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1. Introduction

inﬁfqduced in the pioneering reSearch of Friedman [1957] and Modigliani
:(Andovand Modigliani [1963]), the permanént income/life-cycle.hypothesis‘of
bconsumption iSTWEil known. Today,vmost economists havé joined this
o hypothesis with that oﬁﬂraéiénal expeétations to describe,héw households
Cdﬁsidér their future incqme“proSpeéts. Despite_its 1ongstanding presence,
 hbwever,'su§port for the hypothésis isbmiXed, and,. as a consequénce, tests of
vits implications abound‘in the'li;erature.' We cén‘tr#cé this‘renewai in
| attéﬁtion'tb the issues involved in modeling consumptions"responsivenessvtq
inqoﬁéftb Héli [1978] and SérgentVS [1978] tests of the joint hypothéses (i.e.,
'1ifelcyc1e/rational exﬁectations) using aggregafé time series data. |

. For the qut part, the‘conflicting empiricél results arise in macro ‘time

series‘studies (flavin'[l98l], Mankiw [1982], Hayashi [1982], Bernanké [1985],
: Biinder énd Deaton,[1985]? Christiano, Eichenbaum.and Marshall [1987].are a few .
"ékémpléé) &here aggregétion obscures‘the predicted_y |
‘ rélétionships bétwéen §onéﬁmption‘and permanent income. This.fbllows because
the central hypotheses are based on micré models of the
intértemporal allogation»decisiOns Of-houséhqlds (Deatoﬁ [1986]).
_ anseéuentiy; some important recent studies have Sought to use data at the
houséhold 1eyel.A Unfortunately, tests of the hypﬁthesis require a tempéral
“history of hOuseholdsf cbnSumption choices and their inéomes. Complete panels
‘with‘thése‘recdrds.arg extremely limited.
ﬁ?t@;ihe'majority‘of studieé to date have not-had access to‘such‘complete
rQQOrds; Theyrhéve.reiiéd instead on a few‘availébie panels,_primafily the
Univérsity‘of Michigan’s Panél'Study of Income Dynamics (PSID). Hall and

Mishkin,[1982], Zeldes [1985],,and Altonji and his collaboratotsb(Alﬁonji



and SlOW’[1987], AltonJi Martins and Siow [1986]) have all worked with these
’ data ‘ Based onylnterview responses, the PSID panel 1noludes only food
"oonsumption, income, household characteristics,.and some factors important to
theedetermination of income.(Bernanke's [1984] study is also based on a part of
the Miohigan,survey put a different panel assooiated with expenditures on
'dfautomooiles)n

:’bfThere are twonproblems'withfthese studies: incomplete expenditure
records, so that food expenditures (or automobile expenditures in the case of
Bernanke) must serve as the indicator for total consumptlon s respon51veness to
- permanent and transitory income, -and measurement errors in the income
statiStios (Duncan and Hill [1984], Altonji, Martln and SlOW [1986])
' coufgé; if‘we are Willing to impose structure on the error process, corrections
can be’reflected in the analysis. Similarly, incomplete expenditure records
can\be'overcome.with restrictive 1mp1101t (Hall and Mlshkln) or eXpllClt
(Brownlng [1987]) maintained hypotheses But these decisions simply expand the
set of conditions maintained as part of the tests and must be recognized in
eValuatingithe conclusions derived from them.

_ The only‘exception to this pattern Was Hayashi's [1985] study of a panel-
_oflJapaneSe households, Based on complete expenditure records, this study did
‘have,datavfor 11 commodity groups, disposable income, and one-quarter forward
expeotations for thesebvariables. Unfortunately, tne length of the panel is
quite short--four quarters. While this allowed Hayashirtofuse a simple
,treatﬁent of relative price effects, it does raise the prospect of problems
indueed by households' inventory holding_decisions for some of the goods

involved.
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'1[ Tﬁus;vthere’rémaih questions even with the most detailed of thevhousehold
 _.iéyg1 stﬁdiés éonducted‘to‘déte. As a rule, thése,queétions ariée becauSeb

;‘iﬁcéﬁﬁleté data have required additional assumptions thét are then a part of

fméiﬁtéiﬁed:conditions that must.be recognized in interﬁreting thé teSté"
”ffindingé on»théyrespbnsiveness of consumption tduincome. B |
'f £ ThebﬁurposQ of thisvpaper is to explore the impliéations of.these types 6f{
asgqmétibhéiusing what We‘believe aré.the best data yet available for'testiﬁg
' the pérmaﬁent iﬁgémeﬁhypothesiSQ They come from a panel constructed by the -
Centfal.Bureauvof Statistics of Norway and combine detailed expenditure
informdpion (i;g;; expeﬁditures énd pricés for.28 cdmmpdity categqrieé)_with'
‘iﬁcﬁme and wealtﬁ data‘from the Government'’s tax files for the households.
‘iﬁvolvéd; ‘Ihe cohsumption data,were collectéd'from diaries with followup
‘-interviews.> The expenditure data form fhe basis for construction of Norway's
Consumér Price,Indicesf. A‘pfevious attempt to use this type of'datg for test;
-of ﬁhéglife-éyqle ﬁypothesis was made by Bigrn [1980]_But without use of theb'“
Stééhgsﬁic‘implicéﬁions derived by Hall. :

| logr’#nalysis:of the hyﬁothesis inéorporateé é progressive refinement in
: the.level of detail.Of:the infofmatiéﬁ used in testing the model. 'Thefe are
prr=aspects §f these‘refinements,, They‘éxémine éeveral 6f thé»key issues that '
WQﬁ1d b¢:expectéd to’influeﬁde tests of the hypothesis, iﬁcluding:, the effects
'ofléggfegétibn of all expenditures‘comprising consumpﬁion at the‘houséhold
;gygl;\déscriptioﬁ of the,teméoral character of the incéme proces#'ih relation
‘to‘the“aVailable income records; aajuétﬁent for thé infiuence of rélative:pricé_.
.éhange$3in the measurement of consumption; and,‘finally; 'fecognitionbof the
_effecté:of.commodity_durabilityvon the static demand models used to account for

" the influence of relative price changes.



Ef Our f1nd1ngs helpﬂto resolve the confllctslln the 11terature to date
iWith brogre531ve’refinement we find reductions 1n the ev1dence of violations
'to the life cycle model Indeed the results fromuthe flnal model do not
:sreJect the hypothe51s and thereby, hlghllght the 1mportance of assumptions.

igthat had to be made in earller studles to 1mp1ement tests w1th incomplete data

©" 2, The Norwegian Consumer Expenditure Survey Data
" The data used in the analysis were made available to us by the Central =
‘Bureau of Statistics:of Norway. They containvinformation.On income'

'iconsumption expenditures,.prices, and some demographic factors for a sample of

‘ i418 Norwegian households (see B1¢rn and Jansen [1980 1982] for more deta11)

”:The sample is a. combinatlon of two panels w1th an equal number of households 1nj
K:each.: The first covers 1975 and 1976 and the second 1976 and 1977 In__v“
',addition to 1nformat10n on expenditures prlces and demographlcs 1n:eachvof_j:
':twoiyears of each panel the data 1nclude 1ncome 1nformat10n for the year

'preceding the outset of each panel (i e. 1974 for the 1975-76" panel and 1975

 for the 1976- 77 group)

The 1975 77 Consumer Expenditure‘Surveys in Norway Were done w1th rotatlng
b'samples, so that some of the households observed in 1975 were re-observed in f
f1976 vand similarly for 1976 and 1977 No'household was,observed‘forball'threev {
years | | H |
. All consumption expendltures are - recordedband c1a531f1ed into 28
vf.expendlture categorles w1th correspondlng prices Thls detailed breakdown jf
_permlts constructlon of variable welght aggregate price 1ndexes For the -

'presentganalysis we_flrst'studledfconsumption as a whole_and then considered,



-tﬁovdiffgrent fiVe-coﬁmodity disaggregations constructed from the original 28.

Thé Norwegian Consumer Survey data differ from other data sefs in the way
) #hgy'haye been collected; The primary source of expenditure data is a detailed '
digr&fkept by'the household itself for an "accoﬁnting,periqd" of two weeks.
%Thé‘résulting”figures are "bldwn;up" by a factor of 26 to be expressed in units
of'anﬁuél spending. bifferent h;useholds kept these diaries for different
"véécbunfing periods, but eagh'household's accounting period remains invariant
over thé two years of the panel;; Thé specific time periods are known for each
household.

‘These diary data were supplémented‘with information obtained in a follow-
up,iﬁter&ieﬁ at the end of each accounting period. This interview was the
:séﬁrée.for the avgilable demographic information. It also contained questions
abﬁﬁt major purchases over the 12 months preceding the interview.
’Uﬁfbrtﬁnateiy, the ans%ers to theée'duestions were used ﬁo modify the diary-_
.béséd¥expenditure figures before the panel survey was made available to us.
Although we éré:unéble to disaggregéte the two sources of expenditure data, we
know the average sharé (across houﬁeholdé) of the total expenditure for each of
the 28 éategories that ¢§me from the followup interview (and therefore that
reléte;tovexpeﬁditures for a 12-gonth period)f Knowledge of these shares
b_allowéd expendiﬁufes tprbe treated as a weighted average of a two-week
?snapshq;" and an unweighted average of spending over the last 26 accounting
pé’f’iods», , |
35“w1T£é data for income, wealth, and taxes are annual averages taken directly
ffpm~the‘gpvernment’s tax file. This file is maintained by the Central Bureau

of Statistics and was merged with the expenditure data



&

b..fu51ng the off101al person identification numbers (corresponding to Soc1a1
'1Secur1ty numbers 1n the United States) , Household income (or wealth etc. ) was,

v;;defined as the sum of the 1ncomes of a11 the members of the households

Two income concepts are available. The f1rst is taxable income, whlch

l'f,1ncludes both labor and capltal income but excludes deductlble expenses
‘bnotably 1nterest expenses ‘It also excluaesvlncomes too low to be taxed
‘Lb :(Bi¢rn [1976]) ~The.second income conceptfisvthe sum'of,wage:income, used as a

'=”1ba31s for soc1a1ﬂinsurance7taxes,and business income. This concept is not

i
i

?subJect to personal deductlons or exemptions, hasino 1omer limit and excludes*
u;capital 1ncome except for the return on 1nvestments in unincorporated business.
,.This_deflnitionvis Qur‘preferredalncome measure netnofjactualttax‘payments;v‘
:;Theﬂprevious‘version’Of:thisspaper referredito a'definitional'upper limit on.
:thistincome:conceptr,'A_careful inuestigation'ofvour-data for high;income

‘households and discussions'with’colleagues in Oslo has convinced us that this

s nonexistent or, at worst, empirically unimportant in our data.

