : So cial In teractions, Demand System, Similarit y , Endo-

geneit y , Spatial Econometrics

1 In tro duction

Men are so cial animals. P eople do not liv e in isolation, almost an y econom-

ically relev an t action and c hoice is tak en in a particular so cial en vironmen t,

and b eha vior of others are lik ely to in�uence individual activities. Ev en if

this can b e considered a common sense statemen t, traditional economic mo d-

els of individual b eha vior assume that agen ts c ho ose in p erfect isolation and
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preferences are not directly in�uenced b y the b eha vior of others. Nev erthe-

less the idea that p eer e�ects do matter attracted a n um b er of economists in

di�eren t �elds, that tried to include so cial in teractions in mo dels of educa-

tional attainmen t, job searc h, crime and deviating b eha vior, early pregnancy

and man y others

1

. Unfortunately , most of the empirical evidence is dra wn

from sp eci�c datasets or natural exp erimen ts, therefore limiting the v alidit y

of the results to particular sub�p opulations.

In terdep enden t preferences w ere considered also in consumption litera-

ture: if Mr Smith buys a brand new car to k eep up with Mr Jones, this

means that Mr Smith preferences are in�uenced b y Mr. Jones' one. The

question is whether so cial in teractions matter in consumption c hoices: is

it reasonable to think that at least for some go o ds consumption c hoices of

friends, colleagues or in general p eers pla y a role in individual c hoices? This

pap er aims to shed some ligh t on this issue.

This study is mainly empirical: although a complete c haracterization of

preferences is not pro vided, so cial in teractions will b e explicitly allo w ed for

and in tro duced as a conditioning factor in a demand system. The ob jectiv e

is to assess their relev ance using a US�wide surv ey as the Consumers' Ex-

p enditures Surv ey (CEX). The results suggest that So cial In teractions do

matter.

The in tro duction of p eer e�ects in an empirical consumption mo del rises

t w o econometric issues: the de�nition of the relev an t reference group for eac h

individual, and a particular kind of endogeneit y , called re�ection problem b y

Manski [16 ]. The estimation strategy prop osed in this pap er tac kles b oth

of them directly . The idea is to use a measure of similarit y to iden tify p eer

mem b ership and on this basis re�de�ne the demand system as a Spatial

Autoregressiv e Mo del (SAR).

Section 2 describ es the Economic Mo del - the Quadratic Almost Ideal

Demand System (QUAIDS) prop osed b y Banks, Blundell and Lewb ell [2 ]

- the separabilit y assumptions needed to restrict the atten tion to demand

systems, the inclusion of conditioning factors and ho w so cial in teractions are

mo delled. In section 3 the dataset is describ ed, the follo wing one is dev oted

to the estimation strategy and results. Section 5 concludes.

2 The Economic Mo del

The framew ork on whic h consumption b eha vior is mo delled is the Life Cycle

Hyp othesis of Mo digliani. The mo del describ es consumers' c hoices as the

maximization of an exp ected in tertemp oral utilit y function under an appro-

priate budget constrain t. The utilit y function dep ends on consumption of

durables and non�durables in eac h p erio d and hours of w ork on eac h p erio d.

1

A useful review is Bro c k, Durlauf [5 ]. Y oung and Durlauf [11 ] tried to put the recen t

literature within a common framew ork.
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In order to reduce this general problem to a treatable one, an in tertemp oral

separabilit y assumption is needed.

T o b e sp eci�c, it is assumed that the ob jectiv e function is in tertep o-

rally additiv e in consumption of non�durable go o ds. It is w ell kno wn that

this assumption implies t w o�stage budgeting: in the �rst stage households

equates the discoun ted marginal utilit y of eac h p erio d and determines to-

tal non�durables exp enditures, hours of w ork and durables' consumption

of eac h p erio d. In the second stage consumers allo cate total exp enditures

to eac h non�durable go o d conditional on leisure and durables c hoice of the

�rst stage. This allo cation pro cess can b e describ ed b y means of a demand

system.

The second k ey assumption is that so cial in teraction matters only at

the second stage. As to sa y , sa ving decisions are not a�ected b y others'

b eha vior, therefore p eer group e�ect on consumption is conditional on total

exp enditure and en ter in the demand system, y et not in the Euler equation

describing the �rst�stage.

While in tertemp oral separabilit y is a standard assumption ev en if it's not

inno cuous (see as an example Bro wning, Meghir [6] for a discussion on lab or

supply and non�durables consumption separabilit y), the second one is not

and it's crucial in this pap er. Binder and P esaran [3] prop ose a theoretic

life�cycle mo del where so cial in teractions' impact on optimal consumption

dep end on in tertemp oral considerations. Ho w ev er, they do not rule out

the p ossibilit y that so cial in teractions matter also in total exp enditure al-

lo cation, and ev en if they infer that in tertemp oral considerations should b e

more relev an t then static ones, their pap er is purely theoretic, so still there

is no empirical evidence on the relativ e imp ortance of p eer e�ects on sa v-

ings and consumption allo cation. F urther on, the second assumption can b e

substituted b y the follo wing: so cial in teractions e�ects on sa vings and on

consumption are separable. In this w a y so cial in teractions in �rst stage are

not ruled out. The k ey p oin t is that whatev er the assumption it is meaningful

to concen trate the atten tion on the demand system.

2.1 The Demand System: QUAIDS

The starting p oin t is the Quadratic Almost Ideal Demand System (QUAIDS)

of Banks, Blundell and Lewb ell [2 ]. This is a quadratic extension of the w ell�

kno wn Almost Ideal Demand System (AIDS) of Deaton and Muellbauer [10],

shares all its features plus it allo ws for heterogeneous Engel curv es. QUAIDS

can b e seen as a quadratic lo cal appro ximation of almost an y demand system

that is exactly aggregable, meaning that it's linear in (functions of ) total

exp enditure. De�ne

I n um b er of consumption go o ds;

H n um b er of consumers;
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m total exp enditure;

wi exp enditure share on go o d i ;

pi price of go o d i and p prices' v ector;

The budget share for go o d i b y household h is

wh
i = � i +

IX

j =1


 ij ln pj + � i ln
�

mh

a(p)

�
+

� i

b(p)

�
ln

�
mh

a(p)

�� 2

(1)

where

ln a(p) = � 0 +
P I

i =1 � i ln pi + 1
2

P I
i =1

P I
j =1 
 ij ln pi ln pj

b(p) =
Q I

i =1 p� i
i

a(p) and b(p) are price aggregators: the former tak es a translog form,

the latter a Cobb�Douglas. It's relev an t for estimation purp oses to discuss

prop erties and p ossible restrictions on these price aggregators: conditional on

a(p) and b(p) demands are linear in prices and quadratic in total exp enditure.

Restrictions on b(p) ha v e to do with the rank of the demand system, whic h

Lewb ell [15] de�nes as the dimension of the space spanned b y its Engel

curv es. Therefore, (1) has a rank lo w er or equal to 3. Banks, Blundell

and Lewb ell [2] pro v e that in an y rank 3 exactly aggregable demand system

the squared term's co e�cien t m ust b e price dep enden t, i.e. b(p) cannot

b e constan t. The authors refer to Gorman (1981) where it is pro v ed that

the maxim um p ossible rank for an y exactly aggregable demand system is

3. Therefore, there's no gain adding cubic and higher terms to the demand

equations. They also sho w that empirical Engel curv es estimated on British

data indicates that the demand system has rank 3. Note that (1) nests

QUAIDS with constan t b(p) , whic h is simpler to estimate at the price of

restricting Engel curv es' shap e. This latter mo del itself nests AIDS. Blundell

et al. [4] obtain a go o d �t with a QUAIDS where b(p) is set to 1 and therefore

rank is 2. In this pap er the c hoice is to write a general rank 3 QUAIDS with

so cial in teractions, but then carry out the estimation setting b(p) = 1 2

.

2.2 Prop erties of Demand Systems

In order to b e a demand system, (1) m ust resp ect adding up, zero�homogeneit y

in p and m sim ultaneously , symmetry and negativ e semi�de�niteness of the

Slutsky matrix of comp ensated price elasticities. All of them but for Slutsky

2

Estimation has b een carried on also restricting to AIDS. Results (whic h are not re-

p orted) suggest that as long as the in terest is in so cial in teractions' e�ect, conclusions are

qualitativ ely similar

4



matrix negativ e semi�de�nitness (whic h therefore has to b e c hec k ed ex�p ost)

can b e mo delled in terms of linear restrictions on the parameters:

IX

i =1

� i = 1;
IX

i =1


 ij = 0;
IX

i =1

� i = 0;
IX

i =1

� i = 0 (2)

IX

j =1


 ij = 0; (3)


 ij = 
 j i 8i; j (4)

(2) implies adding up; (2) and (3) together imply zero�homogeneit y . Con-

ditions (2) and (4) together imply Slutsky symmetry . Among them, if price

aggregators w ere kno wn only (4) w ould set cross�equations restrictions. This

observ ation will b e useful for estimation: conditioning on preliminary esti-

mates of a(p) and setting b(p) = 1 it's p ossible to imp ose adding up and

homogeneit y (i.e. restriction (2) and (3)) and estimate the system equation

b y equation.

