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Abstract

This paper examines the sources of stickiness in aggregate consumption growth. We first derive
a dynamic consumption equation which nests recent developments in consumption theory: rule-
of-thumb consumption, habit formation, non-separabilities between both private consumption and
hours worked and private consumption and government consumption, intertemporal substitution
effects and precautionary savings. Next, we estimate this dynamic consumption equation for a panel
of 15 OECD countries over the period 1972-2007 taking into account endogeneity issues and error
cross-sectional dependence. To this end, we develop a generalised method of moments version of
the common correlated effects pooled estimator and demonstrate its small sample behaviour using
Monte Carlo simulations. The estimation results support the labour-consumption complementarity
hypothesis, the rule-of-thumb consumption model and the notion that precautionary savings matter
for the aggregate economy.
JEL Classification: C23, E21

Keywords: Sticky Consumption, Dynamic Panel, Cross-Sectional Dependence

1 Introduction

The permanent income hypothesis implies that aggregate private consumption follows a random walk
(Hall, 1978). Empirical studies show that this random walk hypothesis is not supported by the data since
aggregate consumption growth is predictable, at least to some extent. More sophisticated theoretical
models reconcile this stylized fact by introducing various forms of stickiness in aggregate consumption

growth. Relevant forms are habit formation (Campbell, 1998; Carroll et al., 2008), precautionary savings
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(Banks et al., 2001), intertemporal substitution effects in response to real interest rate changes (Campbell
and Mankiw, 1989), non-separabilities in the utility function between private consumption and govern-
ment consumption (Evans and Karras, 1998) and between private consumption and hours worked (Basu
and Kimball, 2002; Kiley, 2007) and rule-of-thumb consumption (Campbell and Mankiw, 1989, 1990,
1991). Empirically, the most robust finding is the positive impact of aggregate disposable income growth
on private consumption growth, which is in general obtained from models incorporating rule-of-thumb
consumption. This is the so-called excess sensitivity puzzle of aggregate private consumption. For the
other types of stickiness the empirical results are rather mixed. One drawback is that these studies typ-
ically focus only on a subset of possible forms of stickiness. Moreover, the empirical analysis is usually
restricted to a single country (mainly the US). Studies that present international evidence are Camp-
bell and Mankiw (1991) and Carroll et al. (2008). The disadvantage of these studies is that they use a
country-by-country approach. As a result, the additional information in the cross-sectional dimension of
the data is not fully exploited. Evans and Karras (1998) and Lopez et al. (2000) use panel data methods
but they do not tackle all the complications that arise when estimating aggregate consumption growth
equations with macroeconomic data. In particular, they disregard cross-sectional dependence that may
stem from the presence of unobserved variables that are common to all countries in the panel.

This paper examines the stickiness of aggregate private consumption growth in a panel of OECD
countries over the period 1972-2007. The contribution of the paper to the literature is both theoretical
and methodological. Theoretically we present a heterogeneous agent model with consumers who belong to
two possible types. Consumers who belong to the first type optimize intertemporally. They form habits
since their utility also depends on past consumption. They also have a precautionary savings motive
since the variance of their individual labour income affects their consumption decisions. They further
substitute consumption intertemporally when confronted with real interest rate changes. Finally, their
utility is affected by government consumption and also by the number of hours that they work. Consumers
who belong to the second type are rule-of-thumb consumers who consume their entire disposable income
in each period. After aggregation over a large population of consumers this model provides an expression
for aggregate consumption growth that can be estimated using macroeconomic data. The stickiness
factors incorporated in the model lead to the dependence of aggregate private consumption growth on
its own lag, on the disposable income to consumption ratio and its square, on the real interest rate,
on aggregate government consumption growth, on the growth rate in aggregate hours worked and on
aggregate disposable income growth and its lag. These stickiness factors constitute deviations from
perfect consumption smoothing as implied by Hall’s (1978) random walk hypothesis. Our specification

for aggregate consumption growth encompasses most of the recent developments in consumption theory.



And while our specification nests a number of specifications that have been estimated in the literature
previously, to the best of our knowledge, no study has yet estimated a specification as general as ours.

Methodologically we estimate the dynamic consumption equation derived in our theoretical model
for a panel of 15 OECD countries over the period 1972-2007, making full use of the panel structure
of the data. First, we exploit the cross-sectional dimension by pooling information over cross-sections.
Second, we exploit the cross-sectional dependence in the data. Standard panel estimators account for
unobserved, time-invariant heterogeneity by including individual effects. Recently, the panel literature has
emphasized unobserved, time-varying heterogeneity that may stem from omitted common variables that
have differential impacts on individual units (see e.g. Coakley et al., 2002; Phillips and Sul, 2003). These
latent common variables induce error cross-section dependence and may lead to inconsistent estimates if
they are correlated with the explanatory variables. Especially when studying macroeconomic data, such
unobserved global variables or shocks (e.g. an international business cycle, oil price shocks, ...) are
likely to be the rule rather than the exception (see e.g. Coakley et al., 2006; Westerlund, 2008). Rather
than treating the cross-section correlation as a nuisance, we exploit it to correct for a potential omitted
variables bias stemming from unobserved common factors. To this end, we use the common correlated
effects pooled (CCEP) estimator suggested by Pesaran (2006). The basic idea behind the CCEP estimator
is to capture the unobserved common factors by including cross-sectional averages of the dependent and
the explanatory variables as additional regressors in the model. Next, we suggest a generalised method of
moments (GMM) version of the CCEP estimator to account for endogeneity of the explanatory variables.
A small-scaled Monte Carlo simulation shows that in a dynamic panel data model with both endogeneity
and error cross-sectional dependence, this CCEP-GMM performs reasonably well for the modest sample
size T'= 35, N = 15 that is available for our empirical analysis, especially when compared to alternative
estimators.

The estimation results support the labour-consumption complementarity hypothesis, the rule-of-
thumb consumption model and the notion that precautionary savings matter for the aggregate economy.
We find little or no support for habit formation, non-separabilities between private consumption and
government consumption and intertemporal substitution effects. Taking into account endogeneity and
cross-sectional dependence proves to be important as it has a marked effect on the coefficient estimates.

The paper is structured as follows. In section 2 we derive a dynamic equation for aggregate private
consumption growth from a model that encompasses most of the recent developments in the consumption
literature. In section 3 we review the different estimators that can be used to estimate this equation in
a panel of OECD countries and investigate their small sample properties in a Monte Carlo experiment.

Section 4 presents the results from the estimation of the consumption growth equation with the different



panel data estimators. Section 5 concludes.

2 The model

Consider a heterogeneous agent economy with two consumer types (see Campbell and Mankiw, 1989,
1990, 1991). Type 1 are intertemporally optimizing consumers, described in section 2.2, while type 2
are rule-of-thumb consumers, described in section 2.3. Consumers within each type are heterogeneous in
the sense that they experience different shocks to labour income and that they work different amounts
of hours. Consumption in the model is driven by three exogenous but potentially correlated stochastic
processes: individual labour income, individual hours worked, and aggregate government consumption.
Only the process for individual labour income is explicitly specified in section 2.1. Consumption is also
driven by the exogenous economy-wide interest rate which is time-varying but not stochastic. In the
remainder, upper case variables are aggregate economy-wide while lower case variables are individual
consumer-specific, i.e. they take on different values for each consumer both within and across consumer

types.