‘*Prices are taken directly'from the'Consumer;Price Index sinCe the

:expendlture categorles of our data match exactly w1th correspondlng

bsubcategories of the CPI : We use ‘the two-week spec1f1c 1nd1ces computed by

‘ Bl¢rn and Jansen [1980] as 1nterpolat10ns of the monthly CPI componentsvv
-a(Regional prlce indices are not constructed 1n Norway ) Even thoughaour'panel”:
B covers a: relatively short period .relatlve price variation was not trivial

fFor example based on flxed weight aggregate pr1ce 1ndexes for the'flve broad ’

vcategorles we used in one of the models the percentage changes from 1975 to-

_1977 relative to the overall flxed Weight CPI 1nd1cate reasonably 1arge changes

: in relatlve prlces among several categorles



Clothingland'footvear‘v‘ '; o -0.2%

o Housing, household appllances

heatlng, and utilities h' 'l-1;3%_’
;Transportatlonvand recreation 4078
? . Other expenditures : o » : +0 8%

Our models reflectlng the effects of relatlve price change are likely to ,
'1ncorporate even greater price variation at- the household level because .
‘variable welghts were used for the pr1ce 1ndexes and are household specific

[ ’ : o
.l.These~data‘are‘superior t0-those of all previous studieS‘in detail’and in o

:theirvprospects for measurement errors Nonetheless there‘are potential
lproblems.‘ Underreportlng may - ar1se w1th the income data espec1a11y the
vabuslness 1ncome portlon, whlch is the basis for income taxation‘“ For thls_‘f
ffportlon allocation of income to calendar years‘also may be at the dlscretlon
of the taxpayer to some extent although colleagues in Oslo suggested to us

bthat this problem would have been m1n1ma1 durlng our sample perlod, Sec0nd,

dv_gthe;income measure,and intervieW~based durable expenditures will not coincide'.

'ilhecause.therquestionsrelates:to_the preceding_lZwmonths.l We:seek“togcompensate
}Eforfthis‘diSCrepancy’byfcareful modeling of the‘timing 6f'i§¢p@¢ and‘

5 consumptlon Y . v B

s 'Thirda thé‘timevSeriesfdimension of our‘panelvislshort..lThis”limitationv:

'f'affects our modellng of thellncome process whereas one f1rst dlfferencevls

: sufflclent for estlmation of the consumptlon responses F1na11y,bne1ther off‘
'the two avallable 1ncome measures 1nc1udes nontaxable 1ncome prlmarily from‘»
‘socialhinsurance and other gOVernment transfers. _Since:the Norwegian‘systembof

~social insurance is quite comprehensive, this



k‘v"omisSion‘isvlikely;to;ekaggerate the_VOIatility offdisposable_income;i

3f'”35 The Model

The ba51c model used to structure each reflnement in the deta11 used 1n o

:testing the hypothesis 1s cast W1th1n the same ba51c structure as. the Hall-

i - .
! . i

Mishkln framework Our model is based on the follow1ng observables the first

"difference in.consumptlon (overallrand-the f1ve subcategorles 1n:the refined

|

- vver51ons of the model), the first d1fference in 1ncome the first difference in’

:h'lncome 1agged and the level of 1ncome lagged tw1ce

B lThe:hall-Mishkin.framemork assumesAthe hOuseholdfmaximizeshan additipe
“.’separable‘ dynamlc ut111ty functlon |
: : T e R
Ve = B z(1+p)t k u(ck), \ ()
k-t . L
mhere cp isyreal consumption at time k,- T is the household's time horlzon (e g
the known t1me of death), p 1s the subJective discount rate and Et is the
;expectations operator cond1t10na1 on 1nformat10n avallable at t1me t. Hall
hand Mlshkin assume the 1nstantaneous ut111ty function is the quadratlc
u(ct) - -(1/2)(c ct)2 R (2)‘
‘ In this case the f1rst order condltions for max1m1zation of Vt subJect to a
7standard intertemporal budget constralnt together w1th the assumption that the
_subjectlve'rate of tlme preference equals a.constant real 1nterest rate (p¥r)
'1mp1y that consumptlon in each period equals permanent 1ncome Hallland
.'Mishkin model the stochastlc part of 1ncome as_a two—component process. hlhe_r
=*f1rst component "permanent-income,"iispa-random'walk‘Withzinnovations €t. The
',sec‘o_n’a-f ¢om‘p'o'nentv., "transltory ifﬁco‘ﬁi;e,"‘ vis:a.moving average of



finité order q with inhovations nt and parameters Ao,...,Aq(Ao=1). Under‘this

.specification, the innovation in permanent income is er + B¢, where

Br = E(l+r) dag/ m(Lan)tk (3)

Clearly, 0<By<l.

Hall and Mishkin'eqﬁate‘the first differencé of COnsumpfion to this
fbrmula; with three mddifications.' First ;hey tréaﬁ Bt as a constant across
,:observati§ns, which amounts to little more than an assumptién that the

. l . . B ’ A . . X . . . .
distribution of household age is independent of transitory income. Second,
. . P N . .

since as we noted earlier they have data for food consumptioﬁ only; they relate
tﬁé éhange»in this variable to a times the innovapiéniin pefménent income.
‘ThiS'séaling;faétor, a, was intefpreted as the slope éf the Engel curve for

v foqdb(relative-price‘and‘demographic'effécts Were‘filtéred out in‘a‘preliminary
regféésion). Tﬁird; they allow for transitory consumption, possibly stemming
ffgom pfeferénce shocks épd assumed indepehdént of»permanént‘cbnsumption,

v dénqted et; and de;iVe 4).

FAC't = a'(et +v ﬂﬂt) + et (4)

Thé'é#tgnsion'to ManxyGoodé

| 'Té develop. the pefﬁanent income framework for commodity choices in
:és?onéglto‘relative priceé, we replace the instantaneoﬁs utility function
expreSéed intférms’of ce With the instanténeous indirect Qtiiity function,
which we éésum?'has the form | |

v(me,pe) = -(1/2) [e- (me-g=pe) /Pe]2,  (5)

‘whgre m¢ dénotes‘the,noﬁiﬁél value of consumption, py is an s vector of
iﬁdividual,nominalfprices, g is an s vector of constants that can be

10



lvinterpreted as defining the subsistence consumption levels, . and Pt a

normalizing price factor. The latter is defined such that
| ' s s
In Pr = § by 1n pj,.f bj =1,

wheté“ﬁj are elements in p for each timevpefiod and the constant bj are

: j :

marginal budget shares. This model implies an equation with the same form as
_(Q)Ifor’overall cbpsumption (a dérivation is presented in a technical appeﬁdix
available erm the;authors) properly deflated (thevappropriate deflator tﬁfns
oﬁt»to be a coﬁbination of Pt and an oVetallvprice index satisfying the Fisher
.équ;tion):“ Iranéitory consumptioh now arises #s the result of tiﬁe variation
in the real cost of subsistence consumption. Using the Hall-Mishkin
interpretation, we ﬁould assume that o = 1 because the model incotporates
overéll consumption. 'Hﬁwever, our empirical model allows a to differ from
unity as a reflectioﬁ.of the prospect of an asymmetry in the inférmation.
FZav;iiabie to the analyst relative to that available to the households.
Hpuseholdsrare‘likely to know more about theit future income streams than the
etonomgtrician can-infef from the available income data by treating them és
afising_from simple time'prbcesses. Thisvinterpretétion implies that 1 - a of
Qhat_thé model identifiesvas the innovatioﬁ in permanent iﬁcome_is actually old
ﬁews to the household5‘ Only the remaining fraction (a) is a true innovation..
'This formatiqn ié pefmitted,by,simply rétaining (4) as the basis fof
estimétion.

While»the distinction between thé households’ and the econometrician’s

information is important in general, it is especially relevant to our analysis

because it provides one means of reflecting our income measure’s

11



"éxciusion of tfansfer payments. . This omission should tend to make'iﬁcome
éppeér more volatile than it really is.

The_extension of equafion-(4) for the case of multiple commodities relies
én:the demand system corresﬁonding to (5) and purges. the effects of‘felative
pricesl Each démand function offers an "estimdte" of consumption. Equations
(6) and (7) illustrafe; (6) is the linear expenditure equation derived from
(5). |

mj¢ = gjPjt + Pj(mg - & + pe), j =1,...,8, (6)

where mjt is nominal eXpenditure on good ;. Each of these equations implies we

. i

‘can;estimate.mt‘from éach expenditure type as in equationv(7):

(mﬁt'- gjpj)/bj +g e pPr=mg, j=1,...,s, (7)
Thus ééch estimate should respond in the same way to innovations in permanent
3incomé. vLetfing Cjt denote purged components‘defined by (7) and deflated and
allowing for good-specifié transitory consumption (ejt), we then obtain (8) |

ACjt'=a(€t+ﬂf]t) +ejt, j =1,..., s. (8) ‘

The Timing of Consumption and Income

. _The timiﬁg of the obServatioﬁs on income and spending should also be
réfléctedrin thejmodel.' Two -alternative models of the timing of income
information weré considered. The first assumes news about income arrivals on
feach Janﬁary 1. The second maintains that news arrives continuously at the |
beginning 6f each respondent’s two-week accounting pefiod.r |

For the first model, the income pro?ess becomes essentially identical to

that of Hall and Mishkin. Since our data allow identification‘of'only_

12



one moving-average parameter for transitory income, we set q = 1. Our

obsetvable income variaBles then obey (9):

Ay = et + me - (1-2) me.1 - A meoa (9a)
Ayr.1 = €t-1 + me-1 - (1-2) meo2 = X ne.3 (9b)
t-2 7 B
Ye-2 = 2 €g + me-p + A ne.3 f . (9c)

Qbservedlconsumptién is a weighted average of a fraction 1-f derived from
tﬁe diafy kept during accounting period‘a in year t and a fraction f from the
fol}owup interview covering major purchases during the preceding 26 accounting
per%ods; The first difference of fhe first component is determined by the -
change in permanent income from the previous to the current calendar year. The
secbnd component is an unweighted avefage of spending dufing a accounting
periodé of this calendar year and 26-a of the last. Thﬁs, thé change in
observed overall consumption can be written as:

feg = al(1-E)(ex + pne) + £[(a/26) (e¢ + pne)  (10)
+ (1-a/26) (er.1 + ﬂﬂt-l)l} + eg.

