


Abstract

State-level consumption exhibits excess sensitivity to lagged income to the same

extent as US aggregate data, but state-speci�c (idiosyncratic) consumption exhibits

substantially less sensitivity to lagged state-speci�c income|a result that also holds

for Canadian provinces. We propose the following interpretation: borrowing and lend-

ing in response to changes in consumer demand is easier for individual US states than

for the US as a whole and, therefore, the measured deviation from the benchmark PIH

model is smaller. However, lagged state-speci�c variables help predict state-speci�c

consumption suggesting that the PIH model still requires quali�cation.
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1 In tro duction

P ersonal consumption in the US amoun ts to sev en t y p ercen t of Gross Domestic Pro duct

and the mo deling of consumer b eha vior is still a c hallenge to the profession in spite of

m uc h serious researc h. Hall's (1978) v ersion of the P ermanen t Income Hyp othesis (PIH)

implies that curren t consumption is indep enden t of lagged disp osable income conditional

on lagged consumption. Micro evidence for this prop osition is mixed while macro evidence

o v erwhelmingly rejects it, resulting in an empirical st ylized fact|the excess sensitivit y of

consumption to lagged income; see Fla vin (1981) and Hall and Mishkin (1982); and Hansen,

Rob erds, and Sargen t (1991) for a thorough theoretical analysis.

Hall's mo del relies on a constan t rate of in terest; ho w ev er, when consumers in a fairly

closed econom y suc h as the US wish to increase the share of National Income dev oted to

consumption there is increased comp etition for scarce resources since aggregate consump-

tion cannot adjust immediately . F or example, it ma y tak e time for the US as a whole to

b orro w in ternationally or to increase the quan tit y of go o ds imp orted whic h creates up w ard

pressure on the US-wide in terest rate depressing the demand for consumption.

1
Hansen and

Singleton (1982, 1983) dev elop ed and tested the empirical implications of the PIH when

asset returns and, in particular, in terest rates are time-v arying and sto c hastic, but their

mo del failed to �t US macro economic time-series and the literature follo wing Hansen and

Singleton has not b een successful in impro ving the �t.

2
If measured in terest rates and asset

returns do not fully capture the closed-econom y constrain ts on aggregate consumption, w e

should indeed exp ect substan tial deviations from the b enc hmark PIH mo del in aggregate

data.

W e suggest a w a y around this problem. Individual US states can more easily b orro w

and lend in resp onse to c hanges in consumer demand so if the PIH mo del in part fails due

1See Michener (1984) and Christiano (1987).
2Tests of the PIH model with a time-varying but non-stochastic interest rate and macro-level time-series

also fail; see Mankiw (1981) and Shapiro (1984). Micro studies allowing for a time-varying (non-stochastic)

interest rate have been more successful; see Altonji and Siow (1987) and Mariger and Shaw (1993).
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to closed-econom y e�ects, w e ma y still exp ect the mo del to p erform w ell with idiosyncratic

(state-sp eci�c) consumption and income, as c hanges in state-sp eci�c consumption demand

aggregate to zero b y de�nition in an y giv en y ear.

T o corrob orate this conjecture empirically , w e examine implications of the PIH using

data on p ersonal disp osable income and consumption for US states and Canadian pro vinces.

Regional data at the sub-national lev el are m uc h underutilized for the study of consumer

b eha vior. Suc h data are su�cien tly aggregated to b e regarded as macro economic data, y et

exhibit considerable cross-sectional v ariation that can b e exploited in empirical analysis.

Endogeneit y of state-sp eci�c income is not lik ely to b e a ma jor problem and measuremen t

error is less serious than in micro data.

W e �nd that state-lev el consumption and disp osable income exhibit considerable excess

sensitivit y , similar to that found in aggregate US data. W e remo v e the aggregate US-

wide comp onen t in the data and �nd that state-sp eci�c consumption exhibits substan tially

less sensitivit y to lagged state-sp eci�c disp osable income. Similar results are obtained

for Canadian pro vinces. Th us, once aggregate income and consumption 
uctuations are

con trolled for, the deviation from PIH consumption b eha vior in macro economic data is

smaller.