2.1 Individual labour income

Individual log labour income of each consumer in the economy (belonging to either type 1 or type 2) is

exogenous and is assumed to follow a random walk process

Yt = Yt—1¢t, (1)
Iny; =Iny;1 +1Iney, (2)
with
Et—l In &t = O, (3)
and Vioilne, = of, .. (4)

From this we can approximate the conditional mean and variance of the error term ¢; as F;_1e; = z with
z~1+ %0]2115 >1and Vi_16; = 012“. We refer to Appendix A.1 for the derivation.
2.2 Type 1: intertemporally optimizing consumers

Consumers belonging to type 1 are intertemporally optimizing consumers who accumulate and decumulate

wealth. Let w; denote individual resources in period ¢, defined as individual assets augmented with interest



on these assets plus individual labour income, i.e. w; = (1+ R;)a;—1 +y: where a;—1 are individual assets
at the end of period ¢t — 1 and where R; is the exogenous economy-wide time-varying but risk-free interest

rate (see e.g. Deaton, 1991). The law of motion for w; is then given by
wy = (14 Ry)(wi—1 — ci—1) + Yt (5)

where use is made of the budget constraint which implies that a;—1 = wy;—1 —c¢;—1, with ¢;_1 denoting the
consumption level of an individual consumer at time ¢ — 1. Note from this equation that the anticipated
part of resources equals W; = Fy_jw; = (1 4+ R¢)(wi—1 — ¢t—1) + yr—12. This is obtained by noting that
Ei 1yt = ys—1E¢_164 = yi—12. The shock to resources then equals wy — Ey_jwy = wy — Wy = Yyt — Ye—12 =
Yi—1(ee — 2) = me with Ey_yny = 0 and Vi, = y7Viei(er — 2) = 47 Vie160 = 47101,

The contemporaneous utility function of an individual consumer who belongs to type 1 and who

decides on consumption c¢; is given by

_ B
1-0 ¢

1-6
1
U(Ct) — [ Ct ‘| e’ylnhteﬂlnGt7 (6)

where h; is the exogenous stochastic number of hours worked of this individual, G; denotes exogenous
stochastic aggregate government consumption, § > 0 is the coefficient of relative risk aversion, g > 0
is the habit parameter (Campbell, 1998), and v and 7 capture respectively the impact of hours worked
(Campbell and Mankiw, 1990) and government consumption (Evans and Karras, 1998) on the marginal
utility of private consumption. This is a utility function of the King-Plosser-Rebelo type as used e.g. by
Basu and Kimball (2002, p.5). When v > 0 (< 0) hours worked and private consumption are complements
(substitutes). When 7 > 0 (< 0) government consumption and private consumption are complements
(substitutes). Note that v > 0 and 7 < 0 does not imply that hours worked increase and government
consumption decrease total utility of consumption since a function ¢(hs, G¢) could be added to the utility
function (with ¢, < 0 and ¢g > 0) without changing the first-order condition.

The first-order condition of an individual consumer belonging to type 1 is given by

W (cio1) = (1 + Rt) Byl (e),

1+0

where 0 < 6 < 1 is the rate of time preference. Following Banks et al. (2001) we assume that optimal

consumption ¢; is approximately proportional to resources wy, i.e. ¢; = aw;. Substituting eq.(6) into the



first-order condition gives

—B(6-1)

_ 1+R

o] ol eynhi-1grinGeoy + o By (f(we,Inhy, InGy)) (7)
Ct—2 146

where f(wg,Inhy,InGy) = (qw,)~fernheerinGe,

We derive an expression for f(wy,Inh;,InGy) in the proximity of certainty, i.e. in the situation
where the shocks to the exogenous stochastic driving processes of the model (individual labour income,
individual hours worked, aggregate government consumption) equal zero. In particular, as in Banks
et al. (2001), we take a second-order Taylor approximation of f(w;,Inhs,InGy) = (qw,;) e M eemnGe
around ¢; = aw; = aw; (where the last step follows from setting n; = 0), around Inh; = Inh; (where

Inh; = E;_1Inh;), and around InG; = InG; (where InG; = E;_; InG;). We refer to Appendix A.2 for

the derivation. After taking expectations at time ¢ — 1 of the approximation for f(wy,Inh, InGt) we

obtain
Ei1 (f(wg,Inh, InGy)) = {(a@t)_eevm‘e”m‘] Di—1, (8)
where
1 yeo1)’ 1 1
t7
Pt—1 = 1 + 50129(1 + 9) (Oé’LUt> 012n5 + 572012nh + 57(-2012[16' (9)

Yt—1 Yt—1
7049'7 — | Oclnh — afn — OclnG + YTOImhInG,
QW QW

with lene as defined in eq.(4), with J?nh = E;_1(Inhy — Inhy)?, with lenG = E;_1(InG; — InGy)?, with
Oetnh = Fiq [(at —z)(Inhy —ﬂt)], with ooing = Fi_1 [(Et — 2)(In Gy —Rtﬂ, and with olnamg =
E,_ [(ln hi —Inhy)(In Gy — @t)] .

Substituting eq.(8) into eq.(7) and solving for ¢;—; gives

B(1-8)

1
1+R\ 7, | 2o _m Ct—1 0 -1
Ciq1 = < (awt)e g Et—1AlIn hte FE: 1AInGy [ i1 ptfgl' (10)

1+56 Ct—2

Now we divide ¢; = aw; by ¢;—1 as given in eq.(10) to obtain

1 BO—1)
Ct Mt L+ Re\® 25 Alnh, 2B, 1AlnG, [ Ct—1 ’ 3
=1(1 L o t—1 togit—1 t 0 11
Ct—1 ( + wt> ( 1 + 5 ) € € Ct—2 pt_h ( )
where we use the result that % =1+ %
Taking logs of both sides of eq.(11) we obtain
1) 0—1 1 1

Amq:f@+éLflAqu+%Amm+gAmQ+§&+§mm4+¢h (12)



where we use the approximation In(1 + z) ~ 2 and where ¢y = £ — 7 (Alnh; — E;,_1Alnh;) —
7(AInGy — E;_1AInGy). Note that Ey_1¢; = 0.

Note that from eq.(9) we can write

2
Inp;_1 = ko+ k1 (yt_l) + ko (%—1) , (13)

Ct—1 Ct—1

where again we use the approximation In(1 + z) ~ z, where we replace aw; by ¢;—1 (see Banks et al.,
2001), where ko = %72012nh + %WQJEDG + YTOmhinG, Where k1 = —af(y0cinn + T0cina) and where
ke = £020 (1+6) of ..

Substituting eq.(13) into eq.(12) gives the growth rate of consumption of an individual consumer

belonging to type 1,

Alne; = <k00—5)+5(99—1)

1 kv (Y1 ko (yi—1 2
+9Rt+ 0 (Ct1>+ 7 (Ctl + 1.

2.3 Type 2: rule-of-thumb consumers

Alnci_q +%A1nht+%AlnGt (14)

Consumers belonging to type 2 are rule-of-thumb consumers who consume their entire disposable labour
income in each period due to for instance myopia (see Flavin, 1985) or liquidity constraints (see Jappelli
and Pagano, 1989; Campbell and Mankiw, 1990). Hence they do not accumulate or decumulate wealth.
For these consumers ¢; = y; for all ¢t. Hence, the growth rate of consumption of an individual consumer
belonging to type 2 is given by,

Alne; = Alny,. (15)

2.4 Aggregate consumption growth

The growth rate of total consumption of type 1 consumers is calculated by summing eq.(14) over all type

1 consumers. We obtain,

(ko{;ﬁs) + WAlnClyt,l =+ %A]nHLt + %AIHGt

AlnC’1 t — 2
’ 1 ki (Yit—1 ko (Yi,t-1
+§Rt+7 (01,171) +7 (Cl,t—l) + Wy

; (16)

where C ; denotes total consumption of type 1 consumers', H;; denotes total hours worked by type 1
consumers, Y7 ; denotes total labour income earned by type 1 consumers, ¥, = [ ¢,dl'; is the aggregate

innovation where I'; is the measure of consumers over their state variables (see Gourinchas and Parker,

INote that C1,t is a sum not an average.



2001). For the aggregate innovation we have F; ¥, = 0.2
The growth rate of total consumption of type 2 consumers is calculated by summing eq.(15) over all
type 2 consumers. We obtain,

AIHCQ)t = AIHY272§, (17)

where C5 ; denotes total consumption of type 2 consumers®, and Ya; denotes total labour income earned
by type 2 consumers.