,A‘similar expression can be obtained for each individual good, with
commodity-specific f;values and allowance for the commodityrspecific
tranSitbry;consumption term.

. . Assume that thé accounfing periods a are distributed uniformly and
independently of the other variables. Assﬁme f is distributedbindependentiy aé
well and redefine the symbol f td denote the mean of this distribution. Then
the‘poéulation covariance matrix for the vector of observables
(Acg, Ay, Ayt_1; Yt-2) is approximately given in eqﬁation (11) (the exact

formulae used in the estimation are given in the technical Appendix available

from the authors):

13



e al(1-£/2)02, + [1-£(1-3/2)18%) 0c242(1A2-2)ap? = .
O e | an

a(£/2) (02, + oty j(l-A)Zazn . -

0 - -Aazﬂ : N o

' The third column is not stated explicitly'because, by covariance

e
‘stationarity, V(Ay¢-1) = V(Ay¢) and cov (Ayg.1, Yt-2) = cov (Ay¢, Ayg.1) + cov

(Ayt, ye-2). Since V(Acﬁ) and V(y¢.2) do not help identify important

2 2

parameters, they are labeled as s and 0%, respectively.
| Fdrmula (11)'éontains tﬁe‘familiar'orthogonality constraint

xéov (Ace, yt_z) = 0. No zero constraint applies to cov (Act, Ayt.1) as long as
£f>0. an-zero'f-impliesrthatbsomeiof the consumption change recorded in the
folléwﬁp interview depends on last year’s income news. Of course, this
covariance is constrained by the parameters of the modél, and the model remains
‘testable via nonlinear constraints.

The information assumptions behind this model are rather extreme. This
- problem.is overcome by the refinement underlying our second model. In this
case»the model has no zero restrictions as long as f > 0. Let €at, Nat denote
the innovations to the lifetime and transitory income components for accounting
period a in year f, respectively. As before, assume the lifetime component is.
a random walk but now with innovations arriving each accounting period. As

before, we can identify only one parameter for the MA process of the transitory

component. Cbnsequently, we constrain the MA parameters to

14



bewaibﬁg é_straightvline sﬁarting at 1 at 1ag 0 aﬁd declining to A, an '
"égfimaﬁlé paréméter, atllag.q. After somé experimentétion, q was fixed at 3§
B ;éééadntihg periéds fl‘and i/2>years). |
éivéh this inc§mé process, we matched the obserVedvcohsumptidn_changeé fqr
éachlbbgérvatidn period with the respective current and 1agged incomg
inhdvétiéns and'coﬁputed the theoréﬁical population moments fof the ngé
obsérQable as that in the firstrmodel. We define a2e}f 11, 726 V(eat) and
”‘éyz = (6,419,902/392) V(nae), réépectively, for easy comparison with the
paraﬁeters of the first modei. These numbefs arise directly from the
;séééificationvdf the'a0countiﬁg period and the way "newé" enters the‘incomé
process (e.g., 11,726 = 12 + 22 +_ .. + 252 + 262 + 252 o+ 22 4 12). The

matrix corresponding to (11) becomes, approximately,

(12)
| ata-o. 30f)062 + S 02 +2(1 + 22 + 0.350)0,2 -
| ‘f[1 43 + 1.28 -'(1 43 + 0.042)£] B0, 2
Q=
a((0.25 + 0.426)0,2 + | 0.250,2 -
. [0.59 + o.113v+’(o.71 + O.46X)f]ﬂan2} [0.52(1 + A2) 4»0.54A]aﬂ2 .
 af[0. 0602 + (0.14 + 0. 02A)ﬂaﬂ ] -[0.50(1 + A2) + 1.30a]0,2 .

Comparing (12) with (11), we f1nd a larger cov (Ace, Aye. 1), even
if £ = 0 and cov (Act, ¥e-2) > 0, although small, which is cqnsistent with ,

Chrlstlanq et al. [1987]; As found by Working [1960], the random walk
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. : component of 1ncome follows an IﬁA(l 1) in annual averages with'an MA.p'
| parameter of 0 25 Since cov- (Ayt, Ayt 1) is sllghtly negatlve in our data, )
- We.exPect this dlfference to»lead to a lower estimatenof'ae2 and hence?‘a
&.; lower expected covb(Act, Ayt) |
| To disaggregate this form to. a five commodlty framework the first row
“’of a then is replaced by an 8 X 5 block in wh1ch the top f1ve rows are -

- unlnterestlng and the last three rows have elements of the form:

cov(Acjt,Aye) = a((1 - 0.30£§)0.2 + [1.43 + 1.28) - |
<c1;43-+ 0.04A)fj]ﬂan2), U je=1,...,5 . (13a)
cov(ACjt, bye- 1) ~ a((0.25 +‘0\42fj)a€27+ |

10.59 + 0. 11A + (o 71 + 0. 46A)fJ]ﬂaﬂ Y, j =1, 5 ~ (13b)

3

‘cov(Acje, Ayp.p) = afj[0.060.2 + (0.14 + 0.0?A)ﬂanz], j=1,...,5.  (13¢)

Except for the possibility of differing fractions fj of spending information -
derived from the followup interview, these covariances are constrained to be

equal. across goods.

4. Estimation Issues
Our estimation and testing of the permanent incomevhypothesis is a
sequence of refinements on the basic model in equation 4.. These begin using
'aggregate COnsumption under the assnmption that income news'arrives
::annuallyi This is followed by improvements in our treatment of the timing
of_income.innovations in:relation to consumption; then disaggregation of

consumption to allow consistent treatment of relative price effects with the

16



refinements on our representatlon of income 1nnovat10ns, and finally, the‘

‘;elimination of durables to av01d the problems posed by product durability in -

.,'our model

To 1mplement this seouence of reflnements requlres twovdlstlnct types

- of estlmation | - The f1rst 1nv01Ves estimatlng the static demand parameters
under;alternatiVeﬂcOmmodity definitions and the second requires estimating

,}ﬁﬁé?eébarianéé structuresvrélevantito each-descriptionpof consumptiOn‘and‘.

';income. | |

";& cOnslder the f1rst of these tasks Here we follOW~conventional
lbpradtice 5 We estimated'a‘set of.expenditure share'equationsVwithlthe'
cnonlinear restrictedvseemlngly unrelated regress1ons estlmator norma11z1ng

' feach of the functlons in (6) w1th the relevant deflnltlon of total expendl-r

.tures - Demographlc effects were included in the demand system by allow1ng -

for translatlng, so that sub51stence parameters (g) were spec1f1ed to be

irfunctions of household size, the number of children in the household the -

' ﬁ: lage of the household head “and whether the household had only one wage

earner. - Detalls are in the Appendlx (available from the authors upon
request); | | |
'af:Efficient\estimation Of the*cowariance matria’b ‘based on.the‘compugedi
cig e-valuesbrequires consistent though not necessarily eff1cient “
‘estimates of the demand parameters (MaCurdy [1981])

,3,4 The two observatlons for each household's expenditure ch01ces were used

'.‘as=independent observations in’these estimates >Thus the analysis'does not' :
”-allow for stochastlc 1nd1v1dua1 effects as in B1¢rn [1981] and B1¢rn and

: ﬁJansen [1983] Nonetheless, our approach clearly is conslstent
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'”The'secend‘estimation‘task inVelves the covariahee matrix Q for the
:fgeaeumpeionhahd inCOﬁe yariables ‘Acig, ... ,Acge, Aye, Aye-1, and Yt-1.  The
aaampie moment matrix M'isba safficient statistic for this proeeaure. Ve

:_‘compute these ‘moments afound means. These'means ﬁere allowed to vary
‘according to observatlon year (i.e., to vary across the two:subpanels
| dbserved in 1974-76 and_1975f77,-respective1y) and according to the'age of

v';the household head. 'Three age groupe were used (based>on,the first observa-

J'Ltlon year for consumptlon) ‘young, 39 years and younger; middle-aged, 40-64
:yeaFS' and old, 65 years and older Allowance fer time variation in the.
means was 1mportant because the time dlmen51on of the comblned panel 1s too -
vshortite‘permit estlmatlon of the covariance matrix for consumptionvand

:iecome movemehts arising from aggregate stocks This point was flrst
observed by Zeldes [1986] and is further analyzed in Mork [1987] The age-

egroup varlatlon prov1des an added safeguard agalnst 1nc1ud1ng predetermlned

'eqmpenepts 1n'our estlmatejef Q. We did noe adjust the 1nc9me variables for

e*otﬁer;éemegraphic.effeets. ,Althdugh'the_number-ef,adults in a household‘

afp;ggf}y{affeets itsvearnings potential, we deeided.nof to'adjust for it

*_Ibecaﬁgé such an adjustmeht ex post might mean removal of some important
'iaegmeuinnovatioas, such as those assoeiated with the sudden‘departUre of a
._breaewinner. | |

f;;io:accean;‘for measurement errbrs in conaumption, we aesumed they are’

'aaeeffelated with the ineome'yariablee and can therefore be included‘wiﬁh

:efansitdrybcbnsumpeionkin the e-terms in (4) and (8). . For income, measure-

.menéeerrofs are.&efiﬁitionalvrathervthan stechaatic. Thus, the first

differences of income are measured without error. We do allow for an error
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in'the:level measurement.of ytiz'but'assune thatvit'isﬁuncorrelated'With Ayt
:‘_and Aytji.' Thisbimpliesrthe.fornulaevfor cov(Ayt, yt_z)'and vﬁ‘ |
.cov(Ayt 1 Yt 2) are unaffected The assumption that changes 1n 1ncome are
'imeasured w1thout €error. is necessary for 1dentificat10n of the.three "H
vpfparameters,of thellncomelprocessﬁ 062, ayz,'and,li | B
» ,fwe estimatelthe parameter'uector underlying‘thevnatrix Q,hy :
EmaX1mlzating the log 11kelihood function v | b " ‘
(n/2)[ln|ﬂ(0)| + () 1M1 SURPEE <14>
: Computatlonally, this max1mlzation was carried out with a qua51 Newton
‘l_method with recalculationvof the 1nformat10n matrix for each 1nteraction
u51ng~a 51mp1e step51ze search.i This approach'has been detailed in the E
vappendlx of Bound Grlliches and Hall [1986]

The likelihood functlon in (14) is valid only 1f the underlying
t_stochastic varlahles:arevdlstributed normally..‘0therw1se,‘max1mlzat10n of .
klﬁifcanibe interpretedpas»duasi-maXimumvlikelihood.' Thispprocedure'is‘[
lpé?ﬂéﬁstent under'general conditions,vand a.robust.estimateiof the'variance .