Ho w ev er, ev en after remo ving the aggregate comp onen t in the data, lagged v ariables

help predict consumption gro wth suggesting that the PIH mo del still requires quali�cation.

2 Data

US state-level data. W e use ann ual data for 1963{95. Disp osable p ersonal income data

are from the Bureau of Economic Analysis (BEA). W e appro ximate state-lev el priv ate

non-durable consumption b y state-lev el retail sales of non-durable go o ds published in the

Surv ey of Buying P o w er in Sales Managemen t (after 1976, Sales & Mark eting Managemen t).

Retail sales are a somewhat noisy pro xy for state-lev el priv ate consumption (e.g. tra v el

exp enses are not included in retail sales) but, to our kno wledge, it is the b est a v ailable.
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The correlation b et w een ann ual p ercen tage incremen ts of aggregate US non-durable retail

sales and aggregate US non-durable priv ate consumption (in the NIP A data), b oth measured

in real (cpi de
ated) terms, is 0.68. W e transform the data series to p er capita terms using

p opulation data from the BEA. W e denote yit = Yit � Yt as state i's p erio d t idiosyncratic

(state-sp eci�c) disp osable log-income p er capita|for brevit y , \income"|where Yit is p erio d

t (total) income and Yt is p erio d t aggregate (US-wide) income.

It is widely accepted that US aggregate income series are non-stationary . By con trast,

the statistical prop erties of the idiosyncratic comp onen ts of US state-lev el data ha v e not

b een studied. Exploiting the panel structure of our data, w e p erform the Im, P esaran, and

Shin (1997) (IPS) test for a unit ro ot in yit . The n ull h yp othesis of non-stationarit y is not

rejected with 1, 2, and 3 lags (P-v alues of 0.13, 0.45, and 0.34 resp ectiv ely). The IPS test

is v alid for indep enden t observ ations and since the idiosyncratic comp onen ts of income are

unlik ely to b e fully indep enden t, the critical v alues of the test-statistics m ust b e tak en as

appro ximations. State-b y-state Augmen ted Dic k ey-F uller (ADF) tests reject the unit ro ot

n ull h yp othesis for only a few states at con v en tional signi�cance lev els. ADF tests pro vide

w eak evidence since they ha v e lo w p o w er for samples as short as ours, but along with

the IPS test they pro vide a reasonable guide to sp eci�cation. Ov erall, the idiosyncratic

comp onen t of US state-lev el disp osable income is w ell describ ed as an in tegrated pro cess.

W e de�ne idiosyncratic state-lev el p er capita log-consumption|for brevit y , \consumption"|

in the same manner: cit = Cit�Ct . The aggregate p er capita non-durable retail sales series,

Ct , is clearly non-stationary according to standard ADF tests. Using the IPS test, w e �nd

that the n ull h yp othesis of non-stationarit y is not rejected for a sp eci�cation with 1 lag

(P-v alue of 0.10) but is rejected with 2 and 3 lags (P-v alues of 0.01 and 0.02 resp ectiv ely).

State-b y-state ADF tests rarely reject the h yp othesis of non-stationarit y , so w e conclude

that the idiosyncratic comp onen t of consumption is b est regarded as non-stationary .

Most mo dels of consumption imply that consumption trac ks income in the long run.

An in terpretation is that the pro cess ( cit � yit ) is stationary; i.e., that consumption and

income are coin tegrated with a co e�cien t of unit y . W e test this h yp othesis using the IPS
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test, whic h consisten tly rejects the n ull of a unit ro ot for v arious lag lengths and whether a

drift term is allo w ed or not. W e, therefore, feel con�den t treating ( cit� yit ) as a stationary

pro cess. Since b oth yit and cit are non-stationary , w e carry out the empirical analysis using

�rst-di�erenced series.

W e estimated AR(2) mo dels for the income series and found the co e�cien ts of the t wice

lagged v ariables v ery small and t ypically insigni�can t. A test of the h yp othesis that the

AR(2) co e�cien ts are all zero pro vided no evidence against the n ull, so a simple AR(1)

mo del in log-di�erences seems appropriate. All regressions rep orted in this article are

estimated using feasible GLS allo wing for cross-correlations of the disturbances b et w een

states.