Following Campbell and Mankiw (1990) in Appendix A.3 we replace the growth rate of labour income
of type 2 consumers AlnY2, by (1 — A)AlnY; where A is the fraction of labour income in the economy
accruing to type 1 consumers with 0 < A < 1. The growth rate of total consumption C; in the economy

is then given by

Aln(Cy) = Aln(C1y) + (1 — M)A In(Yy). (18)
From this note that
Aln(C14) = Aln(Cy) — (1 = M)A In(Yy), (19)
and that
AIH(OLt_l) = Aln(C’t_l) - (1 - /\)Aln(Yt_l) (20)

In Appendix A.4 we calculate approximations for (Y3 ;—1/C1+—1) and (Y1 ¢-1/C1+-1)?, namely
(Vi4-1/Cri—1) = 1= A"+ X 1Y, /Ci), (21)

and

(Yi1/Cric1)? =1 = A 4+ A (YL /Ciy)?. (22)

We then assume that the growth rate in total hours worked for consumers of type 1 is proportional to
the growth rate of hours worked in the entire economy where the factor of proportionality equals A\. Hence

hours worked are allocated to both consumer types in the same proportion as labour income. Hence,
AlnHl,t = )\Atht (23)

where H; denotes total hours worked in the economy.

By substituting eqgs.(19),(20),(21), (22), and (23) into (16) , we obtain an expression for the growth

2 2
2Note that in the aggregation we assume that [ Z:—:idl“t,l ~~ (%) and [ (%) dli_1 ~ (%) .

3Note that Cy,¢ is a sum not an average.



rate in total consumption

AInCy = ap+a1AlnCi_q1 +asAln Hy + asAIn Gy + ay Ry (24)

_ Vi)
+a5< ! 1)+a6 <Ct 1) +arAnY: +agAlnY; g 4 Uy,
t—1

where ag = (k(’;‘;) —1—%(1—)\’1)—4—%(1—)\*1), a; = 7@(9071)’ as = \ (%), as=T, a3 =131 a5=X""1 (%),

5B
S

ag = A1 (%), ar=(1-=X),ag=—(1-X) (@) and where F,_1¥; = 0.

It is straightforward to show that when A\ = 1 (i.e. when all labour income is earned by type 1
optimizing consumers) then eq.(24) collapses to eq.(16). In Appendix A.5 we further show that for values
of A approaching 0 (i.e. when all labour income is earned by type 2 rule-of-thumb consumers) eq.(24)

collapses to AlnCy = AlnY, ie. limy_gAInC; = AlnY;.

Our consumption equation (24) nests most of the recent developments in consumption theory. The
parameter a; > 0 reflects habit formation. It is determined by the structural parameter capturing habits,
i.e. B8 > 0. Non-zero values for as and as reflect non-separabilities between private consumption and
hours worked and private consumption and government consumption respectively. These parameters are
determined by the structural parameters v respectively . The parameter ay > 0 reflects intertemporal
substitution effects in consumption caused by interest rate changes. It is determined by the structural
parameter 1/6, i.e. the inverse of the coefficient of relative risk aversion # > 0. The parameter ag >
0 reflects the impact of precautionary savings on aggregate consumption growth. It depends on the
structural parameters 6 (the coefficient of relative risk aversion which also reflects the degree of prudence)
and o _ (the variance of shocks to individual labour income).* The parameter a7 (0 < a7 < 1) reflects
rule-of-thumb consumption (liquidity constraints, myopia). It depends on the structural parameter A
(where 0 < A < 1). The parameter ag (ag < 0) reflects the need for an additional term AlnY; ; in
the equation to correct the for the fact that only consumers belonging to type 1 form habits. Finally,
the coefficient a5 depends on the non-separabilities between private consumption and hours worked and
private consumption and government consumption, on the correlation between the labour income shocks

and shocks to hours worked, and on the correlation between the labour income shocks and shocks in

4The importance of this variance for aggregate consumption growth shows why the use of a representative agent model
would be inappropriate if we want to take the possibility of a precautionary savings effect at the aggregate level seriously.
In a representative agent model the parameter afn . would be the variance of aggregate labour income shocks. This variance
is very small so that in a representative agent model we would a priori impose ag =~ 0, i.e. the variance would be too
small to explain aggregate consumption growth (see Gourinchas and Parker, 2001). To see this note that the impact of
precautionary savings on aggregate consumption growth in eq.(24) is captured by )\’1}%2 = )\’1%042(1 + H)UIQHE. If all
consumers are of type 1 (A = 1) then under plausible values for risk aversion (0.5 < 6 < 5) precautionary savings motives
are irrelevant if (712115 denotes the variance of shocks to aggregate labour income (e.g. in annual US data we find that this
variance is a mere 0.0001). If; as is the case in our model, afns denotes the variance of shocks to consumer-specific labour
income then it will be much larger (e.g. about 100 times larger in annual US data) and the impact of precautionary savings
on aggregate consumption growth will be non-negligible.



aggregate government consumption. It has little intuitive appeal. Note that some of the coefficients in
eq.(24) could be given other interpretations. A positive coefficient a; on lagged aggregate consumption
growth could also be the result of the presence of consumers who are inattentive to macro developments
(see Carroll et al., 2008). Further, a positive coefficient a7 on current aggregate labour income growth
could also be the result of consumers who are imperfectly informed about the aggregate economy (see
Goodfriend, 1992; Pischke, 1995).5

To the best of our knowledge no study has yet estimated a specification as general as ours. The
equation nests however a number of specifications that have been estimated in the literature previously.
Campbell and Mankiw (1990) conduct regressions on a version of eq.(24) with restrictions a1 = a5 = ag =
as = 0 (with AlnY always included and either Aln H, AlnG, or R added as an additional regressor).
Evans and Karras (1998) estimate a version of eq.(24) with restrictions a; = as = a4 = a5 =ag =ag =0
(with AlnY and Aln G included). Basu and Kimball (2002) estimate a version of eq.(24) with restrictions
ay = a3 =as = ag = ag = 0 (with AlnH, AlnY, and R included). Kiley (2007) estimates a version
of eq.(24) with restrictions ag = a5 = ag = ag = 0 (with AlnH, AlnY, AlnC;_1, and R included).
Carroll et al. (2008) estimate a version of eq.(24) with restrictions as = a3 = a4 = a5 = ag = ag = 0
(with AInCy—; and AlnY included). They also add the lagged aggregate wealth level of households
in an ad hoc way to their equation. This serves as a proxy for both intertemporal substitution effects
and precautionary savings effects which in our equation are captured through the variables R and (%)2
respectively and which we obtain as an outcome of optimization.b

The error term p; is assumed to be unpredictable based on lagged information. Three features that
are not incorporated in the model could lead to a violation of this assumption and to the occurrence of
autocorrelation of the moving average form in the error term p;. First, Campbell and Mankiw (1990) note
that transitory consumption and measurement error could lead to an M A(1) structure of the error term,
i.e. a negative M A(1) coefficient. Second, Working (1960) shows that if consumption decisions are more
frequent than observed data then an M A(1) component could be present in consumption growth, i.e. a
positive M A(1) coefficient.” Third, if durable consumption components are present in C; this induces
negative autocorrelation in A In C; since durable consumption growth is slightly negatively autocorrelated

(see Mankiw, 1982). This negative autocorrelation could be reflected in less positive values for a; or in

50n the basis of macro data alone - on which the empirical analysis of this paper is based - it is not possible to distinguish
the interpretations derived from the model from these alternative possibilities.

2
SWith respect to precautionary savings note that the factor (%) implies that it is the variance of income shocks ‘712n5

relative to resources (here proxied by C) that determines the strength of the precautionary savings motive. The lower
resources (and therefore consumption) compared to income, the larger the precautionary savings effect, i.e. precaution
matters more if wealth is low.