-covariancefmatrix of 3, computed from the inforﬁation matrix and'the nean
:ofvthe squares of the score for each observatlon ‘has been derived by

; MaCurdy [1981] We computed th1s robust estimate for some of the specificae
tions as a check on the valldity of the normallty assumptlon We found that
::the standard errors derived from the information matrix did not- exhibit

» psystematlcvdlfferences'between'the‘tWO‘estimators Given the considerable :
addltlonal computatlon time needed for robust estimatlon ‘we Worked w1th
max1mum likellhood estinator_based on normality |

Implementatlon of the spec1f1c models requlred some adJustments to

'reflect the progre551ve relaxatlon of the assumpt1ons 1nherent in earlier
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. ;‘testsfoffthe‘permanent income hypotheses.f‘Our first,three modelsi(i.e. the

:htwo based aggregate consumption and one w1th five: disaggregated components)

Atreat\all goods-as nondurable.‘ The final model removes durable goods (i e.

vappllances, furnlture automObiles _bicycles.and‘recreational vehicles) from

,the relevant aggregate categories - Housing remains'in'the“ekpenditures inv‘
'_iallacases. The hou51ng expenditures had been c0nverted to a service
.gqﬁivaientbbefore wenrecelved thevdata. | o
Jh:{dSineg.our_last.specification implies'a separabiiity assumptionfbetween:
nondurabies and'the durables we identified? the»budget;sharesvused in
;estfmating the demand‘system were~expre53edvin terms of‘the.sharepof'the
-ftotalwofinondurable expenditures. ‘Consequently;‘in this'case computation of
' ACjt requlres an add1t10na1 normalizatlon rescallng by the budget share of.
nondurables 1n,the totalaexpenditures - The sample mean was: used for thlS
':'adgustment | N B AR
| Whlle both treatments of the income process were used in the dlsag-
,ggegatedjmodels, theiresults;Werpresent here arevlimited.to the time- .
3aggregated incomevmodell(rather‘than the annual'announcement modei)iin these
.'cases This gives a total of four models v:aggregate con3umption{vith both‘v
income-models;,disaggregated;consumption includinghdurables’with time-
aggregated.income; and disaggregated.consumption-escluding’durables with'Lb
time;aggfeéated-income.v | o “ - |

i_For each:specificationf'we estimate ﬁ:in three ways:. (1)aan'uncon-i;‘

bstrained estlmate 1mpos1ng only covariance stationarity so theuparameter -
. vector: con51sts of a11 the 1ndependent elements of Q (2) constrained :

i %Stimatesgin terms'of;thevparameters.ofgthe model;':*'
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d,'ﬂ, A, 062, an2,h02,'and s2 (in the disaggregated‘eases, s2 is reﬁlaced by
the‘independent elements ofathe.variance covariance hatrix‘S of cht)» using
thehf-values fixed at the average fractiens for the sample (taken
‘from Bi¢rn and Jansen [1980 1982]); and (3) restrlctlng ﬂ to be cons1stent
‘w1th 1ts theoretlcal value 1mp11ed by equation (3).
Comparlson of the 11ke11hood value for e1ther of the restrlcted models
with the unrestrlcted ﬂ (except for statlonarlty) prov1des a test of each‘
: ﬁedelr Ohr spec1ficatlon of the restrlctlons on ﬂ imposed equation (3),
assgmihg an expected remaining lifetime (T-t) of 20 years (ourvaverage
household head ie>50) and an annual real interest rate of 2%. :While the
actual[ex-pest real interest rates‘daring this period tended to he negative,‘
| a negative real interest rate wouid be inatpropriate for long-term planhing.
Inaany case, this particular sﬁecification was net‘influential. The results
@ere not sensitive to reasonable variations in. the real interest rate.
Theulength of'the MA-procees for‘transitory income in the time-

aggregated case Qas‘determinedvas follows. First, we'ngted a nontrivial
negative covariance between Ay and'ytrz. Thus, even thoughIWe could
‘1dent1fy only ene MA parameter in add1t10n to ae2 and‘anz from the three
1ndependent moments V(Ayt) cov(Ayt, Ayt 1), and covtAyt, yt_z); a lag of
ohly one two- week accounting period clearly would be too short to fit the
data:, -Consequently we imposed the linear lag structure and computed the
‘impiied’values for X ‘at breakoff points q_after 26,'39,>and 52‘accounting
periods. -For‘q =’52, A became‘slightly negative. Fbr q = 26, X was ;
extremely difficult to identify emtirically because the equations relating

'962;.002,'and A to the sample -moments resulted in a quadratic eqdation with
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complex:roots for A:l for q,=‘3§,cX could be solved for_as.avsmall;'positive
:, value and this was’selected o | E

The formulae in‘the second column of Q in (l2) 1ndicate the presence of"
h-ahsecond root for A equal to the rec1proca1 of the one just derived We“
'fcon51stently spe01f1ed initial values for A so as‘to arrive at the stable

'root._l

1
'1 .

5. Estlmation Results

’vTable 1,reports‘the»unrestricted estimatevoflthe%ﬁ matrix for‘the'
bsimple\aggreéate of consumption. The variables are measured‘invunits of
1974 NKr: 10 000 (at the time NKrl US $0 18). “TheSe units are cdnvenient”
'Qbecause they 1mply a variance estimate for Ayt'of sllghtly above unlty
“,=Thus,lthe cOVariances‘between”Ayt‘and the;other variablesgresemble
regression coe'_fvficients . |

;LAs'a breliminary observation, we note thatlthewestimatedf"
ﬂ¢gv(4y£;hA§t;1) is negativelbut verybcIQSe to zero. Thisﬁobservation
Ecdﬁtr;sts with‘the;PSlD'data,rwhereEthe cOrresponding‘covariance has‘been a:
‘large<negatiVe number,b'Since;a negatiVe‘autocovariance‘is implied.by-white-
'nﬁéisgﬂpéasareﬁen; errorS'for‘levels,‘we take this findingvasban’indication'
‘thatbourlincome data have'little white—noise-measurementwerrors.“ln :
"'contrast the substantlal negatlve covariance between Aytband yt 2 is’
v:consistent with anvMA process for transitory income
" It is a little curious that the mean spending level exceeds.the sample
v;mean for disnosable income, 1mp1ying a negative mean sav1ngs rate “which is:'
'somewhat at odds w1th the corresponding figures in the Nat10na1 Income»

o ‘Accounts However it seems eas1ly explainable by the exclusron of transfer



income capltal,income (othertthan‘the return~to.uninCorporatedvcapital),.'
. ~and possible systematlc underreportlng‘of income.
'The variance of the ‘change in consumpt1on is. f1ve ‘times as large asv
”‘thathof the incomelchange. This is hardly surprising, since the transitoryl
consumption componentbmuStvhe expected to be substantialvwhen spending'is
observedlfor two weeks only;. | |

The'contemporaneous covariance hetween consumption and income changes
'h is;positiveuas'eXpectedband significantly different from zero. However, it
“is not large indicatlng e1ther that a large portlon of the observed income
’change is trans1tory or that households ‘have substantlal advance information
abont-income. Certainly,there would'be no excess sensitivity to transitory-
'incomevbasedionpthis‘coVariancef In comparison, the covariance with the
lagged income changeiappears toﬂbe a little large. However, the‘only
vdlsturbing f1nd1ng is the 51gn1f1cantlybnegat1ve estimate of cov(Act, Ye-2)
which is 1nconsistent w1th both income models

Table 2 presents the parameter estimates for‘this‘modelvVariant under
' the assumption that 1ncome is announced at the beglnn1ngbof each calendar
year “With £ fixed at 0. 30, this model sat1sf1es the order condltlon for
-identlflcat1on of a, ﬂ, A 062, anz, s2 and_a?. Slnce the»model is
nonllnear, 1dentificatlon is-a 1ocal property; In practicet we were unable
“to estimate a and ﬂdindependently: _lhis problem seems to arise because
identificat1on of these parameters relles on cov(Act, Ay¢.1).  This
‘covarlance is forced to take on-a 1ow value because f/2 is as low as 0.15
1_(cf,_equation ll). To overcome this.problem, we constrained-ﬂ to its
theoretical.value lnv(3).':(The'standard error reported_for ﬁhstems,from the

dependence of‘ﬁ_on X.)