3
F or � Yit , the estimated a v erage of the AR(1) co e�cien ts is 0.16 with the absolute

v alue of the t-statistics a v eraging at 2.46. F or � yit; the a v erage of the AR(1) co e�cien ts is

0.05, and the a v erage for the absolute v alue of the t-statistics is 2.65. In b oth regressions,

the n ull h yp othesis that the AR(1) co e�cien ts are equal across US states is strongly rejected

with P-v alues of 0.00.

4

T o get a sense of the v ariation in the idiosyncratic series, w e displa y them in Figure 1 for

3We estimate an unrestricted variance-covariance matrix for the 50 states based on the residuals from an

initial panel data OLS estimation. Since we have less than 50 time-series observations for each state, this

estimated variance-covariance matrix is singular and in order to perform the second stage GLS estimation

we modi�ed the estimated variance-covariance matrix by decreasing the o�-diagonal elements by 10 percent

(this reduction is not done for the Canadian data). The estimated coeÆcients are very similar to those

obtained from OLS regressions. The estimated standard errors depend on the procedure used, but we

veri�ed empirically that the qualitative conclusions of the present paper hold even if covariances across

states are set equal to 0, as long as variances are allowed to di�er across states.
4We ran similar regressions including the lagged consumption/income ratio as an additional regressor.

The estimated coeÆcient on this variable is positive and signi�cant, and the estimated AR(1) and AR(2)

coeÆcients remain roughly the same. This type of regression was suggested by Cochrane (1994) in the

framework of a bivariate system to predict US aggregate income (GNP) and to identify the transitory

component in income. Our results are broadly similar to those obtained by Cochrane for the prediction

equation for income.
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three states.

5
W e also displa y the aggregate series for the US. The idiosyncratic non-durable

retail sales series sho w more v ariation than the idiosyncratic disp osable income series, with

a v erage standard deviations (across the 50 states) ��cit = 4 :19 and ��yit = 2 :31. F or the

series � Cit and � Yit , ��Cit
= 3 :12 and ��Yit

= 5 :01. These standard errors do not indicate

that measuremen t error in the idiosyncratic state-lev el series is larger than in the state-lev el

series.

Canadian province-level data. Data are a v ailable from the CANSIM database main tained

b y Statistics Canada. W e use ann ual data for 1961{96 for p ersonal disp osable income, non-

durable consumption (de�ned as the sum of non-durables, semi-durables, and services),

p opulation, and aggregate consumer prices. The statistical prop erties of the pro vince-lev el

income and consumption series are similar to their US state-lev el coun terparts. The IPS

test for a unit ro ot in yit rejects the n ull h yp othesis of non-stationarit y for an AR-mo del

with 1 lag, but not for mo dels with 2 or 3 lags (P-v alues of 0.00, 0.07, and 0.07, resp ectiv ely).

Pro vince-b y-pro vince ADF tests pro vide no evidence against unit ro ots in these series. F or

cit , the IPS test easily accepts non-stationarit y . AR(2) mo dels of � Yit and � yit are similar

to their US states coun terparts: the AR(2) co e�cien ts are t ypically v ery small, t ypically

insigni�can t, and join tly not di�eren t from zero. The a v erage AR(1) co e�cien t for � Yit is

0.14, while for � yit it is {0.08.

6
Since pro vince-lev el consumption is part of pro vince-lev el

\National Accoun ts," measuremen t error is lik ely to b e less sev ere than in the US state-lev el

retail sales data.

5We chose three states at random (states 10, 30, and 50 in alphabetical order).
6Including the lagged consumption/income ratio in these regressions results in somewhat smaller co-

eÆcients for lagged income and a positive signi�cant coeÆcient to the lagged consumption/income ratio.

In conjunction with the results found for US states this indicates that Cochrane's (1994) results are very

robust.
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3 Empirical Results

W e turn to our cen tral empirical question: is excess sensitivit y lo w er when aggregate 
uc-

tuations are con trolled for? T able 1 displa ys regressions of consumption gro wth on lagged

income gro wth with and without con trolling for aggregate 
uctuations. W e displa y the re-

sults from t w o sp eci�cations: one with t w o lags of income and one whic h further includes an

error correction term as in Co c hrane (1994); see fo otnote 4. In all the regressions w e include

state-�xed e�ects. (The results are not a�ected substan tially when these are omitted.)