TWith habit formation this amounts to an M A(2) process but as noted by Carroll et al. (2008) the M A(2) coefficient is
generally small.

10



a more negative M A(1) coefficient in the error term.

3 Econometric methodology

The model for aggregate consumption growth given in eq.(24) can be written in the form of a first-order

autoregressive panel data model
yit:ai+pyi7t_1 +ﬂ'mit+,uit, i:1,2,...,N, t:2,...T, (25)

/. . . Yit—
where yy = AlnCy, x4 = (2}, xh;) is a vector of explanatory variables with x1;; = ((7th 11),

/
(%)2 ,Aln Yi,t_1> and xo = (AlnHy, AlnGyy, Ry, Aln }Qt)/. Unobserved time-invariant hetero-
geneity is captured by the individual effect «.

The cases of cross-sectional independence and cross-sectional dependence in the error terms pu;; are
considered separately in the sections 3.1 and 3.2. Given that the WG transformation suggested in section
3.1 requires T — oo and the CCEP estimator suggested in section 3.2 requires N,T — oo jointly,
section 3.3 reports the results of a small Monte Carlo experiment which evaluates the performance of the

suggested estimators for the limited sample of T'= 35 and N = 15 that is available to us for the empirical

analysis in section 4.

3.1 Model with cross-sectional independence

As noted in section 2.4, there are various reasons that could lead to the occurrence of autocorrelation of
the M A form in the error term of eq.(24). Therefore, we allow p;; in the empirical model in eq.(25) to

follow an M A(q) process
it = ¢ (L) €it, (26)

where ¢ (L) =1+ ¢1 L+ ...+ ¢,L7 is a lag polynomial of order ¢ and e is an idiosyncratic error term

satisfying the following error condition.
Assumption A1l (Error condition)

(a) E(e;) =0 for all i and t;

(b) E (enejs) =0 for either i # j, ort # s, or both;

(¢) E (eipaj) =0 for all i, j and t.

11



Al(a) and Al(b) state that e;; is a mean zero error process which is mutually uncorrelated over time
and over cross sections. A1(c) states that the individual effects are exogenous.

With respect to the explanatory variables we make the following assumptions.
Assumption A2 (Ezplanatory variables)
(a) E(x1ji€:5) =0 for all i, j, t and s > t;
(b) E(z9ji€i5) =0 for all i, j, t and s > t;
(¢) E (a;z;) = unknown for all i and t.

A2(a) states that the variables in x1;; are predetermined while A2(b) allows the variables in 25 to
be endogenous. A2(c) allows the explanatory variables to be correlated with «;.

In the remainder of this section we outline our approach to estimate the panel model in equations
(25)-(26) under A1 and A2. We start by arguing that, given the moderately large T dimension of our
panel dataset (see section 4), the WG transformation is valid to eliminate the individual effects a;. Next,
we set up a GMM version of the standard WG estimators to take into account the possible M A(q)

structure of u;; and the endogeneity of zo;¢.

3.1.1 WG estimator

The standard within-groups (WG) estimator eliminates the individual effects «; by transforming the

model in (25) into deviations from individual means
Uit = pYit—1 + B'Tir + i, (27)

where Uiy =y — ¥; with g, = T1 Ele y;+ and similarly for the other variables.

Even when abstracting from the M A(q) structure of p;; and from the endogeneity of o, the least
squares (LS) estimation of equation (27) yields inconsistent estimates for N — oo as the within trans-
formed lagged dependent variable y; +—1 is correlated with the within transformed error term fi;;. However,
this dynamic panel data bias disappears for T — oo (see e.g. Nickell, 1981) as 7Elim f;; = 0 such that

—o0
it 2, wit. More specifically, the Monte Carlo experiments in Judson and Owen (1999) show that the bias
sharply decays when the time horizon exceeds 20 periods, with the bias being negligible when T is 30.
Given that our dataset covers the period 1972-2007, we therefore use the WG instead of the first-difference
transformation to eliminate the individual effects as first-difference and even system GMM estimators

have a relatively large standard error (see e.g. Arellano and Bond, 1991; Kiviet, 1995) and may suffer

from a serious weak instruments problem (see e.g. Blundell and Bond, 1998; Bun and Windmeijer, 2007).
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3.1.2 WG-GMM estimator

Even as T' — oo, the WG estimator is inconsistent, though, as A2 states that the variables in xo; are
endogenous while the M A(q) structure of u;; in equation (26) implies that the predetermined variables
in x1; are also correlated with u;;. Therefore, we estimate (27) using IV methods. More specifically,

provided T is sufficiently large, such that fi;; = pi, valid WG orthogonality conditions® are

E (Yi—itit) =0 foreach t=1+1,...,Tand !> q¢g+1, (28a)
E(Z1i4—iftie) =0 foreach t=1+1,...,T and !> g, (28b)
E (Zoip—iftir) =0 foreach t=1+1,...,Tandl>qg+1. (28¢)

Note that the number of moment conditions suggested in (28a)-(28¢c) increases dramatically in T
as they are valid for each ¢ and [. For the moderately large T' panel we have in mind, this results in
a problem of too many instruments. This instrument proliferation may cause small sample problems
like (i) coeflicient estimates that are biased towards those of non-instrumenting estimators because of
overfitting of the endogenous variables, (ii) imprecise estimates of the optimal weighting matrix, (iii) a
downward bias of the two-step standard errors and (iv) a weak Hansen test on instrument validity (see
among others Tauchen, 1986; Ziliak, 1997; Roodman, 2009). Therefore we reduce the instrument count
using two techniques described in Roodman (2009) and applied by, among others, Pozzi and Malengier
(2007). First, we do not exploit all the available linear orthogonality conditions but truncate the set of
available instruments at the first L available lags rather than using all available lags. This results in the

following reduced set of moment conditions

E (Yit—ipiit) =0 foreach ¢+1<I1<L+gq, (29a)
E (T1i4—ipit) =0 foreach ¢<I<L+gq-1, (29Db)
E (ZToi4—itiy) =0 foreach ¢+1<I<L+4q. (29c¢)

Second, we further limit the number of moment conditions by taking linear combinations. More specif-
ically, we combine all moment conditions for a given instrument lag distance by summing them over T
This new set of moment conditions embodies the same belief about orthogonality of the instruments and
the errors but differs in that we ask the GMM estimator to minimize the magnitude of the empirical
moments » . > . Yi i for each I rather that >, y; s—yu; for each t and [ separately. As such, each

lag distance produces a single instrument for each variable. As in Holtz-Eakin et al. (1988) we avoid the

8See for instance Meghir and Pistaferri (2004) for an application of the WG-GMM estimator
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trade-off between instrument lag depth and sample depth by zeroing out missing observations of lags.

3.2 Model with cross-sectional dependence

Following the recent panel literature, we extend the error process in equation (26) to allow for a multi-

factor structure

pit = i ft + ¢ (L) i, (30)

in which f; is an m x 1 vector of unobserved common variables and ¢;; satisfies A1. This error structure
is quite general as it allows for an unknown (but fixed) number of unobserved common components with
heterogeneous factor loadings (heterogeneous cross-sectional dependence). As such, it nests common time

effects or time dummies (homogeneous cross-sectional dependence) as a special case.

Assumption A3 (Cross-sectional dependence)
(a) The unobserved factors fi can follow general covariance stationary processes;
(b) E(figis) =0 for all i, t and s;

(¢) E (fixis) = unknown for all i, t and s.

A3 states that the unobserved factors in f; are exogenous but is quite general as it allows f; to exhibit
rich dynamics and to be correlated with z;;. As A1 states that e;; is uncorrelated over cross sections,
any dependence across countries is restricted to the common factors.