23



fThe resulting estimates-ofloézkand oy 2 indicate - that a little over half
v'the variations 1n 1ncome changes are permanent Th1s greatly exceedsbthe‘ '
bl“estimates of. Hall and Mishkin and others w1th the PSID data. Thisffinding‘
underscores the importance of 1mprov1ng‘the measures of 1ncome‘4 Measurement‘
Z’errorsfmay vellwmasquerade aSﬂtran51tory fncome . The estlmate of A indi-

- cates that half the trans1tory 1ncome changes last for a year beyond the

‘ sg'year they f1rst occur. The estlmate of a suggests that ‘about a th1rd of

llfwhat appears to the analyst as 1nnovat10ns in permanent income were enpected}

:J;by the households kThis value 1mp11es ‘an estimate of cov(Act, Ayte) close to
"its unconstralned value .Wh11e the model's estlmate of cov(Act, Ayt 1) is a
fgood deal smaller than suggested by the raw data - of course cov(Act, Yt-2)

is constrained to be zero whlle 52 2

‘and o“ are very close to. thelr-
.unconstralned values . In spite of the 51gn1f1cant1y negatlve unconstrained
estimate of cov(Act, Yt 2), the model is not reJected though the

'slgniflcance level of 0 08 makes th1s a close de01s1on

*_Parameter estimatesgfor the tlme‘aggregated model,»withvincOme still
treate&-as”a.singlelaggregate-tare presentedsin Table 3. When ﬂ is
’ constra1ned this model does perform sllghtly better (being not reJected at
a probability level of 0. 11) Moreover,~it Implies that a'smaller portion _.l
:of the:variationjin income changes - about one-third -é'islpermanentr‘ As'a ;‘
' result-,the.predicted‘contemporaneousfcovariance‘betveen‘inCOme and o
lconsumption changes is smaller This model also provides a better fit for
‘hcov(Act, Ayt 1) because it recognizes that a good deal of the change in
:annual 1ncome is last year s news. | |

‘UFinally, it allows 1ndependent 1dentif1cat10n of a and ﬂ The uﬁcdn;’*

' stralned estlmate of ﬂ lies comfortably w1thin the unit 1nterva1 Its_point_
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,estimate:is,‘perhaps, en the large side,bbnt the standard error is even
plarger} “As a:result,_the theoretical constraint for B is not rejected (with
 the probability - 0.75).

Unfortunately, the f1nd1ngs are not unlformly good. With‘ﬂ uncon-

xj'rstralned the model is reJected with probab111ty 0.04. This test has only -

-rone degree of freedom Heurlstlcally, this means that a11 the sample
'f{monents except cov(Acg, Yt-l) are‘used to identify the parameters. Slnce we

ialready kbowbthat the unconstrained estimate of this covariance bOntradicts'
'thefnodeltsignificantly,jthis rejectionewas not surprising; Consequently,
r:it.motlvates our dlsaggregatlon of consumption, recognltlon of relatlve
' ,priee and demographlc effects,‘and focus on the time- aggregated 1ncome‘

’meaeure.r Table 4 reports the unconstrained estimates of 0 w1th a five-good
I'diaaggregation ef all consumption including durables. Only the last three
‘rewshof this matrix are of real interest.

;Ihe contémporaneous%covariances between consumption and income changes
'Iareapositipe.except for the "other" category.v However, it is. significant
eonly for transportation'andkrecreation. In the case of food, it is quite
Sméllf';TO aee thié.cbvariance in the right‘perSpective, note thatbthe Acjt
”alreaey_have been normalized for differences in the slopee of their respec-
ﬁive'Engel,curves. Thus, therlow covariance for feod cannot be explained in:
lﬁ:ternafdf:allow totalpexpenditure eiasticity; Our estimates were quite
etaple.ﬁith'bj=,19 for,food,aimplying an income elasticityvof .64.)’ The
:.eatimates of the.contemporaneous covariances for food and other expenditures
beeomeuepen-more eisturbing:in Qiew of (13a), which indicates that these
~¢¢yariances should‘be larger if the spending datavare compiled mainlypfrom

‘the two-week diaries (i,e., the_fj'small). Since all the food expenditures

25



V:and Qiftﬁally ali the’“other“ expenditures arevcompiled thisrway; We would
"have expected their covariances to be larger than those for the other
:categories One implication of this finding is that food consumption is far i‘

"from representative for overall consumption of course this 1mplies that

'”iﬂidwhen data availability has required excluSive focus on food consumption this'

_may not bevan adequate baSlS for gauging the senSitiVity of consumption to
! _»\ljﬁcomej‘-. » | ! o
) "fhe cbvariances betveen the'contemporaneous consumption‘changes dnd the
',viagged income changes also seem puzzling .Thegsignificantly'positive -
'_estimate for transportation and recreation is conSistent Wlth the theory,‘r’
‘but the slightly negative estimate for houSing is not ’Given“its converSion'“
to a service flow and the method of data collection we expected this to be
Tthe 1argest covariance. | | | |
The covariances With 1ncome lagged tWice have varying Signs and large

véhsolute.values. The negative covariance for transportation and recreation'
.iéesignificant and appears to be the mainhculprit for the'large.negative
covariancevfor aggregatehconSunption.v The;estimates ofvthe;interesting_fﬂ~
parameters forethispmodel variant are presented in Tabie 5; hAseexpected;
‘the_parameterslof the:income'process (aézg 052, and i} are virtnailv»unsv
changed from the aggregate modelL‘LHowever, thevestimates of a and b are’
somewhatgdifferentf .As we noted earlier,vthe disaggregated model provides.
fivehestimates'of total'ekpenditures. Our estination constrains ;'and ﬁ to .
:be‘constant‘acrOSs:ail categories,. if'we'seiected anv'one:ofhthese
?j¢§§ima£§s and usedgitiexciusively, the‘approach;wonld paraiieidthat usedhinvf

eariier Stndies‘focusingpon one component of consumptioni;”When they‘both-‘
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: unconstrained a exceeds unlty, while a large negatlve value of ﬂ keeps the

| ;estlmated values of cov(AcJt, Ayt) from getting ‘too large When ﬂ«lS‘

v”fftconstrained a drops to half 1ts value for aggregate consumption reflecting

- the fact that cov(ACjt, Ayt) is low for the "wrong" goods, namely those w1th:
F‘& low values of fJ This mismatch also contrlbutes to the poorer fit of the

:model which 1s reJected at 4% and 2% w1tn B. unconstrained and constrained

o respectlvely. The ﬂ constraint[is-not rejected, but7again this_ls a,

marginalldecision»With'a5significance level of 8%.
sbisaggregation appears‘to have uncovered some problems that did not -

“hshow up in the aggregate At.the same time, it allows us to p1np01nt the

source of the mnegative cov(Act, yt 2) in the aggregate Slnce,this problem
";appears to be associated with durabillty, the final model vers1on offers one
method:for dealingdw1th this issue by assuming separability and,removing
ekpenditures‘on durable;goods from the relevant categories. Unfortunately,
jthisidoes not_solvegthe prOblem‘completely. As can be seen from thehlast»
'-:rowhin Table 6 'cdv(cht; Yt-2) remains significantly negative‘forithe
’“rremainlng nondurable component of transportation and recreatlon In‘an

: attempt to. 1dent1fy the source of the problem we computed COV(ACjt, Ye-1)

| for each of the subcategorles of th1s spendlng group. Slnce-estlmation of‘a
V,(demand system for these subcategories would have been prohlbitively
Kf;compllcated, thevcovarlances for'these are not corrected for relative price
'~effects£and thus‘are not. ouitevCOmparable torthose in Table‘6; Keeping thlS‘
icaveat 1n>m1nd we nevertheless were convinced that the main‘source of the

problem was the category "operatlng expenses for private vehicles " Twoﬁ

‘:‘u'characteristics of this category come to mind. First;-it isfquiteﬂlikelyﬁto

"be complementary with private vehlcles which‘is'one of the excludedvdurable_



goods;bso the 1mplicit separabillty assumptlon may not be approprlate in
'Ethls.case.' Second, the relative prlce of gasoline fluctuated substantially
'fdaiing bur'sample period, and theyllnear expendlture system may not capture
é&ﬁﬁiétely the réspenses to these fluctuations. Both these factors imply
that‘further refinement in the model is necessary to deal adequately'with

. |

the 1nstantaneous choice of commodities and would not necessarlly be a
‘2v101at10n of the 11fe cycle hypothe51s

| Another feature of Table 6 -is that the contemporaneons covariances
‘hetneen'conSnmption and income changes have shrunk for those spending |
eategbries from‘which durable components were removed. :This change is not
;surnrising, as stock adjnstments strengthenvthe contemporaneous responses to
'incbﬁe changes; It.eases the strain on the cross-equation eOnstraint on
’_'theSercovariances{»>However it aiso drastically rednces the estinates of a
:as:shdwn in‘Table 7. Rel onciling these data w1th the life- cycle hypothe51s

ﬁb?l@jtéQU1re one to believe (with B constrained) that households had

advancexinformation about 88% (1-0=0.88) of what an external analyst would

'z‘classify as permanent 1ncome changes based on the income data alone. We

' flnd this percentage to be high, even recognlzlng the exelu51on of transfer
'bulnCOme‘from our data. This flndlng is similar to the failures of the
vhnarlance tests of Campbell and Deaton [1987] and West [1987] on’aggregate-
¥, S. data.

-If-we accept ;, then the overall fit of the model now is much more
ﬁaCCeptable. Likelihood-ratio tests of the model result in significance
"1IeVelsiOf'l3% whether or not ﬂ is constrained; and the constraint of B is
nnot reJected at the 26% 1eve1 when tested 1nd1v1dua11y Thus, with the most:

reflned model 1ncorporat1ng ‘relative price effects, assuming'separability of
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‘ durables and using t1me aggregated income, our data are'compatible'With'thei

7,life cycle hypothe51s under ratlonal expectatlons

v‘;é;; SEQQArx and ggnclus1on |

R Emp1r1ca1 tests of hypotheses‘are only as good as the data used for the
-téstlng._VOQr analysisvhas been based on the best data available to date foru
testingfthe pernanent/income lifenycle hypothesis. We,have demonstrated ‘
“hovjthislimpr0vedbdata can_be used to gauge the implications}of:progressive'_
lgéf;pémgnts intour:modellfor the conclusions of tests‘of the 1life cycle |
.,fraﬁevbik.' Asvonevvouldfhope,»whenvwe have - the ability to measure.and

‘incorporate the effects of relative prices, demographic effects, the timing

' _of income inn0vations‘and durability oficommodities at the household level

VWithggood,income:measnres,_the data‘are consistent‘vith the hypothesis.
;?heﬂnethods_of'datafcollection appear to havefreduced'measurement

lerrors substantlallyv ﬁisaggregation into spending,components provided'
additlonal testing pover, revealed some Weaknesses concealed by aggregation,
,vvand permitted 1dent1fication of the source of the problem for

.cov(Act,,yt 2). The dlstinction’between durable'and nondurable goods even
7 1n the ad hoc fashlon employed in thlS paper, improved the f1t of the model
. considerably; At thevsame“time{ it revealed a covariance between'contem-
poraneoos Changes inlincome and'nondcrablevspendinglthat'is somewhatvon the
‘, ‘lQWyside‘for reconciliationawith the lifeacycle hypothesis:. |

Of;course ,the failure'to reject a hypothesis is,notvsynonymous With

o acceptance of th1s view of behav1or Indeed, our tests do not fully take

advantage of the rich detail that is pos51b1e w1th complete mlcro data. 1In

th1s sense, then they are’ not as. powerful -as they could be Consequently;
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ful}yconfirmﬁtion of thellife cycle/rétional expectations hypéthesis
réquireébbetter‘understanding of the determinants of the lévels of
coﬁsumption over time; of the behavioral procéssesrhouseholdSvat different
§§égeé in life-cycle use in forming their expectafions of permanent income,
éﬁd‘aﬁlappreéiationvof the role of real and perceived dohstraints on their
béhé&icr; Some of these issues have been explored by Shefrin and»Thaler
:[1987], With the availa£1e data, these areas are feasible nextvsteps for -

future research.
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Table 1
- Estimated Q - matrix with consumption treated as a single aggregate
Unconstrained estimates except for stationarity.