2.3 Demographics

With household data consumer preferences m ust b e allo w ed to dep end on in-

dividual c haracteristics, i.e. demographics z 3

m ust en ter (1) as conditioning

factors. Therefore the co e�cien ts � i ; � i ; � i can b e though t as household� h
sp eci�c: they are re�written as p olynomials in z to mak e demographics' ef-

fect explicit. Note also that z include deterministic time�dep enden t v ariables

(seasonal/y ear dummies). Then, 8i 6= 0 :

� h
i = � i 0 +

KX

k=1

� ik zh
k (5)

� h
i = � i 0 +

KX

k=1

� ik zh
k (6)

� h
i = � i 0 +

KX

k=1

� ik zh
k (7)

This is the most general form ulation including demographics. The three

p olynomials need not to dep end on all the K elemen ts of z : it is enough to set

a�priori (or test ex�p ost) the relev an t parameters equal to zero. Substituting

them in (1):

3 z is a K dimensional v ector, where K is the n um b er of observ able individual c harac-

teristics
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wh
i = � i 0 +

KX

k=1

� ik zh
k

+
IX

j =1


 ij ln pj

+ � i 0 ln
�

mh

a(p; z )

�
+

KX

k=1

� ik

�
zh

k ln
�

mh

a(p; z )

��

+
� i 0

b(p; z )

�
ln

�
mh

a(p; z )

�� 2

+
KX

k=1

� ik

b(p; z )

 

zh
k

�
ln

�
mh

a(p; z )

�� 2
!

(8)

where also the price aggregators are household�dep enden t. Restrictions

(2) m ust b e rewritten in terms of the new parameters:

P I
i =1 � i 0 = 1;

P I
i =1 � ik = 0 8k = 1 ; : : : K ;

P I
i =1 
 ij = 0;

P I
i =1 � ik = 0 8k = 0 ; : : : K ;

P I
i =1 � ik = 0 8k = 0 ; : : : K

(9)

2.4 So cial In teractions

So cial In teractions' e�ect can b e de�ned as follo ws: �the prop ensit y of an

individual to b eha v e in some w a y v aries with the prev alence of that b eha vior

in some reference group con taining the individual� (Manski [16 ]). This de�-

nition is as broad as p ossible and in a demand analysis framew ork it has b een

previously called preference in terdep endence (Alessie, Kapteyn [1]), meaning

that consumer's preferences are in�uenced b y the b eha vior of others.

Manski mak es three h yp otheses to explain this empirical observ ation:

1. Endogenous e�ects: the prop ensit y of an individual to b eha v e in some

w a y is a�ected b y the b eha vior of the group. That is, demand of go o d

i of consumer h c hanges with the a v erage demand of go o d i b y other

p eople in his reference group;

2. Con textual e�ect: the prop ensit y of an individual to b eha v e in some

w a y is a�ected b y the exogenous c haracteristics of the group. That

is, demand for go o d i b y household h dep ends on the a v erage total

exp enditure or on the a v erage c haracteristics in z of individuals in the

reference group.

3. Correlated e�ects: individuals in the same group tend to b eha v e simi-

larly b ecause they ha v e similar (unobserv ed) individual c haracteristics.
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Endogenous and con textual e�ect are then �economically meaningful�

so cial in teractions' e�ects, while correlated e�ect re�ects an omitted v ariable

problem, and therefore it is not a so cial e�ect of the v ariet y w e w an t to

iden tify .

Manski sets up a general linear�in�means mo del where the output y
dep end linearly on the a v erages on the reference group of the output itself, of

the indep enden t v ariables and of the unobserv ed attributes. The presence of

the a v erage output v ariable on the righ t�hand�side of the regression equation

rises what the author calls the �re�ection problem�, whic h do es not allo w to

separately iden tify endogenous and con textual e�ects. Nev ertheless, in the

reduced form of the mo del it is p ossible to iden tify a comp osite parameter

capturing truly so cial in teractions' e�ects separately from correlated e�ects.

The aim of this pap er is to detect whether or not there is an y signi�can t

e�ect of so cial in teractions on demand. T o k eep things as easy and tractable

as p ossible, the assumption is that there are no con textual e�ects. In other

w ords the e�ect of the p eers is fully captured b y the a v erage demand in

the reference group. This h yp othesis is somewhat una v oidable: the demand

system is linear�in�means, therefore without assuming out con textual e�ect

it's p ossible to estimate just the reduced form in whic h so cial e�ects are

captured b y one so cial e�ects' comp osite parameter.

No w de�ne the �mean budget share� of go o d i for household h as

~wh
i :=

NX

n=1

� h
in wn

i (10)

~wh
i is a w eigh ted a v erage of individual demands for go o d i , wn

i . The

reference w eigh ts � h
in capture the imp ortance household h attac hes to con-

sumption of go o d i b y family n . Assume without loss of generalit y that

� h
ih = 0 .

4

Alessie and Kapteyn [1 ] de�ne (10) as �mean p erceiv ed budget share�. In

their mo del the reference w eigh ts are individual parameters, as to sa y that

heterogeneit y in preference in terdep endence among agen ts dep end on di�er-

ences in the p erception of other households' demand. In this terms, it can

b e in terpreted as a framing problem: unobserv ed individual c haracteristics

determining reference w eigh ts lead households to �measure� di�eren tly .

In this pap er the assumption is that consumers observ e correctly other

households' exp enditures, and the reference w eigh ts are determined b y the

�similarit y� b et w een agen ts and the �visibilit y� of go o d i :

� h
in = � i � h

n (11)

Where � i measures �visibilit y� of commo dit y i and � =
�
� h

n

�
is the H � H

matrix whose elemen ts represen t pair�wise similarities b et w een households.

4

It's just a rescaling: if � h
ih 6= 0 the system can b e written in terms of •wh

i = (1 � � h
ih )wh

i .
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In this con text similarit y has no direction, i.e. � h
n � � n

h , therefore � is

symmetric and with zeros on the diagonal.

The motiv ation b ehind similarities is p eer iden ti�cation: the b eha vior of

consumer n can ha v e an impact on consumer h 's c hoices only if they b elong

to the same p eer. A micro economic data�set with b oth direct information

ab out reference groups and the required detail ab out exp enditure patterns

w ould pro vide a measure of p eer mem b ership, but unfortunately suc h data

are not a v ailable. Without direct observ ation, the b est the researc her can do

is to infer the probabilit y that t w o individuals b elong to the same reference

group from a v ailable information as ph ysical residence, family c haracteristics,

race, education and so on. The underling h yp othesis is that similarit y is a

v alid measure of reference group mem b ership, and therefore � h
in will b e high if

households h and n are lik ely to b e in the same p eer, vice v ersa it will b e lo w.

Case [8] sets up a mo del where mean demand dep ends on ph ysical pro ximit y:

individuals b elong to the same p eer if they liv e in the same neigh b orho o d.

Conley [9] pro vides to ols to estimate mo dels with generic economic distances,

p ossibly measured with error.

The second factor determining reference w eigh ts is visibilit y: it's reason-

able to think that consumers care more ab out p eer mem b ers' exp enditure

in clothing rather than in to othpaste, i.e. so cial in teractions e�ect matter

more for visible go o ds' demand rather than for non�visible ones. There are

t w o p ossible motiv ations: �rst, individuals ma y not b e able to observ e p eer

mem b ers' consumption of non�visible go o ds as gro ceries or underw ear. Sec-

ond, visibilit y ma y b e a v aluable c haracteristic of go o ds itself. He�etz [13 ]

c haracterizes a class of utilit y functions that dep end on conspicuousness of

go o ds: the idea is that consumption has a direct e�ect on individual utilit y ,

but also an indirect so cial e�ect resulting from p eers observing his c hoice.