The main empirical �nding is that when aggregate 
uctuations are con trolled for, the

co e�cien t of one-y ear lagged income is smaller. In the sp eci�cation with an error correction

term, the co e�cien t ev en drops to zero, and the co e�cien t of t w o-y ear lagged income is

also not signi�can tly di�eren t from zero.

The co e�cien t of the error correction term is negativ e and signi�can t suggesting that

this sp eci�cation captures imp ortan t dynamics in the data. The negativ e co e�cien t is

considerably larger and more strongly signi�can t when aggregate 
uctuations are con trolled

for. The high t-statistic asso ciated with this co e�cien t (esp ecially in the regression that

con trols for aggregate 
uctuations) implies that the lagged income/consumption ratio helps

forecast consumption gro wth con trary to the predictions of the PIH.

T able 2 displa ys analogous regressions for Canadian pro vinces. Again, when aggregate


uctuations are con trolled for, the co e�cien t of one-y ear lagged income is smaller. A similar

pattern also holds for the co e�cien t of t w o-y ear lagged income. The co e�cien t of the error

correction term is p ositiv e, unlik e for US states, but is smaller in magnitude (and not

signi�can t at the 5 p ercen t lev el) when aggregate 
uctuations are con trolled for.

Considering the US and Canadian results together, the lo w er sensitivit y of consump-

tion to lagged v ariables when aggregate v ariables are con trolled for app ears to b e a robust

st ylized fact. The impact of the lagged consumption/income ratio on curren t consumption

is not robustly estimated as its sign v aries b et w een the US and Canadian data. W e sus-

p ect that this ma y b e due to measuremen t error in the US retail sales data making these
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data unsuited as righ t-hand side v ariables. The lo w er sensitivit y of consumption to the

idiosyncratic comp onen t of lagged income is not lik ely to b e driv en b y higher measuremen t

error b ecause, as w as rep orted in Section 2 for the US data, the idiosyncratic income series

exhibit lo w v ariance compared to idiosyncratic consumption and o v erall income.

Further robustness checks. The �nding that the co e�cien t of one-y ear lagged income is

smaller when aggregate 
uctuations are con trolled for is extremely robust. W e tried out

sp eci�cations (not rep orted in tables) where w e con trol for aggregate 
uctuations b y in-

cluding time dumm y v ariables (time-�xed e�ects), rather than subtracting the aggregate

v ariables, in the regressions of � Cit on � Yi;t�1 or b y including aggregate consumption as

a regressor. W e ran the v arious sp eci�cations with only one lag, with t w o lags, with and

without an error correction term, and with and without state-�xed e�ects. In all cases,

w e obtained a m uc h lo w er excess sensitivit y co e�cien t compared to the co e�cien t in the

regression of � Cit on � Yi;t�1 without con trolling for aggregate 
uctuations. Including

lagged consumption in the prediction equations for consumption resulted in an insigni�-

can t co e�cien t to this v ariable for the US with little impact on the other regressors. A

p ositiv e signi�can t co e�cien t to lagged consumption w as found for Canada whether ag-

gregate v ariables w ere con trolled for or not. Ho w ev er, in ev ery sp eci�cation w e estimated

using Canadian data, the co e�cien ts to all lagged v ariables sho w ed a clear decline when

aggregate v ariables w ere con trolled for.

4 Discussion

Interpretation. Our preferred in terpretation relies on the \closedness" of the US econom y .

There are (at least) t w o w a ys of thinking ab out closedness. The �rst stresses frictions and

imp erfections in in ternational capital and credit mark ets rendering in ternational b orro wing

and lending di�cult and prev en ting rapid adjustmen t of aggregate consumption to US-wide

c hanges in consumption demand. By con trast, individual states are relativ ely op en in the

sense that they can more easily b orro w and lend among themselv es. Th us, the adjustmen t
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of state-sp eci�c consumption to c hanges in state-sp eci�c consumption demand should b e

faster.