- Units = NKr 10,000 (1974: NKrl = US$0.18).
Standard errors in parentheses, Z-statistics in brackets.

G Ayt Aye.- Yt-2
Act 7.180
S (0.497)
[14.457]
Ayt 0.378 1.325
(0.151)  (0.065)
[2.507]  [20.409]

AYe-1 0.286 -0.083  1.325
S (0.150)  (0.062)  (0.065)
[1.905] [-1.344] [20.409]
V-9 -0.630  -0.241  -0.324  5.386
(0.306)  (0.099)  (0.091)  (0.372)
[-2.060] [-2.424] [-3.541] [14.465]
T = 4.443 ¥ = 3.812

f-value: 0.30
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Table 2

Model estimation results
Consumption treated as a single aggregate.
Income announced at the beginning of each calendar year.
Standard errors in parentheses, Z-statistics in brackets,
B constrained to its theoretical value. -

Parameter estimates:

2 2 N

o¢ 4 o B s2 ' ‘02
0.703 0.414 - 0.545 0.625 0.091 7.165 5.388
(0.182) (0.120) (0.154) (0.265) (0.009) (0.496) (0.372)
[3.875] [3.445] [3.404] [2.355] [10.017] [14.458] [14.466]

IR test of model: p = 0.080, d4.f. = 2

Estimated  matrix:

Act Ayt Aye-1 yt-2
Acy 7.165 |
Aye 0.394 . 1.324
Aye.1- 0.067 -0.093 | 1.324
Ye-2 0.000  -0.217  -0.310  5.388
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* 7 " Table 3
: . .
Model estimation results ,
‘Consumption treated as a single aggregate
: - Income announced biweekly
Standard errors in parentheses, Z-statistics in brackets
o Fixed f-value: 0.30.

" Parameter estimates:

2 2 \

O¢ In a B o s2 ' &2
'-ﬁ unconstrainéd‘ '0.499 0.409 0.017 0.528 0.606 7.176 5.388
’ - (0.100) (0.053) (0.189) (1.170) (3.335)  (0.496) (0.372)
[4.9771 [7.719] [0.092] [0.451] [0.182] [14.457]  [14.465]
B constraiﬁed» A 0.405 0.411 0.017 0.820 0.047 7.171 - 5.388
U (0.100) (0.053) (0.188) (0.307) (0.009) (0.496) (0.372)
[4.959] [7.782] [0.092] [2.672] [5.478] [14.458]  [14.466]
IR test results:
. Test of model, B unconstralned p=0.037, d.f.=1
Test of constraint for B: p=0.751, d4.f. =1 ‘
Test of model, B constrained: p=0.109, d.f.=2
‘Estimated Q matrix:
B ﬁnconstrained _ v _ B constrained
Acg Ayt Ayl Ye-2 Act Ayt CAye.l Ye-2
Ace 7.176 | 7.171
Aye - 0.374  1.323 | ©0.386 1.323
Aye.1 ~ 0.204  -0.086  1.323 0.165  -0.088  1.323
Ye-2 -~ 0.010 -0.214 -0.300 5.388  0.008 -0.215- -0.303 5.388
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Table 4

Results with five expenditure groups, all treated as nondurable.
Unconstrained (except for stationarity) estimate of the Q matrix

Standard errors in parentheses,

34

ACt
Aeg | I
o N o transp. |
1 food clothing housing & rec. other
| e . »
|food . 9.991 g
1 (0.691) ’
| - [14.457]
I . _
|clothing  1.324 34.756
| : (0.914) (2.404)
| [1.449] [14.457]
I v .
|hou51ng -0.696 1.175 19.778
I (0.688) (1.284) (1.368)
| [-1.011]  [0.915] [14.457]
|
|transp.  0.409 4.991  --0.305  30.103
|1& rec. (0.848) (1.601) (1.194) (2.082)
| - [0.482] [3.118] - [-0.256] [14.457]
[ . R :
|other . 2.636 5.880 =12.250 4.068 99.515
1__ - (1.548) (2.981) "(2.251) (2.684) (6.884)
[1.703]  [2.034] [-5.442] [1.516] [14.457]
Ay - .0.057 0.237. 0.326 0.875 -0.681
(0.178) (0.332) . (0.250) (0.308) (0.562)
[0.321] [0.715] [1.304] [2.839] [-1.213]
Aye.q 0.161  0.197 -0.070  0.717 0.448
(0.178)  (0.332) . (0.250) (0.307) (0.562)
[ 0. 906] [0.593] [-0.281] [2.340] [0.798]
Yoo -0.327 0.513 0.705 -1.664 -1.307
' (0.359) (0:670) (0.505) (0.628) (1.132)
[-0.912]  [0.766] [1.394] [-2.649]  [-1.155]
f-values:  0.00 0.16 0.79 0.28 0.06

Ayt

-0.
(0.
[-1.

-0.
(0.
[-2.

©1.325
(0.
[20.

065)
409]

083

062).

344

241

099)
424

Z-statistics in brackets.

Aye.1

1.325

(0.065)

[20.409]

-0.324

(0.091)
[-3.541]

Yt-2

5.386
(0.372)

[14.465)



| Parameter estimates:

B unconstrained

B constrained

LR test resul

ts:

O¢

0.472
(0.099)
[4.755]

0.485
(0.100)
[4.856]

Table 5

Model estimation results .
Five expenditure groups, all treated as nondurables
Income announced biweekly
Standard errors in parentheses, Z-statistics in brackets.

In

0.417
(0.055)
- [7.559]

0.411
(0.055)
[7.523]

0.
(0.
[O.

0.
(0.
[O.

.Test of model, B unconstrained: p=0.038, d.
Test of constraint for g: p=0.78, d.f.=1
Test of model, B constrained: p=0.023, d.f.

"+Estimated @ matrix, last three rows:

food

B unconstrained

Ayt 0.124
Aye-1 -0.053
Ye.2 . 0.000

B constrained

Aye 0 0.199
Ayt 0.051
ye-2  0.000

f-values: 0.00

transp.
clothing housing & rec.
0.178 0.421 0.342
-0.050 -0.039 -0.043
-0.002 -0.012 -0.009
0.188 0.141 0.156
0.065 0.125 0.106
0.002 0.010 0.008
0.16 0 28

.79 0.

35

057
190)
303]

052
192) -
269]

1.
(0.
[1.

other

.137

.052

.001

.196

.055

.000

.06

482 - -0.
851) (0.
7411 [-2.

.386 0.
.
(1.

235) (0.
640] [5.

Ayt

1.325
-0.088

-0.240

1.324
-0.083

-0.233

620
242)
561]

048

009)
543]

Aye.1

1.325

-0.328

1.324

-0.317

Yt-2

5.391

5.385



ResQltS*with fi#e expenditure grodps

Tabie 6

: tf}values: -0

36 -

S Act A
N I E . transp. o
| food clothing - housing = & rec. other
. |food 4.754 |
R (0.329)
N [14.4571'
R e ‘ .
, |cloth1ng 0.662,.._19.033
] (0.466)  (1.317)
e [1.419] [14.457]
1 . = e Co
|housing * -0.117 - 1.026 10.224
| - (0.341) - (0.684) - (0.707)
4 [-0.344]  [1.500]  [14.457]
o | T .
~|transp.  0.970  2.903 0.028  26.638
|& rec (0.552)  (1.110)  (0.807)  (1.843)
1 [1.757]  [2.614] [0.C35] [14.457]
lother = 1.452  3.386  -7.351  4.497  63.357
_ (0.852)  (1.707) - (1.296) . (2.021)  (4.382)
T [1.704]  [1.984] [-5.674] [2.225]  [14.457]
Aye . 0.050 - 0.183°  0.135  0.466  -0.525
a ©(0.123)  (0.245) (0.180)  (0.290)  (0.448)
[0.409] .~ [0.746]  [0.751]  [1.604] = [-1.171]
© Aye.l 0 -0.117° 0.135  -0.197 0.624 0.361
o ©.(0.123)  (0.246)  (0.180)  (0.289)  (0.448)
0 1-0,953]  [0.550]  [-1:093]  [2:158] [0.805]
ye.p . -0.266  0.326  0.318  -1.520 -1.094
. (0.248) © (0.496)  (0.363)  (0.590)  (0.903)
[- 1.073]  [0.659]  [0.876]  [-2.575]  [-1.212]
.00 16 0.87  0.02 0.06

- -0.
- (0.
[-1.

0.
(0.
[-2.

Unconstrained (except for stationarity)
o - Estimate of the Q matrix
,Standard errors in parentheses

. AYt"’

.325
(.
[20.

065)

409]

083

062)

344

241

099)

424]

“durables ingnored.:i:.

Z- statlstlcs in brackets

Aye-1

1.325
(0.065)
[20.409]

-0.324

(0.091)

[-3.541]

CYee2

5.386
(0.372)

[14.465]



Tébie 7

Model estimation results

"1*;l - 1  e , Five expenditure groups, ignoring durables
S e - Income announced biweekly .
Standard errors in parentheses, Z-statistics in brackets.

' Parameter estimates:

SRR - , o2 02 o a .
o ﬂ’unconéﬁfaiﬁéﬂi 0.479 - - 0.413 0.059 0.758 -0.71

ﬂ .