The most obvious implication of ignoring error cross-sectional dependence is that it increases the
variation of standard panel data estimators. Phillips and Sul (2003) for instance show that if there is
high cross-sectional correlation there may not be much to gain from pooling the data. However, cross-
sectional dependence can also introduce a bias and even result in inconsistent estimates. For a static
panel data model, the Monte Carlo simulations in Pesaran (2006) reveal that the WG estimator ignoring
the error component structure proposed in (30) is seriously biased. Essentially, as the unobserved factors
are allowed to be correlated with the explanatory variables (see A3), this is an omitted variables bias
which does not disappear as T — 0o, N — 0o or both. So the naive WG estimator is biased and even
inconsistent in this case. Second, Phillips and Sul (2007) show that in a dynamic panel data model,

cross-sectional dependence introduces additional small sample bias.
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3.2.1 CCEP estimator

Pesaran (2006) proposes to eliminate the error cross-sectional dependence by projecting out the factors

f+ using the cross-sectional averages of y;;, ¥;+—1 and ;. For a model with a single factor?, inserting
(30) in (25) and taking cross-sectional averages yields

Uy =+ pG_q + BT +7fi + ¢ (L) &, (31)
where 77, = N~! leil yi+ and similarly for the other variables. Solving (31) for f;
1

ft= 5 (yt —a—py_ — BT — ¢ (L)

gt) )

and inserting (32) in (25) with error structure (30) yields

(32)

Yit = & + pYi—1 + 0 wi + % (Y, —a— pyp_y — BT — ¢ (L)) + & (L) e,

_ o+ / - - /= +
=, + pyis—1 + B'Ti + ey + 25y 1 + 5Ty + (L) €5,
with af = a; — L@, ¢, = L. ¢

i 7 ~ “ 1z 5 21

i .
P, C3i

(33)

1Y ot
-3 5 Eit = it —

. %Et.
The CCEP estimator proposed by Pesaran (2006) is the WG

estimator applied to the augmented
regression in (33). As A1l implies that }\;lim g, = 0, the error made when approximating f; by v, ¥,_;
—00
and T, in (32) becomes negligible for N — oo such that €;; — &; in (33). This is the basic result in
Pesaran (2006) that the inclusion of cross-sectional averages asymptotically eliminates the error cross-
sectional dependence induced by the unobserved common factors. As such, for N — oo (33) is a standard
dynamic panel data model with individual effects and cross-sectional independent error terms. Similarly
to the WG estimator outlined in section 3.1.1, the CCEP estimator therefore exhibits a dynamic panel
data bias for fixed T', which disappears for T — oco. Conditional on x;; being predetermined or exogenous

and ¢ (L) = 1, this implies that consistency of the CCEP estimator in a dynamic panel data model

the next section.

requires both N and T — oo. However, endogeneity of xo;; and M A(q) errors u;; imply that the CCEP
estimator is inconsistent even for both N and T' — oo. Therefore, we estimate (33) using IV methods in

3.2.2 CCEP-GMM estimator

For notational convenience, note that the CCEP estimator can also be obtained as the pooled OLS
estimator after projecting out the individual effects and the cross-sectional means from the model in

9Multiple factors can be treated in the same way (see Phillips and Sul, 2007), and yield the same (unrestricted) model
as the one presented in (33) below, but are not presented here for notational convenience.
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(25), i.e.

Vit = pPit—1 + B Tir + flit, (34)

where ¢;; is the residual from a country-by-country regression of y;; on a constant, y,, ¥,_; and =; and

similarly for the other variables. Letting both N and T — oo we have that ji;; x, ¢ (L) eix where N — oo

is required for the elimination of the country-specific effects of the unobserved common factors using the

cross-sectional averages and T' — oo is required to avoid correlation between within transformed variables
10

and errors™”.

Provided both N and T are sufficiently large, such that ji;; 2> ¢ (L) &4, valid moment conditions are

E (Yit—sitit) =0 foreach g+1<s<L+gq, (35a)
E(Z1i4-sfti) =0 foreach ¢<s<L+¢g-1, (35Db)
E (Z9i1—sftir) =0 foreach ¢+1<s<L+gq. (35¢)

where in line with the discussion in section 3.1.2 we only use a reduced set of instruments as we have
truncated the set of available instruments at the first L available lags and combine all moment conditions

for a given instrument lag distance by summing them over T .

3.3 Monte Carlo simulation

This section provides Monte Carlo evidence on the small sample properties of the WG, WG-GMM, CCEP
and CCEP-GMM estimators under both cross-sectional dependence and endogeneity. Although we are
mainly interested in the setting 7' = 35 and N = 15, we also present results for a range of alternative

sample sizes to illustrate the more general properties of the estimators.

3.3.1 Experimental design

The data generating process is given by

Yit = O + pYi—1 + BTi + it Wit = Yife + €its (36)
Ty = 0501 4+ Ao fe + peir + Vi, (37)
fe=Tfi—1+ (38)

10Note that in (34) the individual effects have been removed using a within transformation as the inclusion of a country
specific constant in the construction of the de-factored variables implies that, as in (27), these variables are all transformed
into deviations from individual means.
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where in each replication «;, 4, v; and 1 are all drawn from ¢.i.d.N (0, 1).11 The model for the
individual specific regressors in equation (37) is fairly general as they are allowed to be correlated with
the unobserved factors (i.e. A; # 0) and to be endogenous (i.e. ¢ # 0).

We fix p =0.25, 3 =1, § = 0.5 and 7 = 0.5'2 and conduct three different experiments:
e Experiment 1: no cross-sectional dependence (v; = A; = 0) and no endogeneity (¢ = 0)

e Experiment 2: cross-sectional dependence (v; ~ 4.i.d.U (1,4) and \; ~ i.i.d.U (1,4)) and no endo-

geneity (¢ = 0)

e Experiment 3: cross-sectional dependence (v; ~ i.i.d.U (1,4) and \; ~ i.i.d.U (1,4)) and endogene-

ity (¢ =0.5)

The initial value of y;; is set equal to zero and the first 50 observations are discarded before choosing
our sample. Each experiment was replicated 2000 times for the (T, N) pairs with T' = 20, 35,50 and

N =15,50. The GMM estimators are one-step estimators using y; ;—1 and z;;—1 as instruments.

3.3.2 Results

Table B-1 in Appendix B reports mean bias (bias), estimated standard deviation (stde), standard de-
viation (stdv) and root mean squared error (rmse) in estimating p and §. The first experiment is a
standard dynamic panel data model with no cross-sectional dependence and no endogeneity. In line with
the results in Judson and Owen (1999), the bias of the WG estimator is negligibly small for T = 35.
The CCEP only has a slightly higher bias and dispersion. As can be expected, the GMM estimators are
relatively more biased and have a larger dispersion but are consistent for 7' — oo. The second experiment
adds cross-sectional dependence, with the unobserved factor being correlated with x;;. Both the WG and
the WG-GMM estimator now exhibit a considerable omitted variable bias which does not disappear as
T — oo, N — oo or both. Moreover the stde considerably underestimates the true stdv. The CCEP
estimator is now preferred with the bias being negligibly small for T = 35. Again, the CCEP-GMM
estimator is relatively more biased and has a larger dispersion for small values of T but is consistent for
T — oo. Estimated standard deviations are fairly accurate for both estimators. The third experiment
adds endogeneity. This implies that also the CCEP is inconsistent. The CCEP-GMM estimator is bi-
ased for small values of T" but this bias disappears as T' — oo. Estimated standard deviations are fairly

accurate for moderate values of T. Important to note is that, over the 3 experiments, the bias of the

1 Note that it is not necessary to control the relative impact of the two error components c; and p;¢, as in Sarafidis and
Robertson (2009), since the considered estimators are all of the WG type such that they are invariant to the ratio o2 /oi .
12Results for alternative parameter values are available from the authors on request.
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CCEP-type estimators is highly similar for N = 15 and N = 50. This suggests that a relatively low
cross-sectional dimension (N = 15) is not really a source of concern.