No w plugging (11) in to (10)

~wh
i = � i �wh

i where �wh
i =

NX

n

� h
n wn

i

It is p ossible to add so cial in teractions in (8) as a conditioning factor

de�ning eac h � i 0 as a p olynomial in ~wh
i :

� i 0 = ~� i 0 +
IX

j =1

(~� ij � i ) �wh
j (12)

Note it is implicitly assumed that so cial in teractions c hange in tercepts

but not slop es. Restrictions (9) has to b e mo di�ed as w ell:

8



P I
i =1 ~� i 0 = 1;P I
i =1 ~� ij = 0 8j = 1 ; : : : I ;

P I
i =1 � ik = 0 8k = 1 ; : : : K ;

P I
i =1 
 ij = 0;

P I
i =1 � ik = 0 8k = 0 ; : : : K ;

P I
i =1 � ik = 0 8k = 0 ; : : : K

(13)

A t this p oin t to obtain the complete demand system unobserv ables uh
i are

needed. Estimation will b e done in a GMM framew ork, so no particular dis-

tributional assumption across go o ds will b e done. Nev ertheless unobserv able

factors ma y ha v e the same structural dep endence as demands (correlated ef-

fect), therefore the h dimension of the error term will b e mo delled as follo ws:

uh
i = �

NX

n=1

� h
n un

i + � h
(14)

All the I equations constituting the demand system to b e estimated are

then obtained adding (14) and substituting (12) in to (10):

wh
i = ~� i 0 + � i 1 �wh

1 + � � � + � iI �wh
I

+
KX

k=1

� ik zh
k +

IX

j =1


 ij ln pj

+ � i 0 ln
�

mh

ah(p; z; �w )

�
+

KX

k=1

� ik zh
k ln

�
mh

ah(p; z; �w )

�

+
� i 0

bh(p; z )

�
ln

�
mh

ah(p; z; �w )

�� 2

+
KX

k=1

� ik

bh(p; z )
zh

k

�
ln

�
mh

ah(p; z; �w )

�� 2

+ uh
i

(15)

where � ij = ~� ij � i . � i are not separately iden ti�able from ~� i 1 for all i .

This lac k of iden ti�abilit y will complicate in terpretation: pure so cial in ter-

action e�ect, captured b y ~� ij ma y w ell ha v e a di�eren t sign and di�eren t

magnitude from visibilit y e�ect, � i .

The price aggregators dep end no w on all the conditioning factors:
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ln ah(p; z; �w ) = � 0 +
IX

i =1

ln pi

0

@~� i 0 +
KX

k

� ik zh
k +

IX

j

� ij �wh
j

1

A

+
IX

i =1

IX

j =1


 ij ln pi ln pj

(16)

bh(p) =
IY

i =1

p
� i 0+

P K
k =1 � ik zh

k
i (17)

3 The data: Consumer Exp enditure Surv ey (CEX)

and Consumer's Price Index (CPI)

CEX is a detailed surv ey on individual exp enditures. There are quarterly

data from 1980 un til 2002 on appro ximately 600 consumption categories.

This surv ey is issued b y the Bureau of Lab or Statistics, that is the O�ce

whic h publishes the CPI price indexes. The long and detailed rep eated cross�

sections dataset under analysis is obtained merging together CPI prices and

CEX exp enditures. CEX pro vides also a large n um b er of demographic details

ab out individuals, but as p oin ted out in the previous section there are no

direct questions ab out reference groups. The claim is that the information

is adequate to compute similarities among individuals.

In particular, 10 y ears of data are considered - from 1993 un til 2002 -

since in this p erio d the state of residence iden ti�er is a v ailable. F or non�

disclosure problems the v ariable ST A TE is suppressed for some observ a-

tions in a subset of states and it is suppressed for all the observ ations on

some other states. All the observ ations from those states are dropp ed, so

w e are left with observ ations from Arizona, Ark ansas, California, Colorado,

Connecticut, District of Colum bia, Florida, Ha w aii, Illinois, Missouri, New

Hampshire, New Jersey , P ennsylv ania, South Carolina, Utah, Virginia and

W ashington. The heterogeneous distribution of those states across US still

allo ws to dra w p opulation�wide inference (see �gure 1).

Data are summed up at y early lev el, and only households with four con-

secutiv e quarterly observ ations are considered. A t the end the sample con-

sists of 14,272 observ ations. In the app endix means and standard deviations

are rep orted for a set of relev an t demographics on the selected subsample

and on the US�wide sample. Di�erences suggest the sample is represen tativ e

for the US p opulation.
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Figure 1: selected States are dark�blue

4 Estimation Strategy

The estimation strategy is based on the one that Banks and Blundell [2] and

Blundell et al. [4] used. Ho w ev er, an extension is needed in order to deal

with the re�ection problem. The estimation is divided in to three steps:

1. � Matrix estimation: similarities are measured on the basis of a set of

geographical and demographic individual c haracteristics.

2. Equation�b y�equation estimates: parameters on eac h equation are es-

timated after imp osing adding�up and homogeneit y restrictions (13)

and (3). Using the Generalized Spatial 2SLS (GS2SLS) pro cedure of

Kelejian and Pruc ha [14] the re�ection problem is tak en in to prop er

accoun t. GS2SLS estimator is a GMM spatial estimator within the

class de�ned b y Conley [9]. The author pro v es that as long as esti-

mates in step�1 are imprecise measuremen ts of true group mem b ership

probabilities, but they are not mis�measuremen t, step�2 estimates are

consisten t

5

.

3. Restricted system estimation: a Minim um Distance estimator is ap-

plied to step�2 estimates of parameters to imp ose cross�equation re-

strictions (4).

5

An imprecise measure is a measure that is correct up to a certain lev el, as home�w ork

place tra v eling distances up to cit y detail but not b ey ond. A mis�measuremen t is a truly

incorrect distance, as a transformation applied to true distances

11



4.1 Similarit y Matrix estimation

The claim is that t w o individuals are lik ely to b elong to the same p eer and

therefore p ossibly in�uence eac h others' c hoices if they liv e close, they are

observ ed in t w o not�to o�distan t p oin ts in time and they share some house-

hold's c haracteristics. F urther on, a short ph ysical distance is considered a

prerequisite for p eer mem b ership.

Giv en these assumptions similarit y b et w een agen ts h and n , dh
n , follo ws

a lexicographic order and it is computed as follo ws:

1. T w o individuals are assumed not to b elong to the same p eer if they

liv e in di�eren t States, or in the same State but in t w o cities with

di�eren t p opulation size, or if one is observ ed b efore 1997 and the

other after that date. Therefore, pairs of individuals h , n with those

c haracteristics ha v e similarit y dh
n equal to 0.

2. Otherwise, if h and n liv e in the same State in t w o cities with the same

p opulation�size and they are b oth observ ed either b efore 1997 or after

that date, dh
n is equal to a matc hing similarit y measure constructed as

follo ws:

� A set of 0/1 dumm y v ariables is created starting from the fol-

lo wing v ariables: F amily comp osition, 5 y ears�wide age class of

household head, race, marital status, origin (ancestry) of house-

hold head, highest educational attainmen t, presence of c hildren

y ounger than 18 in the family , gender.

� the index is equal to

dh
n =

P
1�1 matc hes

# of 0/1 dummies

Finally this similarit y measure has no direction b y construction therefore

dh
n � dn

h and as previously explained it is re�parametrized in order to ha v e

dn
n = 0 (zeros on the diagonal).

This pro cedure pro vide an estimate of similarities that is b y construc-

tion imprecise: the ph ysical distance information are quite p o or if compared

with other datasets used in so cial�in teractions empirical literature (eg T opa

[17]). The matc hing similarit y iden ti�es individuals living in t w o equally big

cities (p ossibly the same cit y) in the same State. Note also that matc hing

similarities are considered as exogenous and giv en in the successiv e steps of

the pro cedure.

In order to c hec k that these similarities didn't simply capture State, p op-

ulation size and y ear e�ects, an OLS regression of � h
n on the full set of y ear,

state and p opulation dummies, plus their in teractions is run. Results

6

sho ws

6

whic h are not rep orted but are a v ailable up on request
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that in teractions' parameters are signi�can tly di�eren t from zero, suggesting

that similarities are more informativ e than a simple set of dummies.

4.2 Equation�b y�Equation estimation

The demand system is non�linear, but eac h equation in (15) is linear condi-

tional on a(p; z ) and b(p; z ) . The second step uses this conditional linearit y

to estimate the mo del without imp osing the cross�equation restrictions (4)

but allo wing for within�equation ones (13) and (3). a(p; z ) is appro ximated

with an household�lev el Stone price Index. b(p; z ) is set equal to 1. As

already explained this c hoice reduces the rank of the demand system to 2

according to Lewb ell's de�nition.

