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Abstract: 
This work presents a robust empirical approach to dealing with the issue of the long run 
relationship between macroeconomic volatility, consumption behaviour and welfare for a large 
sample of countries. Differing from previous works, our empirical strategy is grounded on 
consumption and takes account of the role of  persistence in consumption/income volatility.  
Our main conclusion is twofold: on one hand, we determine that aggregate volatility exerts, on 
average and ceteris paribus, a significant impact in deviating consumption from its smoothing path, 
producing aggregate extra saving, and in hampering future consumption prospects. This 
relationship holds across countries, including the poorest ones, and is becoming more significant in 
recent years. On the other hand, by deliberately proposing conservative estimates, we confirm 
Lucas' (1987) intuition about the low value of stabilisation policies, both across-countries and in 
the long-run. Our empirical evidence provides new insights into the long standing debate about the 
costs of fluctuations. First, it shows that the poorest countries hold a significant amount of "extra 
saving" too, because of economic fluctuations. Second, it underlies that, on average, uncertainty 
affects not only the volatility of consumption around its mean but the mean itself (Elbers and 
Gunning, 2003). 
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1 Background, aims and caveats

For a high proportion of low and middle income countries there exists a phe-
nomenon of excessive fluctuation of economic variables which is increasing
over time (Agenor & al., 2000; Kose & al., 2003; Wolf 2005, Loayza & al.,
2007). As a result, a large amount of empirical literature has been devoted
to the investigation of both its determinants and economic consequences
(Ramey & Ramey, 1995; Aizenman & Marion, 1999; Fatas, 2000; Pallage
& Robe, 2003; Kose & al., 2003; Wolf, 2005; Hnatkovska & Loayza, 2005;
Loayza et al., 2007; Demir, 2009). However, empirical results are mixed and
often inconsistent across studies. More recently, practitioners and scholars
have been tempted to link macro-fluctuation to the presence of ”excessive
saving” or ”saving glut” in developing countries (Bernake, 2005; Carroll &
Jeane, 2009; Furth, 2010) with the correlated risk of ”global imbalances”
(Bordo, 2005; Caballero & Krishnamurthy, 2009; Claessens & al., 2010). Ac-
cording to this view, also the remarkable accumulation of foreign reserves
in the fast-growing emerging economies, which has been registered in recent
times, reflect extra saving against the risk associated with economic globali-
sation (Stiglitz, 2004; Lane and Milesi-Ferretti, 2007).

We believe the above issues need more rigorous empirical investigation,
by looking directly at consumption behaviour under uncertainty. Specifi-
cally, three main questions need to be addressed: does macro-volatility cause
deviations from consumption smoothing? does consumption behaviour un-
der uncertainty hamper future consumption? and, following on from this,
are developing countries a special case? Previous empirical literature has
overlooked these research questions. On one hand, it has largely focused on
income, leaving outside the analysis a thorough investigation of consumption
behaviour, which is at the core of households choices under uncertainty. On
the other hand, the welfare cost of volatility has essentially been derived in an
indirect way by looking to alternative measures of compensation parameters
which are supposed to assess people’s preference for stability (see Appendix
A).

The aim of this work is to submit to rigorous investigation the hypothesis
of the presence of direct welfare costs of macro-volatility as well as indirect
ones made by previous empirical literature (see Loayza et al., 2007 for an
overview). As a corollary, we wish to assess whether developing countries
are a special case. To this end, we propose a cross-country empirical analy-
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sis to look at the impact of aggregate volatility on consumption smoothing
behaviour. As in other similar studies, the aim is not, at this stage, to distin-
guish among the various sources of macroeconomic fluctuation (productivity
or monetary shocks; pure business cycles; long run uncertainty; policy mis-
management, etc.)1, nor to address the issue of the portfolio choices beneath
consumption behaviour,2 rather to assess the links between macro-volatility,
consumption smoothing, and extra-saving, in terms of magnitude; short-run
versus long-run dynamics; robustness to countries’ heterogeneity.

The main innovations to existing literature are the following: focusing
on consumption behaviour rather than income; adopting both consumption
and income fluctuations as proxies for economic instability; proposing a way
to look at the cost of volatility on welfare alternative to compensation pa-
rameters of household preference for stability; using long panel data for a
large sample of countries (ideal for testing the theory of consumption, but
virtually unavailable at the micro level). The empirical strategy is grounded
on the Friedman (1957)’s classical consumption model, amended to take into
account both the impact of income and consumption fluctuations as well as
their persistence in consumption (see Appendix A). We provide estimates
by income deciles as well in order to assess the role of country heterogeneity
and to investigate whether the poorest countries actually represent a special
case (i.e. to assess whether differences in countries’ income levels actually
produces diversified effects in their precautionary saving behaviour to macro-
fluctuations).