(0.100)  (0.055)  (0.192) = (0.699)  (0.332)
[4.800] ' [7.489] ~ [0.305] [1.084] [-2.148]

B constrained 0.482  0.411 0.061  0.121 0.049
IO (0.100)  (0.055) - (0.193)  (0.210) ~ (0.009)
[4.819]  [7.440]  [0.315] [0.575]  [5.551]

~ LR test results:

. Test of model, ﬂ'unconstrained:'p=O.129, d.f.=13
- Test of constraint for B: p=0.264, d.f.=1
 Test of model, B constrained: p=0.128, d.f.=14

~Estimated O’mat;ix,-last three rows:

transp.

;;f@g& | clothing_' housing & rec. other
ﬁ uncohétfained
Aye . 0.027 -~ 0.061 0.212 0.163 - 0.036
Ayg.y . -0.042  -0.043  -0.050  -0.048 -0.042
Ye.2 . 0.000  -0.002  -0.009  -0.007  -0.000
B constrained .
Aye  0.062  0.059 0.044  0.049 0.061
Ayl 0.016 - 0.0200  0.039 0.033 0.017
ye.a  0.0000  0.00L  0.003  0.002 0.000
~ f-values: 0.00 0.16 0.87  0.02  0.06
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Aye

1.325

-0.085

-0.238

- 1.325

-0.082

-0.238

Aye-1

1.325

.0.325

1.325

©.0.321

Ye-2

5.385 |

5.386
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APPENDIX
f ‘A AT C AND DYNAMIC OPTIMIZATION WITH MANY GOODS
la Our data contaln 1nformat10n on a complete set of M = 28 expendlture
: categor1es.' The categor1es and the1r average budget shares are listed in Table'y"
Al; We assume that the instantaneous preferenceSVfor household i at tlme,t‘can
“be described by the separable utility function.

uit[»"slit(zllit","’jZMlli't).f "t ¢sit(zlsit"'"’FZMssit)].'

X ... 'We

" This assumpt1on allows us to deflne s < M aggregate goods xl £ e sit'

: construct a price index pJ it for each aggregate by an unchalned d1v1s1a

L procedure The values of the price 1ndices vary across households because of

‘budget varlations in'the“shares. We assume s = 5, but the components going
intofeach aggregate vary fromvmodel'to model.. A complete l1st of the
: aggregation for each model is g1ven in Table A2

‘; Suppose the‘instantaneous utllrtyvfunct1on has the form

: s « o '
St L PR " . J 2 : B ‘ \
Ui T 2 ey 'j§1’ [G55¢ ch)/bj] o - (Al
" where X b, = 1. The parameters gjit are indexed by household and observation
j=1 - | R LR

perlod because they may depend on demographlc characterlstlcs
; The statlc demand funct1on implied by (A1) form ‘the Stone Geary 11near
ﬁexpend1ture system

h (m

Myie T 8jiePyie T P (Me 7 BgetPye) I L eom o (AD
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where

S : : .
Mie T Pyic¥yie Mie T jfl Miser Bie ~ (Bpyprr-orBgyg) s and
Pie = (Prjpr-+Pgie)
The'inStantaneous indirect utility function is
v, (m Y = - (2[5, - (- g, p; /P 2 (A3)
Vi MieePid/ T i it ~ Bit'Pic//Tie!

o s » b 3
‘where P, = 3 p....
i LS

By a two-step optimization argument, we embed Vie in the household’s

- intertemporal optimization problem and assume that the household maximizes
t-k | |
(1+p) " vy (myipsy), | - (a8)

~ where Et denotes expectation conditional on information available at time t, p
the subjective discount rate, and Ti-t the household’s expected remaining
\1ifetime,subject to the budget constraint

T . .
i -1 :
kft (4R, ) (Y gqemmyy) f Aje = 0. o ' (A3)

¢

Here, Yik denotes nominal labor income at time k, Ait{ the nominal value of
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assets at time t, and Rkt the (k-t)-period nominal interest rate at time t

(R

S 0).

 Consider a variation around the optimal path that subtracts x from m, and

 adds (1+Rkt)x to M for some k > t. Optimization with respect to x yields the

first-order condition =

k. '
LRy ) (L) VB [81/Pyy - Oy -8y, Pyy ) /Py ) (A6)

- G . —g. . 2
Ci/Pye My By Py /Pl
*
Suppose that some overall price index Pt’ common to all households, satisfies

‘thé Fisher equation
k-f * 0%
i1+Rkt = (1l4r) Eth/Pt, (A7)

where r is tﬁe real interest rate. We assume r = p. Empirically, we use a
fixed-weight index for P:; #shen durables are included, it coincides with the
overall CPI.

SUbstitutingv(Al) into (A6), using the formula for the expectation of a

product and solving, we obtain

‘ % * 2 -2
Eemig = My (Be/E R /(B EP)

* k2 . |
- (8¢ Py (B/ER) /(P B P) - By Pyl (a8)
- cov (m,, -g.. *p P-2/E P-2)

M8k Pik Pin/EePix

- ¢ [ (PE/E¢PE)/(PitE¢Pik 2) - E¢Pik 1/EcPik 2]:

Next, substitute this formula into the expected value of the budget constraint

and rearrange to obtain .
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mit~- gitfpit = (H +Ait Ql +K ), _ »-:”‘ o e 2e(A9)
o Whefeff
£ R
Yy < /(= (1+r) (P /Eth) /(P Et )]
. . k#t :
AT T
fe (1+r) (P /E Pk)Ety1k
. k=t . -
G, = = (1+r) E (glk lk)P /E P
T k=t |
'E Q}egi}'1+ EK ool m e ops py/E P, PI2/E P2
e T kéﬁz(. ) eovilmy Pyt By P/ ECRi Pin/EePy
ST | : o T
IR - ST s TV m2y ok Lk
+ cikit (1+r) “[(BL/E_P)) /(?1tEtP1kj) (Pt/Eth)E P, /E Pk 1.

3

_Agaln us1ng the intertemporal budget constralnt as well as (A9) 1tse1f 1agged
‘one perlod it becomes clear that in the absence of uncertalnty, the argumentv
of Fhe 1pstagteneeusjutllity:functlonf<ci -v(mit -"sitfpit)/Pit, grows atvthe

By /Pl - 1)/(P /Pt 1) SRR | @
We infer ffom’this result that the p#oper deflator fervconsumptien is

Pie = Pie/Pe
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» AfteriappiiCation of this deflator, (A9)Vyie1ds
Cie ™ mit(Bitv' YieWie ¥ A + Kigd * glt plt/Pit " Y3e8ie o (AL

;‘where Hit’ it”Klt’ Qit are the deflated valoes of H. . Ait’vKit’ Git' .
: respectively We 1nterpret the first term on the rlght of thlS equatlon as

real permanent income and the dlfference between the two last terms .as real

.Ltrans1tory,consumptlon.

"'B. MODEL OF INCOME AND CONSUMPTION

- We use two alternative assumptions about the timing of income announcements.

hilfiinoome Announeemente ﬁade at the Beginninngf Each Calendar Year

vLet yit denote the stochastlc part of observed real dlsposable 1abor income
(deflated by the CPI) for household i in calendar year t. -We treat Yig as
‘ composed of a 11fet1me component a tran51tory component, and a measurement

' error;~

Yie = Vi P Y v U (BD)

‘;Lifetime income follows a random walk, = A

L L o _ 9
Vie = Vi1 ¥ i BLE 1c) 0, V(e ¢ = oe

‘and stochastic income, a first-order’moving average:

L N ST
o Vi nit + Aﬂl £17 E(ﬂit) 0, Vi(n;) = op-

.We assume the measurement errors are definitional rather than random, so

_that1u~' =u

it =% g1 " Yy but ui,hasva pOSLtivepvariance~rn thevcross.sectron.,
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' The assumptions imply

"AYit.' T TR Gl PSS B FIRUPY | - (B2)
- 'v Ayi,t'1'= ei,t‘i + "i,t'l - (1‘A)ﬂi’t_2 - Aﬂl £- 3, o (B3)
T T Vi d (B4)
Yije-2 T i,e2 T M2t M 63 T Y ee3 T Y }
v | ' = 02 4 2(142%a)02 -~ (B5)
(Ayge) = VY3 ¢ 1) = o0& + 2(1R "Ny, (
v, : 9 122 L 2
v(yi;t-Z) = o% + . (1+x )a% + V(yi,t-S) + V(ui) =g 3 (B6)
;cov(Aylt,Ayl ep) = - (1-0203 | (B7)
cov(Aylt,yl ‘. 2) . Aa%, . _ : L (B8)

°°V(Ay1 £- 1’y1 g-g) T COV(AY; LAYy ) °°V(Ayit'yi;t-2)' (B9)

L .
’Slnce V( ) + V(u ) is of no inde endent 1nterest azvis estimated as a

separate parameter

The implied annual innovation in income is

e T B (B10)

where ‘
B.

it = 71t[1+x/(1+r)].

(All) implies'that the first difference in real annual cohsumption equals (B10)
plus a-trahsitory-consumption term. From (A2), a similar formula holds for the
first difference for each composite good b provided it is "purged" of

relative-price effects in the form
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CoCyie T Uy - ByiePyid /Py Bl B, (B1D)

'?fbur consumption dataiare-weighted averages of a fsnapShot“ observation from.

v,the'diaries for:thevhiWeekly observation periods‘a (a=1, ..., 26) and an
unveighted average'of spending during the 26 accounting periods ending with a.