An alternativ e manner of thinking ab out closedness is cen tered on the slo w adjustmen t of

US net imp orts in resp onse to 
uctuations in US consumption demand. In a fully in tegrated

and frictionless w orld, aggregate net imp orts w ould immediately increase in resp onse to

higher consumption demand. In realit y , it ma y tak e time to adjust aggregate imp orts

(not to sp eak of exp orts). F or example, an increased demand for T o y ota cars in the US

will t ypically b e re
ected in higher prices and less attractiv e �nancing opp ortunities since

adjustmen t of Japanese exp orts can not b e done instan taneously . By con trast, net imp orts

of a state within the US can adjust m uc h more rapidly . If, in some y ear, Massac h usetts

residen ts ha v e a large idiosyncratic demand for consumption, this demand ma y b e satis�ed

relativ ely quic kly b y mo ving go o ds from other states where idiosyncratic demand is lo w.

These economic mec hanisms ma y b e indep enden t or complemen tary (e.g., imp orts ad-

just slo wly because in ternational credit mark ets are imp erfect) and w e do not ha v e a mo del

or adequate data to disen tangle them. Our empirical results strongly suggest that suc h

mec hanisms are part of the explanation for the seeming deviation from optimal consumer

b eha vior in macro economic data.

Our empirical strategy allo ws us to circum v en t the problem of ho w to measure the pre-

v ailing equilibrium in terest rate. In practice, measured in terest rates are a�ected b y man y

factors suc h as monetary or �scal p olicy that are t ypically not incorp orated in theoretical

mo dels and in empirical analyses of consumption. Moreo v er, consumers are often unable

to obtain credit at p osted in terest rates. Our w ork a v oids directly addressing these (imp or-

tan t) issues and fo cuses on one k ey p oin t: con trolling for aggregate constrain ts impro v es

the empirical p erformance of the PIH. The results in T ables 1 and 2 indeed indicate that

doing so substan tially reduces excess sensitivit y , but do es not eliminate it. The remaining

excess sensitivit y ma y b e due to other frictions that ha v e b een extensiv ely researc hed.

Relation to tests of full risk sharing. Supp ose consumers can insure their consumption
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ex-an te, b efore sho c ks o ccur. (This assumption is clearly stronger than the assumption

underlying the PIH, namely that consumers only need to ha v e full access to a credit mark et

where they can b orro w and lend ex-p ost, after sho c ks o ccur.) Then, under commonly

used assumptions|symmetric information, no transaction costs, CRRA utilit y , iden tical

rate of time preference for all agen ts|full (P areto e�cien t) risk sharing within a group

implies that � Cit = � Ct; that is, the gro wth rate of eac h agen t's consumption and the

gro wth rate of aggregate consumption are the same. The cen tral empirical implication is

that an agen t's consumption gro wth should not dep end on an y idiosyncratic c haracteristic

of the agen t|in particular, income gro wth. Th us, con trolling for aggregate 
uctuations,

a regression of consumption gro wth on con temp oraneous or lagged income should yield a

co e�cien t of zero. This is the essence of the tests suggested b y Co c hrane (1991), Mace

(1991), and T o wnsend (1994); see also Obstfeld (1994). Asdrubali, S�rensen, and Y osha

(1996) and S�rensen and Y osha (1998) nested this test within a cross-sectional v ariance

decomp osition, applied to US states and OECD coun tries, resp ectiv ely . They measured

ho w m uc h risk sharing is ac hiev ed via di�eren t mec hanisms (e.g., p ortfolio div ersi�cation

or federal taxes and transfers) b y estimating a system of equations one of whic h is similar to

those estimated b y Co c hrane (1991), Mace (1991), and T o wnsend (1994). The regressions

displa y ed in T ables 1 and 2 constitute evidence that full risk sharing do es not hold across US

states or Canadian pro vinces|if it did, a regression of � cit on � yi;t�1 , or on ( ci;t�1�yi;t�1 ),

should yield a co e�cien t of zero.