T w o endogeneit y issues ha v e to b e addressed: �rst, total exp enditure

ln mh
and (ln mh)2

are endogenous along the i dimension, i.e. they are

endogenous due to the con temp oraneous allo cation of total exp enditure to

di�eren t go o ds b y eac h household. Second, in eac h equation describing the

budget share of go o d i , mean budget share �wh
i is endogenous along the h di-

mension, meaning it's endogenous due to the con temp oraneous c hoice of the

H households of eac h go o d. These issues can b e solv ed using a prop er Instru-

men tal V ariables' pro cedure: endogeneit y of total exp enditure can b e treated

with standard 2SLS, the Generalized Spatial 2SLS (GS2SLS) prop osed b y

Kelejian and Pruc ha [14 ] is needed to accoun t for endogeneit y of mean bud-

get shares. The resulting pro cedure requires that ln mh
and (ln mh)2

are

regressed on the exogenous v ariables and their predicted v alues are used as

instrumen ts. Then GS2SLS is applied instead of the standard second step to

accoun t for endogeneit y of �wh
i . GS2SLS is itself an iterativ e pro cedure. T o

see the basic steps and to underline the fact that endogeneit y is along the h
dimension, rewrite demand for go o d i (15) in matrix notation:

w h
i = X h � + � i � w h

i + u h
i

u h
i = � � u h + � h

i
(18)

This is written as a spatial autoregressiv e mo del, where w h
is the H � 1

v ector of observ ation on exp enditure share on go o d i ; X h
is the H � K �

matrix that con tains observ ations on the exogenous v ariables in Z h
, the

predicted v alues of total exp enditure and squared total exp enditure, prices,

�wh
j , 8j 6= i 7

and iterations among Z h
and predicted v alues for ln mh

and

(ln mh)2
. � is treated as a H � H matrix of kno wn constan ts, � and � i are

scalar spatial autoregressiv e parameters.

No w rewriting mo del (18) as

8

7

All the mean budget shares �wh
j 8j 6= i are considered as exogenous in i th budget

share equation. Therefore the set of v ariables in X h
c hanges for eac h equation. The

o v erall set of regressors do esn't c hange preserving adding up, since in the i th equation �wh
i

is instrumen ted.

8

indexes h are omitted
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w i = D � + u i

u i = � � u i + � i
(19)

where D = ( X; � w i ) , � = ( � 0; � i )0
, � � IID (0; � 2) . The mo del can

furthermore b e transformed in to

w �
i (� ) = D � (� )� + � i (20)

where w �
i (� ) = w i � � i � w i , D � (� ) = D � � � D . The estimation pro cedure

is based on three steps:

� compute a 2SLS estimator for � in (19), �̂ , using as instrumen ts for

� w i the matrix � X ;

� use �̂ to estimate �̂ and �̂ 2
with GMM

9

� use �̂ and �̂ 2
to compute � KP , a feasible 2SLS of � in (20) and its

v ariance�co v ariance matrix V̂ (� KP )

As already noted Conley [9 ] pro v es that if � is an imprecise but non

mis�measured matrix of similarities GS2SLS lead to consisten t estimates.

Therefore, using it as a second step in the o v erall pro cedure b oth endo-

geneities are tak en in to accoun t and � KP is consisten t.

The system is estimated for 8 consumption categories: Alcohol at home

(ALH), Alcohol out (ALO), F o o d at Home (FDH), F o o d out (FDO), Clothing

excluding underw ear (CLO), Underw ear (UND), Motor F uel (GAS), other

non durables (OTH). Some of those consumption categories ha v e a relev an t

presence of zero exp enditures among the 14,242 observ ations:

zero o ccurrences

freq. p erc.

ALH 6,497 45.52

ALO 6,505 45.58

FDH 6 0.04

FDO 740 5.18

CLO 1,097 7.69

UND 2,798 19.60

GAS 964 6.75

OTH 2 0.01

Giv en the t yp e of aggregates c hosen, these zero o ccurrences are lik ely

to corresp ond to purc hase infrequency

10

. As p oin ted out b y Blundell et al.

9

details on momen t conditions are in Kelejian and Pruc ha [14 ]

10

There ma y b e undetected data qualit y problems: the under garmen ts �gure seems

unreasonable giv en that data are y ear�lev el aggregates.

14



[4] it means that there is a conceptual di�erence b et w een consumption and

exp enditure: the latter is not simply the empirically measured coun terpart

of the former. This di�erence a�ects b oth the dep enden t v ariables in the

demand system and total consumption, arising a p oten tial measuremen t er-

ror problem due to omitted v ariables. Nev ertheless the estimation pro cedure

remo v es the issue: budget shares are all treated as endogenous and therefore

total exp enditure is instrumen ted.

But for gasoline and other go o ds, the other consumption aggregates are

c hosen to c hec k whether so cial in teractions ha v e di�eren t marginal e�ects on

go o ds with a di�eren t visibilit y . Alcohol demand is main tained despite the

particularly high zero o ccurrences b ecause of its relev ance from a tax p olicy

p oin t of view. OTH is omitted from the estimation to satisfy adding�up.

Prices are mon thly US�wide price indexes series for eac h category (OTH

price is the o v erall price index) referring to the last mon th of eac h y early ob-

serv ation. Base y ear is 2000. All indexes are then divided b y OTH price to

imp ose homogeneit y . Because of t w o�stage budgeting h yp othesis o ccupation

is not instrumen ted: job�mark et participation is considered non�separable

from o v erall consumption in the �rst stage, but when households ha v e to de-

cide ab out consumption allo cation the job�mark et decision is already tak en,

and therefore it's predetermined with resp ect to budget shares' allo cation.

The same reasoning go es through for durables. The next table rep orts esti-

mates for o wn mean budget shares parameters for the �rst six consumption

categories:

Visible go o ds Non visible go o ds

FDO � F DO 0.1657 FDH � F DH 0.0819

FDO std.err 0.019 FDH std.err 0.060

FDO t�stat 8.71 FDH t�stat 1.37

ALO � ALO -0.0244 ALH � ALH -0.0050

ALO std.err 0.008 ALH std.err 0.008

ALO t�stat -2.90 ALH t�stat -0.61

CLO � CLO -0.1068 UND � UND -0.4177

CLO std.err 0.027 UND std.err 0.032

CLO t�stat -3.98 UND t�stat -13.13

Estimated parameters are generally signi�can tly di�eren t from 0, and

they v aries signi�can tly across di�eren t t yp es of go o ds and b et w een visible

and non�visible go o ds of the same t yp e. P arameters are not marginal e�ects,

since also the price aggregator a(p) dep end on � . Nev ertheless, the correction

in marginal e�ects is small:

Marginal e�ects

FDO 0.16714 FDH 0.08800

ALO -0.02668 ALH -0.00570

CLO -0.10743 UND -0.42329
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The main result of this pap er is the signi�cance of 4 out of 6 parameters

rep orted in the previous tables

11

: so cial in teraction and visibilit y together

do matter in consumption c hoices. Visibilit y itself seems to b e relev an t:

estimates are di�eren t within pairs ALH/ALO, FDH/FDO, CLO/UND

12

.

F o o d Out has a parameter t wice the F o o d at Home one, in tuitiv ely a less

visible category . In this case common�sense is supp orted b y previous results

b y He�etz [13], who rank ed the same aggregates in terms of visibilit y . Alcohol

at home is not signi�can t, while alcohol out b ecomes signi�can t and negativ e.

The sign could dep end on visibilit y: drinking in public could couse a negativ e

indirect e�ect on individual utilit y due to stigma attac hed to it. A t the same

time, going out and drink is a so cial activit y , while drinking at home is not

13

.

By visibilit y considerations common sense suggest a lo w er so cial in ter-

actions' parameter for underw ear than for clothing. An yw a y in this case

in terpretation of the sign is not straigh tforw ard: a reasonable prior seems to

b e that so cial in teractions ha v e p ositiv e e�ects on apparel exp enditure.

The magnitude of � 's estimates, the spatial autoregressiv e parameters

on unobserv ables, suggests that the spatial correction on u is meaningful as

w ell:

�̂ , spatial autoregressiv e parameter

CLO 0.01706 UND 0.02954

FDO 0.02373 FDH 0.02617

ALO 0.01800 ALH 0.01848

It's in teresting to see that but for the apparel ones there isn't m uc h

di�erence across go o ds of the same t yp e in � 's estimates: this result together

with the sign on � parameters on apparel suggest that on those consumption

categories there ma y b e some unmo deled e�ect. Complete estimation results

can b e found in the app endix.

4.3 Minim um Distance estimation

The �nal step consists in applying a minim um distance estimator to the

previously obtained � KP . The cross�equation restrictions (Slutsky matrix

symmetry) can b e expressed as

� � S� = 0 (21)

11

5 out of 7 considering the gasoline equation

12

P airs of consumption categories are similar but for visibilit y , but it cannot b e tested

whether di�erences in � are due only to visibilit y .

13

Note that He�etz [13 ] ranks ALH as more visible than ALO. Lac k of a full preferences'

c haracterization lea v e space to alternativ e in terpretations of the results.
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Where � is an r � 1 dimensional v ector while � is q � 1, with r > q .

Symmetry restrictions are all linear. As in GMM estimation, to imp ose

those restrictions OMD c ho oses � OMD as to minimize

Q(� ) = [ � KP � S� ]0V̂ (� KP )� 1[� KP � S� ] (22)

The three steps pro cedure has an implicit assumption on the param-

eters' space at the equation�b y�equation estimation step: parameters on

di�eren t equations are assumed to b e uncorrelated, therefore V(� KP ) is

blo c k�diagonal. Cross�equation restrictions refer only to prices' parameters


 ij , this implies that but for 
̂ ij equation�b y�equation estimates and their

standard errors are the �nal estimates. Therefore, considering only the sev en

consumption categories (remem b er OTH is omitted for adding�up), r = 49
while q = 28 , the n um b er of unique elemen ts of a 7 � 7 symmetric matrix.