' _',Thus5 1f household i is observed durlng perlod a and fJ (0 < fjv<'1) is the

'”marglnal budget share for those components of good j that are. _covered by the
B . - . ;
interview, we have N ‘ !_

chia = (lffj)(eit + ﬂi"it)'+ fj[(a/26)(€it.+ ﬂi”it?
4 '(1-?/26)(ei,"t'1‘+ ﬂi"i,t‘-l)] + ejié, ] ‘=v l, RS m,
. where.e s a’good-SPecific stochastic‘term including transitory consumption

Jjia

as . well as measurement errccs and we have assumed ‘as a close approx1mat10n

|

"ﬂ ﬂial__ﬂ

ia’
Given the remalnlng parameters the variancesvof chié‘and their covariances
4»with3each other;Justhldentlfy'thevvariance-covariance matrix'of’the ejia'terms,
"Since'this matrix_is of no interest by,itself; thecvariances_and covariances_of
: chiéfare’estimated~as independent‘parametersl Assuming the distributionsbof

- €, n; B, and a all are 1ndependent of each other lettlng B denote the ‘mean of

.the ﬂi, and notlng that the mean of ais (1 + .2 + .;. + 26)/26 = 13 5, the

crossrsectlonal covarlances,with the.lncome,varlables are, for j =~1, RN -
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; - 2
.FCOV(cht.AYt} (1 (12-5/26)fj]0e

| (B13)

4 [1-£; (25 - 12.51) /261602,
o o . -
covlbes Ay 1) = (12.5/26)E (o8 + Bof), (B14)
covbe; v, p) = 0. o o (B15)

2. Income Announcements Made at:the‘Beginning of Each Two-Week Accounting

- . Period . » g
Let Yiat denote the true disposable real income received by household i

during accounting period a in year t. Assume

L T

| Yiat = Yiat + Yiat’ (B16)
XWhefe>
L L ’

Yiat = Yi,a-1,6 T ‘iat’ (B17)
T 384X, 1+438X, -

Yiat = "iat ¥ 39 ) M ac1,e T 0 Y G3g ) M5 a1 001
| (B18)

+ A

"i,a-13,t-1°

Assume annual income is subject to the same observation error as in the
preceding model. Then, (B16),- (B18) imply the following formﬁla for annual

~income:
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.26 26 39 2

6-a

y. = % (27-a)e, .+ (1/39) [ = n. (= Db+A T b)
it a1 lat aml 1%%heai13 b=1
26 a+l12 52-a
+ I 7. ( =T b+Xx T b) (B19)
a=14 1L p 13 Tbe27-a
13 a+12 39 26 - a-14 39
o+ 2 on. (2 b+Xx 2 b)Y+ T 7n. 5, (2 D+ 2 b)
Cam1 TE@El N b=27-a  a=14 18:%°2 ‘o b=53-a

L
*27Y5 96,6-1 * Yy

The expressions for Ayit’ Ayi,t-l’ and yi,t42 follow
formula.
The first differences for consumption are comput

same accounting period in the preceding year. So,

a
Asiar = 26(1-E0(C 0 - C4p ea) * fj[gfl (Cipe
26
LA S T T B T TR B j=1

“b=a+1l

(The last sum is omitted if a = 26.)
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-Tﬁe 1ife~cyc1é-hypothesiS~implies

Ciat ~ %ia t-1 z f(e + ﬂ ﬂlbt)v
| b=1
26
+ 3 (e, ) ﬂ n. ),
beatl bt 1 1b t-1
a 26
2 (c.y, -cCoo ) 4+ B (e, .- cC. o)
-1 bt vlb_’t.'lz beatl 0sE-1 Tib,E-2
. a - ‘ ‘ 26 N v
.=> EV (a + 1- b)(e bt + 'Birllbt) + 2. (a + 27-b)(eib,t-l‘+ 'B.inib,t-l):
b=1 , - b=a+l : o
f + bfl (b + 25 a)(e b,t;1,+ ﬂi"ib,t-l)
o 26 S »
+. = (b- -a- 1)(e o+ ﬂ n )
?’bfa+2 . b t- 2 i’ib, t- 2

»(The sums from a+ 2 to 26 ‘and from a+ 1 to 26 are omltted 1f a > 25 and

) a - 26, respectively )

50



Using these formulae, the following cross-sectional moments emerge

 after a lot of tediqus though straightforward algebra and arithmetic:
f | 2
V(Ayt)»n 11,726V(eiat) + 2[6,419,902(1+3 )
2 , B
+ 4,552,836A]V(niat)/39 o : (B21)

cov(Ay,, Ay, 1) = 2,925V(e, ) - [3,365,806(1+r%)

. 2 ‘
- 3?492?267A]V("iat)/391 (B22)
, | 2 ' ' 2
| cov(Ayt,yt_z) = - [3,204,675(1+A ) + 8,356,908A]V(niat)/39 (B23)
cov(cht,Ayt)'= (;1,726 - 3,500fj)V(eiat)

+ [235,590 + 210,470X - fj(6,137,078 +190,2923)/2618V(n,_ )/39  (B24)

j=1, -

cov(cht,Ayt_l) = (2,925 + 4,962fj)V(eiat)

+ [96,705 + 17,550 + fj(3,022,902 + 1,979,848))/26]ﬂV(niat)/39 (B25)
j=1, ..., s,

cov(ch,yt_z) = £,[675V(e; ) + (605,250 + 80,730A)8V(n, )/(26 39)] (B26)

With the definitions of ag and a% indicated in the main text, the

: formﬁlae in the text now follow.
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Table Al

Average Budget Shares (in percent) of the 28
Individual Spending Categories '

. Flour and bread.

Meat and eggs .

Fish .

Canned meat and fish .

. Dairy products .

Butter and margarine .
Potatoes and vegetables.

Other food . ’
Beverages.

Tobacco. .

Clothing ...

Footwear .

Heusing.

Fuel and powef .

Furniture.

Household appliances and equipment .
Miscellaneous household goods.
Medical'eare .

Metorcare and bicycles .
Runningvcosts of vehicles.
Public transportation.
Postage, telephone andAtelegraph charges .
Recreation .

Public entertainment .

Books and newspapers .
Personal care.

Miscellaneous goods and services .

. Restaurants, hotels, etc .

52

-
-

N B DD N W v P DO NN P

.63
.70
.60
.60
.73
.98
.13
.29
.35
74
.58
.72
.04
.78
45
.93
.60
.70
.95
91
.54
.47
.89
.10
.26
.00
.49
.82



Table A2

Disaggregation Schemes With and Without Durables

(a) Model with durables

I. Food, beverages, and tobacco

- Flour and bread

Meat and eggs

Fish

~Canned meat and fish
Dairy products

Butter and margarine
Potatoes and vegetables -
Other foods

Beverages

"Tobacco

CVONAULHEWN R

-

II. Clothing and footwear

11. Clothing
12. Footwear

ITI. Housing, fuel, aﬂd furniture

13. Housing C

14. TFuel and power

15. Furniture

16. Household appliances and equipment
17. Miscellaneous household goods

IV. Transportation and recreation

19. Motorcars and bicycles
20. Running costs of vehicles
- 21. Public transportation
.22. Postage, telephone, and telegraph charges
- 23. Recreation
24. Public entertainment
- 25. Books and newspapers

V. Other goods and services
18. Medical care
26. Personal care
27.. Miscellaneous goods and services

28. Restaurants, hotels, etc.

53



“(b)  Third variant, excludihg»durables;

:UIQ Fdod,vbéveragés, and tobécco

Flour and bread

Meat and eggs

Fish

Canned meat and fish

Dairy products ‘ J ,
‘Butter and margarine
- Potatoes and vegetables
~-Other foods o -
‘Beverages
. Tobacco

-

OO 00N U P W

II; Clbthihg and footwear

11.  Clothing
12. Footwear

IIi. Housing, fuel, and fﬁrniture

13.  Housing
14. Fuel and power
15. Miscellaneous households goods

IV. Transportatio.. and recreation

20. Running costs of vehicles

21. Public transportation

22. Postage, telephone, and telegraph charges
24, Public entertainment S

25. Books and newspapers

V. Other goods\and services
18. Medfcal care
26. Personal care

27._ Miscellaneous goods and servicés
28. Restaurants, hotels, etc.

54



Table A3

Estimates of Stone-Geary Expenditure System with Translating Parameters a

Model - o Model ' ¢
With : Excluding
Durables Durables

Marginal Budget Shares (by)

I. Food, beverages, tobacco - .1897 ' .2667
: . . (.0076) ‘ (.0082)
II. Clothing and footwear .0768 . L1251
: (.0041) (.0059)
- III. Housing, Fuel & Furniture .2399 : .2116
. (.0088) (.0080)
IV. Transportation & Recreation .3627 - L2582
(.0098) j (.0081)
c1 162.92 o 271.71
(112.09) , (129.58)
ey o -23.44 - -13.27
T ¢ 6.81) ( 3.15)
c3 - -360.66 -607.56
- (359.70) (290.38)v
Dy o | 1360.52 1347.09
' ( 95.63) _ v © (103.68)
Dy . - 297.64 ’ 236.09
‘ (208.95) , (189.53)
D3 - - 327.08 ’ 173.48
' ’ ‘ (116.48) - S (107.44)
Dy - 7.65 ; , 10.73

( 4.73) 7 ( 2.93)
Share Equation Pseudo R?

1. : - 271 .187

CII. - , . -.030 ' .020
III. : ' , .139 - .080

IV. - 040 - 047
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. a,f»Tﬁe‘basic model estimated is giﬁen'as follows:

I = b1 + (1 bl)(Dl Fsize + D2 Searn) * (PI/y)
"-bl s cq* . Nchild (P11/y) - bl . (D3 + Fsize + Dy Age) - (pIII/y)

<by + cg ¢ Age - (va/y)_- bl « c3 (Py/y)

§1f = by - b2-(D1stize + Dy Searn) + (P1/y)
" 4(1-by) - ci Nehild (Pry/y) - by + (D3 Fsize + Dy Age) + (Pr11/y)
-by - ¢ Age (P1y/y) - by + e3 (Pv/y)
'§111.?hb3 - b3 (Dl . F51ze + D2 . Searn) . (PI/y)

-b3 * c1 Nchlld (PII/y) + (1 --b3) - (D3 Fsize + D4 Age) « (Pr11/y)

-b3 -+ cp + Age + (Pry/y) - b3 - c3 (By/¥)

451V = b4 - b4 (Dl Fsize + Dy Searn) (PI/y)
-bg + c1Nchild (PII/y) + (1-bg) + (D3 Fsize +.Dy Age) « (P111/Y)

'*“:*4(}'b4)" cp * Age + (Pry/Y) - by » c3 (Py/y)

where

= expenditure share for commodity i
y = total expenditures -
.Fsize = numbers of individuals in household
Searn = qualitative variable for single-earner households (=1)
‘ Age = age of household head
Nch11d =jnumber of children under 18 years of age
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