7

7There are many explanations for lack of full risk sharing. Kocherlakota (1996), for example, stresses

limited enforceability and commitment, while others (e.g., Heaton and Lucas 1996 and Constantinides and

DuÆe 1996) study the conditions that ensure that the full risk sharing allocation is approximated (or even

achieved) among heterogeneous agents in the absence of insurance opportunities when only inter-temporal

smoothing is present.
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5 Concluding Remark

In our analysis, w e ignored p oten tial heterogeneit y in state-lev el patterns of income and

consumption. But the results rep orted in Section 2 indicate that the AR(1) pro cesses

for US state-lev el income are not iden tical. Exploratory analysis p oin ts to a p oten tially

in teresting regularit y: excess sensitivit y is larger the higher the p ersistence of income. W e

will not pursue this issue further in this pap er, but w e b eliev e that utilizing state-lev el

di�erences in order to sort through the man y mo dels of consumer b eha vior is a fruitful area

for researc h.
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T ABLE 1

Sensitivity of US State-Level Consumption to Lagged Income

Estimate t-statistic

Mo del: � Cit = �i + b1 � Yi;t�1 + b2 � Yi;t�2 + �it

b1 : 0.21 7.93

b2 : 0.06 2.43

Mo del: � Cit = �i + b1 � Yi;t�1 + b2 � Yi;t�2 + b3 ( Ci;t�1 � Yi;t�1 ) + �it

b1 : 0.19 6.69

b2 : 0.07 2.48

b3 : {0.09 {7.21

Mo del: � cit = �i + b1 � yi;t�1 + b2 � yi;t�2 + �it

b1 : 0.12 4.86

b2 : 0.07 2.78

Mo del: � cit = �i + b1 � yi;t�1 + b2 � yi;t�2 + b3 ( ci;t�1 � yi;t�1 ) + �it

b1 : 0.00 {0.14

b2 : {0.03 {1.16

b3 : {0.19 {12.68

Note. { � Yit is the p erio d t log-di�erence of state i's (total) p er capita disp osable income.

� yit = � Yit� � Yt is the p erio d t log-di�erence of state i's idiosyncratic (state-sp eci�c) p er

capita disp osable income, where � Yt is the p erio d t log-di�erence of aggregate (US-wide)

p er capita disp osable income. Similarly for the consumption series. State-lev el consumption

is pro xied b y non-durable retail sales. 2-stage GLS estimation where �rst stage is OLS and

second stage is GLS with co v ariance matrix IT 
 
 N , where IT is an iden tit y matrix with

dimension equal to the time-dimension of the sample and 
 N has t ypical elemen t

1

T
e0iej

where ei is the (�rst stage) v ector of residuals for state i. The o�-diagonal elemen ts,

1

T
e0iej

( i 6= j ), are reduced b y 10% to a v oid singularit y of the co v ariance matrix. Sample p erio d:

1965{95.



T ABLE 2

Sensitivity of Canadian Province-Level Consumption to Lagged Income

Estimate t-statistic

Mo del: � Cit = �i + b1 � Yi;t�1 + b2 � Yi;t�2 + �it

b1 : 0.11 4.49

b2 : 0.09 4.01

Mo del: � Cit = �i + b1 � Yi;t�1 + b2 � Yi;t�2 + b3 ( Ci;t�1 � Yi;t�1 ) + �it

b1 : 0.13 5.04

b2 : 0.10 4.54

b3 : 0.06 3.30

Mo del: � cit = �i + b1 � yi;t�1 + b2 � yi;t�2 + �it

b1 : 0.04 1.96

b2 : 0.03 1.67

Mo del: � cit = �i + b1 � yi;t�1 + b2 � yi;t�2 + b3 ( ci;t�1 � yi;t�1 ) + �it

b1 : 0.06 2.52

b2 : 0.04 2.10

b3 : 0.03 1.82

Note. { � Yit is the p erio d t log-di�erence of state i's (total) p er capita disp osable income.

� yit = � Yit� � Yt is the p erio d t log-di�erence of state i's idiosyncratic (state-sp eci�c) p er

capita disp osable income, where � Yt is the p erio d t log-di�erence of aggregate (US-wide)

p er capita disp osable income. Similarly for the consumption series. State-lev el consumption

is pro xied b y non-durable retail sales. 2-stage GLS estimation where �rst stage is OLS and

second stage is GLS with co v ariance matrix IT 
 
 N , where IT is an iden tit y matrix with

dimension equal to the time-dimension of the sample and 
 N has t ypical elemen t

1

T
e0iej

where ei is the (�rst stage) v ector of residuals for state i. Sample p erio d: 1963{96.