F urther on, 
 ij do not dep end on ~wh
i , therefore also the marginal e�ects on

mean budget shares are unc hanged after OMD estimation.

The minimized v alue of the ob jectiv e function, Q(� OMD ) is asymptoti-

cally distributed as a cen tral � 2
with r � q degrees of freedom. This pro-

vides a test for Slutsky symmetry

14

. The test rejects Slutsky symmetry

( Q(� OMD ) = 40143:76). Giv en the linearit y of (21) the estimate of Co v ari-

ance matrix of OMD is:

V̂ (� OMD ) = H
�

S0V̂ (� KP )� 1S
� � 1

(23)

Where H = 14272 is the sample size. As for the unrestricted estimates,

most of �̂ ij are non�signi�can t. Complete restricted estimates of prices'

parameters matrix � = [ 
 ij ] are rep orted in the app endix.

5 Conclusions

The aim of this pap er w as to assess whether consumption c hoices dep end

on so cial in teractions. T o do so So cial In teractions w ere in tro duced in a

Quadratic Almost Ideal Demand System as a conditioning factor. The no v-

elt y of the pap er is in the estimation pro cedure: so cial in teractions are cap-

tured with mean budget shares, that dep end on probabilit y of p eer mem b er-

ship and visibilit y of eac h go o d. P eer mem b ership iden ti�cation is a ma jor

econometric issue once estimation is not p erformed with natural exp erimen t

or ad�ho c data sets. In this pap er it is ac hiev ed constructing a similarit y

index, whic h measures the probabilit y of b elonging to the same p eer for eac h

couple of observ ations. This form ulation allo ws to re�write eac h budget share

equation as a Spatial Autoregressiv e mo del in order to adapt to ols tak en from

the Spatial Econometrics literature: the endogeneit y of mean budget shares

14

Pro of of asymptotic prop erties of OMD estimators can b e found in Cameron, T riv edi

[7 ] and in F erguson [12 ]
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that arises from the re�ection problem is tac kled using a Generalized Spatial

2SLS pro cedure.

Results supp ort the initial h yp othesis that so cial in teractions are relev an t

in consumption allo cation. F urther on, they suggest a non�trivial role for

visibilit y of di�eren t go o ds.

F uture researc h should address t w o op en issues whic h limit in terpretation

of estimation results: �rst, in this linear�in�means mo del pure so cial in ter-

action and visibilit y are not separately iden ti�able. Second, in the literature

there isn't a mo del that pro vides a structural c haracterization of preference

dep endence on so cial in teractions and visibilit y . Another related �eld is the

empirical in v estigation of an in tertemp oral consumption mo del with so cial

in teractions.
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A Co deb o ok and Descriptiv e Statistics

V ar name V ariables description

ALH alcoholic b ev erages for home use

ALO alcoholic b ev erages at restauran ts, bars, cafeterias, cafes, etc

FDO dining out at restauran ts, driv e-thrus, etc, excl. alcohol; incl. fo o d at sc ho ol

FDH fo o d and nonalcoholic b ev erages at gro cery , sp ecialt y and con v enience stores

CLO clothing and sho es, not including underw ear, undergarmen ts, and nigh t w ear

UND underw ear, undergarmen ts, nigh t w ear and sleeping garmen ts

GAS gasoline and diesel fuel for motor v ehicles

OTH Other non durables exp enses

CAR the purc hase of new and used motor v ehicles suc h as cars, truc ks, and v ans

JWL jew elry and w atc hes

HSE ren t, or mortgage, or purc hase, of their housing;

home furnishings and household items;

homeo wners insurance, �re insurance, and prop ert y insurance

TOTEXP total exp enditure

p ALH Alcoholic b ev erages at home price index

p ALO Alcoholic b ev erages a w a y from home price index

p FDO F o o d a w a y from home price index

p FDH F o o d at home price index

p CLO Apparel price index

p UND W omen's apparel (underw ear prices are not a v ailable 1993-1996) price index

p GAS Motor fuel price index

p OTH All items price index

h ALH log price ALH-log price OTH

h ALO log price ALO-log price OTH
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V ar name V ariables description

h FDO log price FDO-log price OTH

h FDH log price FDH-log price OTH

h CLO log price CLO-log price OTH

h UND log price UND-log price OTH

h GAS log price GAS-log price OTH

stone

P

f X = ALH;ALO;F DO;F DH;CLO;UND;GAS g X ln( X )
IYEAR 1994 y ear dumm y

IYEAR 1995 y ear dumm y

IYEAR 1996 y ear dumm y

IYEAR 1997 y ear dumm y

IYEAR 1998 y ear dumm y

IYEAR 1999 y ear dumm y

IYEAR 2000 y ear dumm y

IYEAR 2001 y ear dumm y

IYEAR 2002 y ear dumm y

IQTR 2 quarter 2 dumm y

IQTR 3 quarter 3 dumm y

IQTR 4 quarter 4 dumm y

IREGION 2 North Cen tral dumm y

IREGION 3 South dumm y

IREGION 4 W est dumm y

IOCCUP1 2 T ec hnical, sales, and administrativ e supp ort o ccupations dumm y

IOCCUP1 3 Service o ccupations dumm y

IOCCUP1 4 F arming, forestry , and �shing o ccupations dumm y

IOCCUP1 5 Precision pro duction, craft, and repair o ccupations dumm y

IOCCUP1 6 Op erators, fabricators, and lab orers dumm y

IOCCUP1 7 Armed forces dumm y

IOCCUP1 8 Self-emplo y ed dumm y

IOCCUP1 9 Not w orking dumm y

IOCCUP1 10 Retired dumm y

SEX REF Sex of reference p erson

A GE REF age of reference p erson

YR EDREF y ear of education reference p erson

IMARIT AL1 2 Wido w ed dumm y

IMARIT AL1 3 Div orced dumm y

IMARIT AL1 4 Separated dumm y

IMARIT AL1 5 Nev er married dumm y

PERSL T18 "Num b er of c hildren less than 18 "

PERSOT64 Num b er of p ersons o v er 64 in CU

IREF RA CE 2 Blac k

IREF RA CE 3 American Indian, Aleut, Eskimo

IREF RA CE 4 Asian or P aci�c Islander

m ALH mean budget share of ALH

m ALO mean budget share of ALO

m FDO mean budget share of FDO

m FDH mean budget share of FDH

m CLO mean budget share of CLO

m UND mean budget share of UND

m GAS mean budget share of GAS

m OTH mean budget share of OTH

lnx log T OT EXP � stone
lnx2 (log T OT EXP � stone)2

Estimation Subsample US�wide sample

mean sd min max mean sd

ALH 169.4168 323.9644 0 9689 156.0034 305.6665

ALO 148.1916 349.6133 0 8596 137.3304 328.3154

FDO 1496.894 1924.96 0 54991 1410.301 1766.066

FDH 3946.552 2184.401 0 22452 3787.429 2100.249
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Estimation Subsample US�wide sample