To summarize, in a dynamic panel data model with both endogeneity and error cross-sectional de-
pendence the CCEP-GMM is the preferred estimator, both in terms of bias of the coefficients and of
the estimated standard deviations. Especially when compared to the alternative estimators, it performs
reasonably well for the modest sample size T = 35, N = 15 that is available for the empirical analysis

presented in section 4.

4 Empirical results

Table 2 reports the results from estimating eq.(25) using aggregate yearly data from 15 OECD countries
over the period 1972-2007 with the WG, WG-GMM, CCEP, and CCEP-GMM estimators discussed in
section 3. The data are described in Appendix C. The CCEP-GMM estimator is our preferred estimator
since it corrects for both endogeneity and cross-sectional dependence among the countries in the panel.
The latter correction is necessary because (i) table 1 shows that all variables exhibit moderate to strong
correlation over countries and (ii) the CD tests for cross-sectional independence reported in table 2 point
toward cross-sectional dependence in the errors of the WG-type estimators. Further, as discussed in our

Monte Carlo simulations in section 3.3, CCEP-GMM performs reasonably well in samples of modest size.

Table 1: Diagnostic tests for cross-sectional independence
Sample period: 1972-2007, 15 countries

AlnCy; AlnH; AlnGy Ry (Yiu—1/Cii—1) (Yi,tfl/ci,tflf AlnY;
5\ 0.274 0.251 0.278 0.678 0.620 0.618 0.288

Note: The average cross correlation coefficient 5= (2/N (N — 1)) 7' SV ) 5, is the simple average
of the pair-wise cross correlation coefficients p;;.

The instrument sets used for the GMM estimators are determined by setting ¢ = 1 and L = 3.
From the Sargan/Hansen overidentifying restrictions test S; reported in table 2 we note that the implied
moment conditions are not rejected by the data. This contrasts with the case ¢ = 0 and L = 4 for which
the moment conditions are rejected by the Sargan/Hansen test Sy. These results suggest that there
might be serial correlation of order 1 in the error term. This is confirmed by the Difference-in-Sargan
test AS; which rejects the null of no serial correlation of order 1 for all estimators. When we look at the
Difference-in-Sargan test ASy which tests the null of no serial correlation of order 2 we find that the null
is still rejected at conventional levels of significance for the WG-GMM estimators. It is not rejected for
the CCEP-GMM estimator however. This further contributes to its status as our preferred estimator.

From table 2 we first note that the coefficient on lagged aggregate consumption growth is positive
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Table 2: Alternative panel data estimation results using labour income

Dependent variable: AlnCy; Sample period: 1972-2007, 15 countries

WG WG-GMM CCEP CCEP-GMM
one-step two-step one-step two-step
Coefficient estimates (¢ =1,L = 3)
AlnC;iq 0.00 0.14 0.10 0.05 —0.17 —0.21*
(0.04) (0.17) (0.15) (0.05) (0.13) (0.12)
Aln Hy 0.04 0.59*** 0.61*** 0.04 0.52%** 0.49***
(0.04) (0.15) (0.14) (0.04) (0.14) (0.13)
Aln Gy 0.33*** 0.28 0.29* 0.30%** 0.17 0.21
(0.03) (0.17) (0.16) (0.04) (0.16) (0.15)
Ry 0.01 0.05 0.08* —0.01 —0.15 —0.22
(0.03) (0.04) (0.04) (0.03) (0.21) (0.19)
(Yiie1/Civ—1) 0.18 0.08 0.10 —0.10 —2.09* —2.66**
(0.16) (0.19) (0.19) (0.46) (1.08) (1.05)
(Yiio1/Cip—1 )2 —0.05 —0.02 —0.02 0.22 1.39** 1.74%%*
(0.08) (0.10) (0.09) (0.24) (0.61) (0.59)
AlnYy 0.03 0.17 0.16 0.05 0.52%** 0.72%**
(0.02) (0.27) (0.23) (0.04) (0.18) (0.16)
AlnY;, 4 0.50*** —0.31** —0.28** 0.47** 0.13 0.16
(0.04) (0.15) (0.14) (0.04) (0.12) (0.11)
Residual cross-sectional independence tests
» 0.18 0.10 0.10 —0.06 —0.05 —0.03
CD 10.93 6.16 5.98 —3.38 —2.87 —1.52
[0.00] [0.00] [0.00] [0.00] [0.00] [0.13]
Overidentifying restrictions tests
Sargan/Hansen
So (¢q=0,L =4,df =21) 45.54 36.73 35.09 32.75
[0.00] [0.02] [0.03] [0.05]
Sy (g=1,L =3,df =14) 20.18 17.59 18.68 19.42
[0.12] [0.23] [0.18] [0.15]
So(q=2,L=2,df =7) 2.22 1.89 12.09 10.49
[0.95] [0.97] [0.10] [0.16]
Difference-in-Sargan
AS1=S0—51 (df =7) 25.36 19.14 16.41 13.33
[0.00] [0.01] [0.02] [0.06]
ASy =851 =Sy (df =7) 17.96 15.7 6.59 8.93
[0.01] [0.03] [0.47] [0.26]

Notes: Standard errors are in parentheses, p-values are in square brackets.

One-step GMM uses the ‘two stage

least squares’ suboptimal choice of weighting matrix while two-step GMM uses a consistent estimate for the optimal
weighting matrix constructed from a Newey-West type of estimator allowing for general cross-section and time
series heteroscedasticity and M A(1) errors. Both one-step and two-step GMM standard errors are robust to general
cross-section and time series heteroscedasticity and to M A(1) errors. *, ** and *** indicate significance at the 10%,
5% and 1% level respectively.

The average cross correlation coefficient p is defined in Table 1. CD is the Pesaran (2004) test defined as
V2T /N (N —1) Ziv: ’11 Z;V:Z 11 Pij, which is asymptotically normal under the null of cross-sectional independence.
The Sargan/Hansen test of overidentifying restrictions is x? distributed under to null of joint validity of all moment
conditions defined in equations (29) or (35) for given choice of g and L. The difference-in-Sargan test is x? distributed

under to null of joint validity of a subset of moment conditions, i.e. AS; under the null of no first order serial
correlation in the error terms and ASs under the null of no second order serial correlation in the error terms.

only if we do not model cross-sectional dependence (WG-type estimators) or do not use instruments

(CCEP estimator). When we model cross-sectional dependence and correct for endogeneity we find that
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the coefficient on lagged aggregate consumption growth turns negative, albeit it is either insignificant or
its significance is quite low. This result is in accordance with Kiley (2007) who finds generally negative
and insignificant estimates for the habit formation parameter. This result differs from the conclusions
reported by Carroll et al. (2008) who generally find positive and significant values for this parameter.

We further find that the impact of aggregate disposable income growth on aggregate consumption
growth is positive and strongly significant for the WG estimator and for the CCEP and CCEP-GMM esti-
mators. Estimated with our preferred CCEP-GMM estimator, the magnitude of the estimated coefficient
on disposable income growth is 0.52 for the one-step CCEP-GMM estimator and 0.72 for the two-step
CCEP-GMM estimator. The former estimate is in accordance with the magnitude of the estimates found
for this coefficient in other studies (see e.g. Campbell and Mankiw, 1989, 1990, 1991).

Contrary to Carroll et al. (2008) our results thus favour the Campbell and Mankiw model over the
model with habit formation. One reason may be that our specification is more elaborate since we include
other variables like the growth rate in hours worked which is not included in Carroll et al.'3. In particular,
we find that this variable is positive and highly significant across all GMM estimators. In fact, the growth
rate in hours worked turns out to be the most robust explanatory variable for aggregate consumption
growth. This provides support for the analysis of Basu and Kimball (2002) who argue in favour of
complementarity between consumption and labour in the US. Kiley (2007) finds, also for the US, that
hours worked explain aggregate consumption growth better than either lagged consumption growth or
disposable income growth. Hence our analysis seems to confirm this complementarity hypothesis between
consumption and labour in a panel of OECD countries.