A number of caveats must be taken in performing this empirical task. The
main drawback is represented by the implicit assumption of a representative
agent (i.e., no individual differences). While convenient - it permits the adop-
tion of an invariant felicity function and reduces the problem of measurement
error - it implies that incomes are perfectly pooled across individuals (i.e., full
domestic risk sharing) and, hence, limits the analysis to aggregate uncertainty

1Parker and Preston (2005) underline four proximate causes of fluctuations in aggregate
consumption growth: new information, real interest rate, consumption preference, and
risk.

2In this respect, our results should be assumed to be conditional to asset prices. While
direct estimates of precautionary wealth may be advisable in letting data speaking in a
much less filtered way (Carroll, 2001b; Carroll and Samwick, 1997), data on wealth cannot
be estimated reliably and in a comparable way across countries. Furthermore, it is not yet
clear how to translate estimates on wealth into a set of behavioural parameters (Carroll
and Kimball, 2008)
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only. 3 In this respect, our empirical results can be seen as a conservative
estimate of the phenomena under analysis since the direction of distortion
of our aggregate estimates is likely to reduce the impact of volatility rather
than emphasise it (the average variability of the individual is greater than
the variability of individuals whose behaviour is being averaged). A more
pervasive source of concern is that the representative agent story can be
misleading in the presence of borrowing restrictions that could alter unifor-
mity across individuals. However, as Krussel and Smith (1998), Heaton and
Lucas (1996) and Constantinides and Duffie (1996) argue, household hetero-
geneity arises mostly from idiosyncratic transitory shocks, which are easy to
insure by only a modest amount of saving (Gourinchas, 2000). Conversely,
in a world full of uncertainty, the precautionary demand for saving is likely
to be strengthened, generally speaking, if access to credit is limited when
it is most required (Deaton, 1992; Lee and Sawada, 2010). Another issue
to be addressed is that economic theory also predicts full international risk
sharing (i.e., perfect consumption smoothing across countries and states of
nature) in the hypothesis of complete markets (Obstfeld and Rogoff, 1996).4

However, the empirical literature has systematically rejected the null hy-
pothesis of complete risk sharing, acknowledging a much larger degree of risk
sharing within countries than cross-countries (Crucini and Hess, 2000; Kose
et al., 2003, 2007, 2009 and 2011; Asdrubali and Kim, 2008; Broner and
Ventura, 2011, Pierucci and Ventura, 2012). Last but not least, this work
focuses on consumption (and saving) behaviour as key tools in explaining
household’s choices under uncertainty. It must be acknowledged that con-
sumption smoothing is not the only behavioural mechanism to respond to
risk and uncertainty. For instance, prudent households may well decide to
reduce their health care and school expenditure, contributing in this way
to a reduction in permanent income and welfare. Moreover, consumption
smoothing actually engenders a set of behavioural changes apt to produce
likely effects on household welfare too such as: smoothing asset/income; self-
insurance, risk-sharing arrangements, diversification, migration, etc. (Mor-
duch, 1994; Rosenzweig & Wolpin, 1993; Townsend, 1994, 1995; Zimmerman

3The usual concern is that the representative consumer model reduces the relevance of
precautionary saving. To avoid this, Carroll (2000) proposes relying on multiple classes
of households characterised by differing wealth availability and marginal propensity to
consume.

4In this framework, the only type of risk reflected by consumption is due to aggregate
uncertainty about world output (i.e., systemic risk).
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and Carter 2003). However, this does not undermine the relevance of con-
sumption behaviour as one of the most relevant tools in explaining household
choices under uncertainty. Since saving-ratios tend to be pro-cyclical (rising
in boom times and falling in times of crisis) consumption should be assumed,
in a macroeconomic perspective, to be protected against business-cycle fluc-
tuations (Deaton, 1992). Violation of this assumption is normally expressed
in relation to liquidity constraints and/or uncertainty about the future. The
two issues are indeed closely related. Uncertainty could generate a behaviour
virtually indistinguishable from that generated by a liquidity constraint by
inducing self-imposed reluctance to borrow (Caroll, 2001a) and liquidity con-
straints could make people accumulate precautionary wealth in the attempt
to insure themselves (Lee & Sawada, 2010). Madsen and McAleer (2000)
provide some support in favour of the uncertainty hypothesis, using panel
data for 22 OECD countries. However, we cannot assume this to be the case
for developing countries too. To conclude, in all the above cases the possible
direction of distortion is in reducing the impact of aggregate volatility on
consumption not in emphasising it. Hence, our estimates of the phenomena
under analysis should be assumed to be conservative.

The obvious theoretical reference for our empirical exercise is the liter-
ature on precautionary saving. According to this literature, consumption
fluctuations are seen as optimal responses to shocks since meaningful un-
certainty in future income provides a modification of optimal behaviour by
encouraging additional savings and reducing current consumption (Caroll,
2001a; Kimball, 1990; Caballero, 1990, Deaton, 1992). The literature on
precautionary saving is mainly focused on individuals in a closed economy
setting. Ghosh and Ostry (1997) were among the first to note that surpris-
ingly little attention has been devoted to its aggregate counterpart (relevant
exceptions are Ghosh and Ostry, 1995 and 1997; Krussell and Smith, 1998;
Carroll, 2000). We think their warning is still effective, especially with ref-
erence to developing countries.