mean sd min max mean sd

CLO 810.556 1061.452 0 33948 801.5828 1021.236

UND 138.5562 199.0201 0 2964 137.63 196.3205

GAS 1176.581 933.4128 0 9270 1172.394 925.0178

OTH 2.57E+07 3.96E+07 0 1.06E+09 11044.81 8904.229

CAR 3223.62 7905.023 0 95580 3278.012 8008.563

JWL 168.4439 1900.58 0 210000 148.0257 1271.566

HSE 5398478 1.31E+07 0 5.07E+08 3728.37 4086.647

TOTEXP 28370.56 20634.27 707.9996 743532.3 27190.09 19419.9

p ALH 99.06309 4.604702 90.89744 105.641

p ALO 98.36219 7.944797 82.3299 110.7195

p FDO 98.52624 6.234391 86.00479 107.7153

p FDH 98.59102 5.979608 84.1852 106.0734

p CLO 102.4084 3.366371 93.61198 107.571

p UND 105.9989 5.466155 92.67873 118.8631

p GAS 98.71063 13.41501 74.24512 130.373

p OTH 99.134 6.049358 85.95972 107.4052

h ALH 0.0000973 0.0168857 -0.0223212 0.0579662

h ALO -0.0092608 0.0216242 -0.0502381 0.0312734

h FDO -0.0062909 0.0066385 -0.021008 0.0055633

h FDH -0.0054863 0.008038 -0.0208597 0.0149212

h CLO 0.0338519 0.0876056 -0.1308093 0.2179918

h UND 0.0675184 0.10364 -0.1408286 0.3083668

h GAS -0.0115424 0.1079955 -0.2719941 0.2138472

stone 2.497275 0.7220481 0.0668289 4.423194

IYEAR 1994 0.0697169 0.2546783 0 1 0.0757231 0.2645582

IYEAR 1995 0.0647422 0.2460789 0 1 0.0719397 0.2583916

IYEAR 1996 0.032301 0.1768045 0 1 0.033804 0.1807268

IYEAR 1997 0.1103559 0.3133439 0 1 0.1111995 0.3143833

IYEAR 1998 0.109375 0.3121201 0 1 0.1131186 0.316742

IYEAR 1999 0.1144899 0.3184165 0 1 0.117231 0.3216997

IYEAR 2000 0.1625561 0.3689731 0 1 0.1545716 0.3615008

IYEAR 2001 0.1566704 0.3635025 0 1 0.1515284 0.3585681

IYEAR 2002 0.1619254 0.3683953 0 1 0.1525977 0.3596042

IQTR 2 0.2383688 0.4261008 0 1 0.2442221 0.4296309

IQTR 3 0.2378083 0.425756 0 1 0.2391501 0.4265704

IQTR 4 0.2698991 0.4439227 0 1 0.2744071 0.4462212

IREGION 2 0.1617152 0.3682023 0 1 0.2673338 0.4425741

IREGION 3 0.2397001 0.4269154 0 1 0.33878 0.4733014

IREGION 4 0.3462024 0.4757753 0 1 0.1927622 0.3944733

IOCCUP1 2 0.1403447 0.3473565 0 1 0.1390267 0.3459792

IOCCUP1 3 0.1122478 0.3156821 0 1 0.1133105 0.3169763

IOCCUP1 4 0.0073571 0.0854602 0 1 0.00817 0.0900192

IOCCUP1 5 0.0519198 0.221873 0 1 0.0533242 0.2246822

IOCCUP1 6 0.0818386 0.2741282 0 1 0.0947498 0.2928731

IOCCUP1 7 0.0044142 0.0662952 0 1 0.0032625 0.0570259

IOCCUP1 8 0.0349636 0.183694 0 1 0.0395065 0.1947994

IOCCUP1 9 0.0985846 0.298114 0 1 0.1012474 0.3016602

IOCCUP1 10 0.2282791 0.4197382 0 1 0.2136258 0.4098712

SEX REF 1.430143 0.4951133 1 2 1.432433 0.4954205

A GE REF 51.36848 17.06942 17 94 50.8984 16.92091

YR EDREF 13.82112 2.813901 0 18 13.70314 2.809938

IMARIT AL1 2 0.1219871 0.3272824 0 1 0.1206032 0.32567

IMARIT AL1 3 0.1340387 0.3407058 0 1 0.1321727 0.3386831

IMARIT AL1 4 0.0298487 0.1701756 0 1 0.0279644 0.164873

IMARIT AL1 5 0.1387332 0.34568 0 1 0.1363674 0.343183
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Estimation Subsample US�wide sample

mean sd min max mean sd

PERSL T18 0.7101317 1.131586 0 10 0.7067032 1.108377

PERSOT64 0.3805353 0.6572266 0 4 0.3587389 0.6448471

IREF RA CE 2 0.1053111 0.3069646 0 1 0.115257 0.3193362

IREF RA CE 3 0.0058156 0.0760406 0 1 0.007512 0.0863468

IREF RA CE 4 0.0557035 0.2293562 0 1 0.0325977 0.1775836

m ALH 0.1526445 0.1480501 0.0002917 0.6559903

m ALO 0.118248 0.1004168 0.000288 0.4505704

m FDO 1.222685 1.146591 0.0045779 5.28772

m FDH 3.911378 3.657658 0.0235374 16.5382

m CLO 0.6206222 0.5814182 0.0016867 2.735063

m UND 0.1158841 0.1091201 0.0003363 0.5074397

m GAS 1.085815 1.054143 0.0055939 4.869476

m OTH 9.659403 8.539694 0.0612457 39.68477

lnx 7.558408 0.9215498 3.685857 11.09327

lnx2 57.97873 14.35368 13.58554 123.0606

B Equation�b y�equation estimation results

GAS GAS GAS UND UND UND CLO CLO CLO

b eta std.err t-stat b eta std.err t-stat b eta std.err t-stat

m ALH -0.5394 0.0134 -40.14 0.5218 0.0299 17.47 0.2704 0.0265 10.20

m ALO 0.0778 0.0029 26.77 -0.1202 0.0063 -19.04 0.0185 0.0058 3.17

m FDO 0.0070 0.0009 7.44 -0.0073 0.0021 -3.42 -0.0050 0.0018 -2.77

m FDH 0.0994 0.0056 17.77 0.0989 0.0132 7.48 0.3516 0.0452 7.77

m CLO -0.1220 0.0234 -5.22 0.0424 0.0075 5.64 -0.1068 0.0268 -3.98

m UND 0.0196 0.0033 5.88 -0.4177 0.0318 -13.13 -0.0434 0.0057 -7.61

m GAS 0.2967 0.0138 21.45 -0.6437 0.0647 -9.94 -0.1519 0.0105 -14.43

m OTH -0.0167 0.0005 -34.55 0.0133 0.0011 12.46 0.0074 0.0010 7.80

CONST ANT 0.3340 0.1766 1.89 -2.8171 0.3459 -8.14 -1.6873 0.4084 -4.13

h ALH -0.0097 0.0453 -0.21 0.0489 0.0885 0.55 -0.0288 0.1050 -0.27

h ALO 0.0692 0.0561 1.23 -0.0696 0.1097 -0.63 -0.2550 0.1300 -1.96

h FDO 0.0502 0.1046 0.48 -0.2224 0.2045 -1.09 0.3154 0.2425 1.30

h FDH -0.0261 0.0449 -0.58 0.1444 0.0879 1.64 0.0119 0.1041 0.11

h CLO 0.0351 0.0310 1.13 -0.0196 0.0607 -0.32 -0.0495 0.0719 -0.69

h UND -0.0075 0.0184 -0.41 -0.0236 0.0359 -0.66 -0.0104 0.0425 -0.25

h GAS 0.0067 0.0050 1.34 0.0011 0.0098 0.11 0.0003 0.0116 0.03

IYEAR 1994 0.0007 0.0016 0.42 -0.0007 0.0032 -0.22 0.0067 0.0038 1.77

IYEAR 1995 0.0017 0.0025 0.68 -0.0028 0.0049 -0.57 0.0030 0.0058 0.52

IYEAR 1996 0.0001 0.0030 0.05 -0.0021 0.0059 -0.35 0.0080 0.0070 1.15

IYEAR 1997 0.0012 0.0031 0.40 -0.0068 0.0061 -1.11 0.0071 0.0072 0.98

IYEAR 1998 -0.0100 0.0034 -2.92 0.0072 0.0067 1.07 0.0143 0.0080 1.80

IYEAR 1999 -0.0110 0.0035 -3.11 0.0074 0.0069 1.08 0.0159 0.0081 1.95

IYEAR 2000 -0.0108 0.0039 -2.79 0.0106 0.0076 1.40 0.0157 0.0090 1.75

IYEAR 2001 -0.0104 0.0046 -2.25 0.0127 0.0090 1.40 0.0148 0.0107 1.39

IYEAR 2002 -0.0104 0.0049 -2.11 0.0111 0.0097 1.15 0.0129 0.0114 1.13

IQTR 2 -0.0008 0.0007 -1.18 0.0008 0.0013 0.59 0.0019 0.0016 1.19

IQTR 3 -0.0005 0.0006 -0.86 0.0018 0.0011 1.62 0.0011 0.0013 0.80

IQTR 4 -0.0010 0.0006 -1.57 0.0036 0.0013 2.85 0.0013 0.0015 0.88

SEX REF 0.0008 0.0003 2.30 -0.0014 0.0006 -2.12 -0.0082 0.0008 -10.61

IREGION 2 -0.0228 0.0008 -27.15 0.0272 0.0018 15.10 0.0203 0.0017 11.70

IREGION 3 -0.0047 0.0007 -6.71 0.0074 0.0015 5.03 0.0046 0.0015 3.09

IREGION 4 -0.0048 0.0007 -6.53 0.0195 0.0015 12.60 0.0009 0.0015 0.58

IOCCUP1 2 0.0000 0.0005 0.08 0.0011 0.0010 1.12 -0.0048 0.0012 -3.92

IOCCUP1 3 -0.0007 0.0006 -1.19 0.0053 0.0011 4.93 -0.0096 0.0013 -7.48

IOCCUP1 4 0.0008 0.0017 0.47 0.0126 0.0034 3.71 -0.0026 0.0040 -0.65

IOCCUP1 5 -0.0003 0.0007 -0.36 0.0111 0.0014 7.87 -0.0061 0.0017 -3.65
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GAS GAS GAS UND UND UND CLO CLO CLO