We then look at potential intertemporal substitution effects, i.e. the effects of the real interest rate
on aggregate consumption growth. Our results are fully in line with the literature in the sense that the
real interest rate has an insignificant impact on aggregate consumption growth in almost all cases (see
e.g. Campbell and Mankiw, 1990). The exception is the result obtained with the two-step WG-GMM
estimator where the impact of the real interest rate is positive and significant. While this seems to suggest
that there are intertemporal substitution effects of modest magnitude in our sample, we do not favour
these results. The reason is that the WG-GMM estimator does not take into account cross-sectional
dependence in the panel. When estimating the effect of the real interest rate on aggregate consumption
growth with the CCEP-GMM estimator instead we find no evidence of intertemporal substitution effects.

The impact of government consumption growth on private consumption growth is less clear-cut. We

13 Another reason may be that we use aggregate total consumption instead of consumption of non-durables and services
(which Carroll et al. use for about half their countries). Durable components in our consumption measure may bias our
habit parameter estimate downward since durable consumption growth is somewhat negatively autocorrelated (see Mankiw,
1982). Kiley (2007) reports negative and insignificant estimates for the habit parameter both when total consumption and
non-durable consumption and services are used to measure consumption. In the latter case the estimates are less negative
however.
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find that the estimates of this impact are positive and significant when estimated using WG or CCEP but
insignificant when estimated with the GMM estimators. The only exception is again the result obtained
with the two-step WG-GMM estimator. Hence, we don’t find strong support for the complementarity
between private and public consumption as reported for instance by Evans and Karras (1998).

Evidence of precautionary savings effects on aggregate consumption growth can be obtained by looking
at the estimate for the coefficient on the squared income to consumption ratio. We find that this coefficient
is insignificant for all estimators but the CCEP-GMM estimator. When using our preferred estimator
this coefficient has the expected positive sign and is highly significant. The CCEP-GMM estimator thus
facilitates the detection of significant precautionary effects at the aggregate level in a panel of OECD
countries. This result adds to the literature that finds evidence that precautionary savings matter for
aggregate consumption growth (see e.g. Parker and Preston, 2005).

To summarize, our newly introduced CCEP-GMM estimator - which corrects for endogeneity and error
cross-sectional dependence and is robust to heteroscedasticity and M A(1) serial correlation - indicates
that aggregate consumption growth depends positively on aggregate hours worked (hence supporting the
labour-consumption complementarity hypothesis), depends positively on aggregate disposable income
growth (hence supporting the rule-of-thumb consumption model of Campbell and Mankiw), and depends
positively on the squared income to consumption ratio (hence supporting the notion that precautionary

savings matter for the aggregate economy).

5 Conclusions

This paper examines the sources of stickiness in aggregate private consumption growth. We first derive a
dynamic consumption equation which nests recent developments in consumption theory: rule-of-thumb
consumption, habit formation, non-separabilities between both private consumption and hours worked
and private consumption and government consumption, intertemporal substitution effects and precau-
tionary savings. Next, we estimate this dynamic consumption equation for a panel of 15 OECD countries
over the period 1972-2007. We follow recent developments in panel data econometrics by allowing for
unobserved common factors which have heterogeneous impacts on the countries in the panel. We develop
a CCEP-GMM estimator by combining the CCEP estimator advanced by Pesaran (2006) to account for
error cross-sectional dependence and the GMM estimator to account for endogeneity of the regressors.
We show that the moment conditions imposed by this CCEP-GMM estimator are valid as N,T — oo
jointly. A Monte Carlo experiment shows that the CCEP-GMM estimator performs reasonably well even

for the modest sample size T = 35, N = 15 that is available for our empirical analysis. In our dynamic
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panel data setting with both endogeneity and error cross-sectional dependence, it is preferred over stan-
dard WG, WG-GMM and CCEP estimators both in terms of bias of the coefficients and in terms of the
estimated standard deviations.

Taking into account endogeneity and cross-sectional dependence proves to be important as it has
a marked effect on our estimation results. These suggest that the growth rate in aggregate private
consumption depends positively on aggregate hours worked. This supports the labour-consumption com-
plementarity hypothesis of Basu and Kimball (2002). It also depends positively on aggregate disposable
income growth. This supports the rule-of-thumb consumption model of Campbell and Mankiw (1989,
1990, 1991). Finally it depends positively on the squared income to consumption ratio. This supports
the notion that precautionary savings matter for aggregate consumption growth (see Parker and Preston,
2005). We find little or no support for habit formation, non-separabilities between private consump-
tion and government consumption and intertemporal substitution effects as lagged consumption growth,

government consumption and the real interest rate are generally found to be insignificant.
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Appendix A Derivations
A.1 Approximating E;, ¢, and V,_ g

First, a second order Taylor expansion of a function f(x) around z = xq is given by f(z) = f(xo) +
f(zo0) (@ — 0) + 3/ (w0)(z — 0)?. Now for f(z) = & = exp(lne;) , # = Ingy, and zg = Fy_1Ine; =0
we find that ¢, = 1+ Ine;, + 3(Ing;)? so that, with the use of eqs. (3) and (4), we can write 16, =
1+ 30k, =z (with z > 1).

Second, note that V;_1e; = E;_162 — 2%, Now for f(x) = &7 = exp(2lng;), * = lngy, and o =
E;_1lng; = 0 we can use a second order Taylor expansion of f(z) around z = x¢ to calculate 2 =
1+ 2In(e) + 2(Ineg)? so that Ey_1e? =1+ 202 _. Now we have V;_1e; = Ey_q1e7 — 22 = (1+ 202 ) —

(1 + UIQns + i(a?ns)Q) = 012ns - %(UIQns)Q ~ Ul2ns'

A.2 Approximating the function f(w,Inh;,InG,;) around certainty

A second order Taylor expansion of a function f(z,y,z) around = = xg, y = yo, and z = 2q is given by
f(z,y,2) = f(zo,y0,20)+)_; %(ffo,ym 20)(i—i0)+5 >, > é{%‘j(%, Y0, 20)(i—1i0)(j—jo) for i = x,y, z and
j = x,y, 2. With this formula we approximate f(wy,Inhs,InGy) = (aw;) et e™m Gearound wy = wy,
around Inh; = Inh; (where Inh; = E;_Inh;), and around InG; = InG; (where InG; = E;_; InG;) by

calculating the necessary derivatives.

A.3 Calculating aggregate consumption growth A lIn(C;)

Define total consumption in the economy C; as
Cy=Crt+ Coy. (A-1)

Following Campbell and Mankiw (1990) we assume that the labour income of type 2 consumers Y5 ; is a
fixed fraction (1 — A) of total income Y; where 0 < A < 1. Hence Yo, = (1 — A\)Y;. Since ¥; =Y1 4+ V>,

this implies Y7 ; = AY;. Since Cy ¢ = Y5, this gives,
Cor=(1-NY;.

Eq.(A-1) is now given by

Cy = Cuy+ (1 — A, (A-2)
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We now take the log of C;. Following Campbell and Mankiw (1990, p.268) we approximate the log of an

average by an average of logs In(az + bz) ~ aln(x) + bln(z) so that from eq.(A-2) we have
In(Cy) ~In(Cr ) + (1 — A) In(Y7). (A-3)
In first differences this gives eq.(18) in the main text.

A.4 Replacing the ratios Y;,;/C! and (Y ,/C})?