b eta std.err t-stat b eta std.err t-stat b eta std.err t-stat

IOCCUP1 6 0.0001 0.0006 0.08 0.0106 0.0012 8.47 -0.0079 0.0015 -5.37

IOCCUP1 7 0.0005 0.0022 0.23 0.0086 0.0043 2.00 0.0026 0.0051 0.52

IOCCUP1 8 -0.0004 0.0008 -0.47 0.0034 0.0016 2.10 -0.0077 0.0019 -4.01

IOCCUP1 9 -0.0001 0.0006 -0.20 -0.0020 0.0011 -1.74 -0.0120 0.0013 -8.86

IOCCUP1 10 -0.0003 0.0007 -0.49 0.0078 0.0013 5.89 -0.0024 0.0016 -1.53

A GE REF 0.0038 0.0016 2.45 -0.0051 0.0031 -1.66 -0.0088 0.0036 -2.42

YR EDREF -0.0096 0.0062 -1.55 0.0062 0.0121 0.52 0.0168 0.0143 1.17

IMARIT AL1 2 0.0107 0.0009 11.85 -0.0013 0.0018 -0.73 -0.0020 0.0021 -0.99

IMARIT AL1 3 0.0080 0.0007 11.78 -0.0004 0.0013 -0.26 -0.0013 0.0015 -0.84

IMARIT AL1 4 0.0078 0.0010 7.74 -0.0012 0.0020 -0.63 -0.0007 0.0023 -0.29

IMARIT AL1 5 0.0092 0.0008 11.13 -0.0020 0.0016 -1.24 0.0037 0.0019 1.98

PERSL T18 0.0199 0.0181 1.10 -0.0826 0.0354 -2.33 -0.0655 0.0419 -1.56

PERSOT64 -0.0840 0.0424 -1.98 0.0007 0.0830 0.01 0.0671 0.0982 0.68

IREF RA CE 2 0.0079 0.0006 13.19 -0.0179 0.0012 -14.84 -0.0162 0.0013 -12.15

IREF RA CE 3 0.0099 0.0020 5.01 -0.0180 0.0039 -4.65 -0.0256 0.0046 -5.62

IREF RA CE 4 -0.0013 0.0008 -1.53 0.0003 0.0017 0.19 0.0043 0.0018 2.33

lnx -0.0894 0.0464 -1.92 0.7848 0.0909 8.63 0.4747 0.1074 4.42

it lnx A GE -0.0010 0.0004 -2.45 0.0012 0.0008 1.53 0.0021 0.0009 2.25

it lnx L T18 -0.0043 0.0046 -0.93 0.0200 0.0091 2.20 0.0134 0.0107 1.25

it lnx OT64 0.0214 0.0109 1.96 -0.0031 0.0213 -0.14 -0.0195 0.0253 -0.77

it lnx EDU 0.0025 0.0016 1.53 -0.0020 0.0031 -0.65 -0.0032 0.0037 -0.85

lnx2 0.0057 0.0030 1.89 -0.0524 0.0059 -8.83 -0.0319 0.0070 -4.56

it lnx2 A GE 0.0001 0.0000 2.40 -0.0001 0.0001 -1.40 -0.0001 0.0001 -2.05

it lnx2 L T18 0.0002 0.0003 0.82 -0.0012 0.0006 -2.13 -0.0007 0.0007 -1.01

it lnx2 OT64 -0.0013 0.0007 -1.90 0.0003 0.0014 0.20 0.0013 0.0016 0.80

it lnx2 EDU -0.0001 0.0001 -1.45 0.0001 0.0002 0.67 0.0001 0.0002 0.60

CAR -0.0213 0.0124 -1.72 0.1940 0.0243 7.99 0.1371 0.0287 4.78

JWL 0.0196 0.0127 1.55 -0.0349 0.0247 -1.41 0.2166 0.0293 7.38

HSE 0.0095 0.0034 2.79 -0.0752 0.0067 -11.29 -0.0508 0.0079 -6.46

� 0.0244 0.02954 0.01706

� 2
� 0.0007 0.00004 0.00046

FDH FDH FDH FDO FDO FDO

b eta std.err t-stat b eta std.err t-stat

m ALH -0.0420 0.0577 -0.73 -0.3301 0.0184 -17.91

m ALO -0.0295 0.0124 -2.38 0.0056 0.0013 4.34

m FDO 0.0362 0.0244 1.48 0.1657 0.0190 8.71

m FDH 0.0819 0.0599 1.37 0.1247 0.0076 16.34

m CLO -0.3162 0.1007 -3.14 -0.0990 0.0320 -3.09

m UND -0.0073 0.0139 -0.53 0.0253 0.0043 5.83

m GAS 0.0325 0.0041 7.87 0.0152 0.0042 3.60

m OTH -0.0086 0.0021 -4.14 -0.0120 0.0007 -17.82

CONST ANT -4.4741 0.7302 -6.13 -0.8036 0.2471 -3.25

h ALH -0.1158 0.1872 -0.62 -0.0740 0.0634 -1.17

h ALO 0.2204 0.2318 0.95 -0.0354 0.0785 -0.45

h FDO -0.8672 0.4324 -2.01 0.3020 0.1464 2.06

h FDH 0.1574 0.1857 0.85 -0.0054 0.0629 -0.09

h CLO -0.0293 0.1282 -0.23 -0.0246 0.0434 -0.57

h UND -0.0671 0.0758 -0.89 0.0205 0.0257 0.80

h GAS -0.0331 0.0206 -1.60 0.0103 0.0070 1.47

IYEAR 1994 -0.0047 0.0067 -0.70 0.0016 0.0023 0.70

IYEAR 1995 -0.0149 0.0104 -1.43 0.0018 0.0035 0.51

IYEAR 1996 -0.0235 0.0124 -1.89 0.0012 0.0042 0.29

IYEAR 1997 -0.0344 0.0128 -2.68 0.0004 0.0044 0.10

IYEAR 1998 -0.0280 0.0142 -1.97 -0.0061 0.0048 -1.27
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FDH FDH FDH FDO FDO FDO

b eta std.err t-stat b eta std.err t-stat

IYEAR 1999 -0.0220 0.0146 -1.51 -0.0070 0.0049 -1.42

IYEAR 2000 -0.0291 0.0160 -1.82 -0.0078 0.0054 -1.44

IYEAR 2001 -0.0392 0.0191 -2.05 -0.0102 0.0065 -1.58

IYEAR 2002 -0.0409 0.0204 -2.00 -0.0120 0.0069 -1.75

IQTR 2 0.0050 0.0028 1.78 -0.0006 0.0009 -0.69

IQTR 3 0.0026 0.0024 1.10 0.0002 0.0008 0.28

IQTR 4 0.0036 0.0027 1.36 -0.0015 0.0009 -1.68

SEX REF 0.0037 0.0014 2.67 -0.0002 0.0005 -0.44

IREGION 2 0.0044 0.0036 1.24 -0.0130 0.0012 -11.17

IREGION 3 -0.0064 0.0030 -2.17 -0.0038 0.0010 -3.86

IREGION 4 0.0072 0.0031 2.32 -0.0027 0.0010 -2.67

IOCCUP1 2 -0.0035 0.0022 -1.62 -0.0025 0.0007 -3.44

IOCCUP1 3 0.0124 0.0023 5.45 -0.0054 0.0008 -6.93

IOCCUP1 4 0.0348 0.0072 4.86 -0.0024 0.0024 -0.97

IOCCUP1 5 0.0121 0.0030 4.07 -0.0035 0.0010 -3.50

IOCCUP1 6 0.0097 0.0026 3.66 -0.0035 0.0009 -3.91

IOCCUP1 7 0.0053 0.0090 0.59 -0.0006 0.0031 -0.18

IOCCUP1 8 0.0003 0.0034 0.09 -0.0021 0.0012 -1.77

IOCCUP1 9 0.0360 0.0024 14.96 -0.0053 0.0008 -6.54

IOCCUP1 10 0.0146 0.0028 5.22 -0.0028 0.0009 -3.00

A GE REF -0.0007 0.0065 -0.11 -0.0011 0.0022 -0.48

YR EDREF 0.0495 0.0256 1.94 0.0025 0.0086 0.28

IMARIT AL1 2 -0.0055 0.0037 -1.49 0.0097 0.0013 7.75

IMARIT AL1 3 -0.0021 0.0028 -0.76 0.0071 0.0009 7.52

IMARIT AL1 4 0.0107 0.0042 2.55 0.0089 0.0014 6.30

IMARIT AL1 5 0.0090 0.0034 2.62 0.0100 0.0012 8.64

PERSL T18 0.3011 0.0748 4.02 0.0928 0.0253 3.66

PERSOT64 -0.0712 0.1753 -0.41 -0.0321 0.0594 -0.54

IREF RA CE 2 0.0083 0.0025 3.33 0.0075 0.0008 9.04

IREF RA CE 3 -0.0079 0.0082 -0.97 -0.0013 0.0028 -0.48

IREF RA CE 4 0.0140 0.0035 4.05 -0.0003 0.0012 -0.22

lnx 1.3148 0.1920 6.85 0.2245 0.0650 3.45

it lnx A GE 0.0004 0.0017 0.26 0.0002 0.0006 0.37

it lnx L T18 -0.0658 0.0192 -3.43 -0.0210 0.0065 -3.24

it lnx OT64 0.0166 0.0451 0.37 0.0080 0.0153 0.52

it lnx EDU -0.0165 0.0066 -2.50 -0.0005 0.0022 -0.22

lnx2 -0.0913 0.0125 -7.28 -0.0152 0.0042 -3.57

it lnx2 A GE 0.0000 0.0001 -0.30 0.0000 0.0000 -0.26

it lnx2 L T18 0.0038 0.0012 3.11 0.0012 0.0004 2.94

it lnx2 OT64 -0.0010 0.0029 -0.34 -0.0005 0.0010 -0.52

it lnx2 EDU 0.0012 0.0004 2.87 0.0000 0.0001 0.22

CAR 0.3560 0.0513 6.94 0.0518 0.0174 2.98

JWL -0.1879 0.0523 -3.59 0.1986 0.0177 11.21

HSE 0.0581 0.0141 4.13 -0.0189 0.0048 -3.96

� 0.02617 0.02373

� 2
� 0.00491 0.00148

ALO ALO ALO ALH ALH ALH

b eta std.err t-stat b eta std.err t-stat

m ALH 0.0009 0.0017 0.51 -0.0050 0.0082 -0.61

m ALO -0.0244 0.0084 -2.90 0.0019 0.0017 1.12

m FDO 0.0011 0.0005 2.04 0.0000 0.0005 -0.09

m FDH 0.0022 0.0030 0.75 0.0025 0.0029 0.86

m CLO -0.0157 0.0131 -1.20 -0.0295 0.0130 -2.27

m UND -0.0019 0.0017 -1.09 -0.0025 0.0017 -1.51

m GAS 0.0649 0.0091 7.17 0.0409 0.0097 4.22

m OTH -0.0006 0.0003 -2.21 -0.0003 0.0003 -1.19
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ALO ALO ALO ALH ALH ALH

b eta std.err t-stat b eta std.err t-stat

CONST ANT 0.0872 0.1196 0.73 -0.2467 0.1161 -2.12

h ALH -0.0656 0.0307 -2.14 -0.0275 0.0298 -0.92

h ALO 0.0555 0.0381 1.46 -0.0471 0.0369 -1.28

h FDO 0.0048 0.0710 0.07 0.0330 0.0689 0.48

h FDH 0.0738 0.0305 2.42 0.0014 0.0296 0.05

h CLO 0.0100 0.0210 0.48 -0.0137 0.0204 -0.67

h UND 0.0129 0.0125 1.04 -0.0049 0.0121 -0.41

h GAS 0.0057 0.0034 1.69 -0.0017 0.0033 -0.51

IYEAR 1994 0.0004 0.0011 0.34 0.0004 0.0011 0.39

IYEAR 1995 -0.0008 0.0017 -0.45 -0.0007 0.0017 -0.40

IYEAR 1996 -0.0008 0.0020 -0.39 -0.0005 0.0020 -0.25

IYEAR 1997 -0.0006 0.0021 -0.28 -0.0012 0.0020 -0.57

IYEAR 1998 -0.0010 0.0023 -0.44 -0.0015 0.0023 -0.68

IYEAR 1999 -0.0011 0.0024 -0.46 -0.0018 0.0023 -0.76

IYEAR 2000 -0.0007 0.0026 -0.28 -0.0015 0.0026 -0.59

IYEAR 2001 -0.0004 0.0031 -0.14 -0.0029 0.0030 -0.96

IYEAR 2002 0.0008 0.0033 0.25 -0.0022 0.0032 -0.69

IQTR 2 -0.0010 0.0005 -2.20 0.0006 0.0004 1.38

IQTR 3 0.0003 0.0004 0.67 0.0001 0.0004 0.38

IQTR 4 -0.0015 0.0004 -3.35 0.0004 0.0004 0.96

SEX REF -0.0026 0.0002 -11.66 -0.0029 0.0002 -13.10

IREGION 2 -0.0010 0.0005 -2.02 -0.0003 0.0005 -0.52

IREGION 3 0.0005 0.0004 1.11 0.0001 0.0004 0.16

IREGION 4 0.0002 0.0005 0.47 0.0009 0.0005 1.87

IOCCUP1 2 -0.0009 0.0004 -2.55 -0.0003 0.0003 -0.76

IOCCUP1 3 -0.0008 0.0004 -2.23 0.0002 0.0004 0.57

IOCCUP1 4 -0.0022 0.0012 -1.84 0.0048 0.0011 4.19

IOCCUP1 5 -0.0007 0.0005 -1.49 0.0009 0.0005 1.90

IOCCUP1 6 -0.0013 0.0004 -3.00 -0.0002 0.0004 -0.50

IOCCUP1 7 0.0006 0.0015 0.39 -0.0004 0.0014 -0.30

IOCCUP1 8 -0.0018 0.0006 -3.11 -0.0013 0.0005 -2.30

IOCCUP1 9 -0.0018 0.0004 -4.63 0.0003 0.0004 0.73

IOCCUP1 10 -0.0004 0.0005 -0.83 0.0012 0.0004 2.77

A GE REF -0.0023 0.0011 -2.21 -0.0021 0.0010 -2.02

YR EDREF -0.0008 0.0042 -0.20 0.0067 0.0041 1.64

IMARIT AL1 2 0.0015 0.0006 2.42 0.0015 0.0006 2.61

IMARIT AL1 3 0.0018 0.0005 3.96 0.0018 0.0004 4.12

IMARIT AL1 4 0.0021 0.0007 3.10 0.0021 0.0007 3.24

IMARIT AL1 5 0.0036 0.0006 6.48 0.0022 0.0005 4.02

PERSL T18 -0.0431 0.0123 -3.51 -0.0166 0.0119 -1.40

PERSOT64 -0.0143 0.0288 -0.50 -0.0015 0.0279 -0.05

IREF RA CE 2 -0.0023 0.0004 -5.99 -0.0011 0.0004 -2.87

IREF RA CE 3 -0.0034 0.0013 -2.57 -0.0016 0.0013 -1.21

IREF RA CE 4 -0.0018 0.0005 -3.33 -0.0018 0.0005 -3.41

lnx -0.0123 0.0314 -0.39 0.0751 0.0305 2.46

it lnx A GE 0.0005 0.0003 1.85 0.0005 0.0003 1.77

it lnx L T18 0.0097 0.0031 3.07 0.0034 0.0031 1.12

it lnx OT64 0.0036 0.0074 0.49 0.0001 0.0072 0.02

it lnx EDU 0.0003 0.0011 0.29 -0.0017 0.0011 -1.62

lnx2 0.0003 0.0021 0.15 -0.0053 0.0020 -2.67

it lnx2 A GE 0.0000 0.0000 -1.59 0.0000 0.0000 -1.58

it lnx2 L T18 -0.0005 0.0002 -2.72 -0.0002 0.0002 -0.90

it lnx2 OT64 -0.0002 0.0005 -0.49 0.0000 0.0005 0.00

it lnx2 EDU 0.0000 0.0001 -0.34 0.0001 0.0001 1.59

CAR 0.0142 0.0084 1.69 0.0279 0.0082 3.42
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ALO ALO ALO ALH ALH ALH

b eta std.err t-stat b eta std.err t-stat

JWL 0.0258 0.0086 3.01 0.0255 0.0083 3.05

HSE 0.0008 0.0023 0.35 0.0016 0.0022 0.71

� 0.01800 0.01848

� 2
� 0.00013 0.00012

C OMD estimates of prices' parameters

ALH ALO FDO FDH CLO UND GAS

ALH -0.427

(0.91)

ALO 0.311** -0.021

(0.14) (0.79)

FDO 0.256** 0.022 0.113

(0.06) (0.05) (1.76)

FDH -0.019 -0.041 -0.112 0.121

(0.33) (0.25) (0.53) (5.53)

CLO -0.249 0.035 -0.018 -0.063 -0.039

(1.37) (0.62) (0.2) (3.99) (2.74)

UND 0.061 -0.132 -0.141 0.033 -0.089 0.040

(0.2) (0.18) (0.19) (0.76) (0.48) (2.86)

GAS 0.251 -0.606* 0.356** 0.023 -0.451 -0.006 0.064

(0.92) (0.32) (0.11) (0.3) (0.95) (0.36) (1.45)

std errors in paren thesis. * denotes 10% signi�cance lev el, ** 5%

� 2
sp eci�cation test: 40143.76 [d.f. = 21]
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