We replace Y1,;/Cy+ and (Y1+/C1¢)? in eq.(16) with their observable counterparts Y;/Cy and (Y;/Cy)?2.
First, note that C1 ¢ = Cy — (1 — A)Y; and Y7 ; = AY:. Hence, C1 /Y1 = (1/A)(Cy/Y) — (1= X) /A =
a+b(C/Y;) where b=1/A>0and a = —(1 —X)/A < 0. We have a +b = 1. Now from this we want an
expression for Y; ;/C1 ;. Note that we can write Y7 ;/C1 = (a + b(C;/Y;))™!. We write this expression
Y1

as f(z) = (a+ bz~1)~! where f(z) = o, and where z = % We then linearize this expression with a

first-order Taylor expansion of f(z) around z = 1. This gives f(z) =~ (a+b)~! —b(a+b)"2+b(a+b)~2z or
f(2) ~ (1—b)+bz since a+b = 1. Hence we find (Y1,:/C1+) = (1 —b) +b(Y;/Ct) = 1= A"+ A" Y3/Cy).
Substituting Y7 ;/Cy; (lagged once) into eq.(16) gives an expression for aggregate consumption growth
in terms of the observable Y;/C}.

Second, note that (C1 ¢)? = (Cy—(1=A\)Y)? = C?4+(1—X)2Y?—2(1—-\)C;Y; and that (Y1 4)? = \2Y2
Hence, (C1./Y1,4)? = (1/3*)(C1/Yy)? — (2(1 = N)/X*)(Ce/Ye) + (1 = X)? /X% = a + b(Ce/Yy) + ¢(C/ V)
where a = (1 —A)2/A%2 > 0, b= —(2(1 = \)/N\?) <0, c=1/A? >0. We have a + b+ ¢ = 1. Now
from this we want an expression for (Y7,./Ci+)?. Note that we can write (Y1,:/C1+)? = (a + b(Cy/Y2) +
c(C/Y;)?)~1. We write this expression as f(z) = (a +bz7%% + c271)~! where f(z) = (Y1+/C1+)?, and
where z = (Y;/Cy)°. We then take a first-order Taylor expansion of f(z) around z = 1. This gives
f(z)~(a+b+c) P =b/2+c)(a+b+c) 2+ (b/2+c)(a+b+c) 2z or f(z) 21— (b/2+c)+ (b/2+4¢)z
since a+b+c = 1. Hence we find (Y1 ,/C14)% = 1—(b/2+¢)+ (b/24¢) (Yi/C,)? = 1= A1+ A1 (V,/Cy)?
where the latter equality follows from b/2 4 ¢ = A~!. Substituting (Y7 +/C1.)? (lagged once) into eq.(16)

gives an expression for aggregate consumption growth in terms of the observable (Y;/C})?.

A.5 Proof of limy .0 AlnC; = AlnY; in eq.(24)

We first take the limits of eqs.(21) and (22),

. . A=1+ (Y1 /C 0
)I\E%(Yl,tfl/cl,tfl):)l\li% (/\t 1/ : 1) :67 (A-4)

- A—=1+(Yi-1/Ci1)? _0
=0 A 0’

;iif%(yl,t—l/cl,t—l)Q = )1\ (A-5)
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where in the last step we use limy o (Y;_1/Cy_1) = 1 and limy_o(Y;_1/C;_1)? = 1 as when all income
is earned by consumers of type 2 then total consumption in the economy equals total income. With the

use of I’Hopital rule we obtain

dA=14+(Y:—1/Ct_1)) 1+ d(Yi—1/Ct_1)
}\LH}J(Yl,t—l/Cl,t—l) = lim % = lim 1d)‘ =1 (A-6)
) d(A—1+(Y&;\1/Ct,1)2) 1+ d((Yt—ld/ft—l)z)
A T S - AT

where in the last step we use limy_.q % = 0 and limy_.q W = 0 as the derivatives
of the ratios (Y;_1/C;_1) and (Y;_1/Cs_1)? approach zero because when A — 0 the ratios (Y;_1/Ci_1)
and (Y;_1/C;_1)? approach the constant 1.

We now take the limit of eq.(16) while using eqs.(A-6) and (A-7),

(kof;a) + % limy—o Ahlcl,t_l + %lim)\_)o AlnHLt

(A-8)
+5AIG, + 5R + 5 + %2 4 limy o ¥y

lim AlnCy; =
A—0

When A — 0, type 1 consumers have no income hence they do not work hours and they do not consume,
ie limyoAInCiy = 0, limy.oAlnCy ;-1 = 0, and limy_,o Aln Hy; = 0. Substituting these results

into eq.(A-8) gives

k‘o — (S ]411 ]412 ™ 1 . _
Note that we can write eq.(24) as,
ko -6 ki (Y141 ks (Yig1\> 7 1
Al = — d — : —Al - v A-1
nC; ( 7 )+ 7 (Cl,t1)+ 2 (Cul) +gAG R+ (A-10)
—i—@AlnC},l + %AlnHl,t +(1-XMNAnY;—(1-2X) <ﬁ(90_1)> AlnY;_;.

Taking the limit of eq.(A-10) while using the result limy_,o Aln H; ; = 0 as well as egs.(A-6), (A-7)

and (A-9) gives

lim AlnCy — M Iim AlnCy_1 = lim AlnY; — <ﬂ(91)> lim AlnY;_;. (A-11)
A—0 A—0 A—0 0 A—0

The last equality can only hold if AlnC; = AlnY; and if AlnCy_y = AlnY;_1.
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Appendix C Data

Data are annual. All data are taken from OECD Economic Outlook (different years) except population
data which are taken from OECD National Accounts Volume IT Population and Employment (2009) and
hours worked data which are taken from the Conference Board and Groningen Growth and Development
Centre (2009). Data availability determines the sample period which is 1972-2007. The sample contains
15 countries: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Italy, Japan,
the Netherlands, Spain, Sweden, the United Kingdom, and the United States. To calculate aggregate
private consumption (C) we deflate private final consumption expenditures by the consumer price index.4
To calculate the real interest rate (R) we subtract from the short-term nominal interest rate' the
inflation rate which is calculated as the growth rate of the consumer price index. To calculate government
consumption (G) we deflate government final consumption expenditures by the consumer price index.
For aggregate hours worked (H) we use the series total hours worked as reported by the Conference
Board. To calculate aggregate disposable labour income (Y') we first add the following three components.
The first component is compensation of employees (a) which contains wages of the private sector as
well as government wages and the social security contributions paid by private employers. The second
component is the labour income of the self-employed (b) which we calculate as in Fiorito and Padrini
(2001) by multiplying wages and salaries by the ratio of the number of self-employed to total employees.
The third component is net social security transfers paid by the government (c), i.e. social security
transfers paid by the government minus social security contributions received by the government. From
(a)+(b)+(c) we then subtract taxes. To calculate taxes we follow Carey and Rabesona (2004) and make
a distinction between countries where households cannot deduce their social security contributions from
their tax base (Australia, Canada, United Kingdom, United States) and countries where households can
deduce their social security contributions (all other countries). For the first group of countries the tax
rate (d1) can be calculated as direct taxes on households divided by the sum of wages and salaries,
property income received by households and total income of the self-employed. For the first group of

countries the tax base (el) is the sum of wages and salaries and labour income of the self-employed. Total

14For a few countries we use the deflator of private final consumption expenditures instead.
15For most countries we use the treasury bill rate. In some instances we use the money market rate or the discount rate.
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taxes for the first group then equal (d1) x (el). For the second group of countries the tax rate (d2) can
be calculated as direct taxes on households divided by compensation of employees plus property income
received by households plus total income of the self-employed minus social security contributions received
by the government. For the second group of countries the tax base (e2) is compensation of employees
plus labour income of the self-employed minus social security contributions received by the government.
Total taxes for the second group then equal (d2) x (e2). Aggregate disposable labour income (Y') for the
first group then equals (a)+(b)+(c)-(d1) x (el) deflated by the consumer price index. For the second
group it equals (a)+(b)+(c)-(d2) x (e2) deflated by the consumer price index. The variables C, G, H

and Y are all divided by population to obtain per capita figures.
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