Our main conclusion confirms that macro volatility has, on average and
ceteris paribus, a negative and significant impact on current consumption,
producing aggregate ”extra saving”, and in hampering future consumption.
This relationship holds across countries, including the poorest ones, and has
become more significant in recent years. On the one hand, these results are
consistent with previous empirical literature and the theory of precautionary
saving, even if they ask for additional research on household wealth concern-
ing the empirical evidence of a negative relationship of aggregate volatility
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with consumption growth. On the other hand, our empirical estimates con-
firm that welfare losses induced by macrovolatility should not be high in
magnitude. The work is organised as follows: Section 2 briefly summarises
the literature; Section 3 presents the empirical model; Section 4 shows the
cross-country estimates; Section 5 concludes.

2 Why should we care about macro-volatility? A re-
view of the literature

The phenomenon of macro fluctuation has been confined within standard
cycle theory for a long time, and was mainly concerned with the decom-
position of economic growth into cyclical and trend components. Thus, it
has long been considered as a second-order issue in studies on developing
countries - but of primary interest in industrial countries concerned with
smoothing the fluctuations of their business cycles. Moreover, according to
the influential Lucas (1987)’s study, the cost of fluctuations is supposed to
be of little account in terms of welfare. The fraction of consumption for-
gone for a reduction in its variability is approximated by the reduction in
the squared coefficient of variation multiplied by a half the coefficient of rel-
ative risk-aversion (see Appendix A) and so the value of so-called ”economic
stabilisation” policies have been supposed to be low. However, Lucas (1988)
observed that, in the long term, fluctuations in rates of growth are likely to
be more substantial in less developed countries, suggesting a link between a
country’s level of economic development and its volatility. Recent empirical
evidence questions Lucas (1987)’ results. While Lucas conveniently assumed
consumption shocks to be serially uncorrelated, Reis (2009) points out that
Lucas’ estimates are downward-biased, since he belittled the role of ”per-
sistence” as a crucial determinant of the cost of fluctuation (see Appendix
A).

This weakness is supposed to be more serious in the context of developing
countries (Calderon and Fuentes, 2010). From the work of Ramey and Ramey
(1995) onwards empirical cross-country studies have consistently found that
volatility exerts a significant negative impact on long-run growth and wel-
fare, especially in developing economies (Fatas, 2000; Pallage and Robe, 2003;
Wolf, 2005; Aizenman and Pinto, 2005) and that consumption volatility in-
creases with respect to income volatility (Kose et al., 2003). Among the most
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recent contributions, Malik and Temple (2009) argue that volatility should
be assumed as “endemic” in the developing world. They show that the me-
dian standard deviation of annual growth rates in low-income countries has
been more than three times that of OECD member countries over a period of
40 years (1960-99). The World Bank, in its volatility handbook, also claimed
that, in the developing world, “good times do not offset the negative impact
of bad times” and shocks tend to have permanent negative effects (Aizenman
and Pinto, 2005). According to a number of scholars, such asymmetry is re-
inforced by internal factors such as incomplete markets, inefficient taxation,
pro-cyclical fiscal policy, and especially weak financial market institutions
(Easterly et al., 2001; Denizer et al., 2002; Ferreira da Silva, 2002; Bekaert
et al., 2004). Other factors include political insecurity, macroeconomic in-
stability and institutional weaknesses – all phenomena that largely affect
developing countries (Alesina et al., 1999; Judson and Orphanides, 1999;
Gavin and Hausmann, 1996; Raddatz 2006; Servén, 1997; Agénor et al.,
2000; Fatás and Mihov 2005, Acemoglu et al., 2003, Rodrik, 1998 and 1999).
Volatility, in this context, is seen as a proxy of “uncertainty”, likely to lead
firms either to under-invest or to invest in “wrong” projects (Caballero, 1991;
Bertola and Caballero 1994; Serven, 1997; Aizenman and Marion, 1999) and
households to abandon a smooth path of consumption. These behaviours
are enhanced by conditions of risk aversion, incomplete markets, lumpiness,
and the irreversibility associated with the investment process (Hnatkovska
and Loyaza, 2005). More recently, the literature has also investigated the
plausibility of an overall negative effect of cyclical fluctuations on long-term
growth (Fatas, 2000; Blackburn and Pelloni, 2004 and 2005), overcoming the
standard distinction between the two issues.

Loayza & al. (2007) highlight two main reasons why one should care
about macroeconomic fluctuation: i) the substantial welfare loss of deviating
from a smooth path of consumption; ii) the indirect welfare loss in terms of
future consumption, in the case of a negative impact of volatility on growth.
They also argue that these phenomena are emphasised in developing coun-
tries, which not only face more volatility than industrial countries but suffer
larger volatility effects, because of the intrinsic instability of the developing
process (mainly linked to the weakness of their financial systems and the
main characteristics of their specialization process of production); the con-
crete risk of policy mismanagement (e.g., as in the case of pro-cyclical and/or
erratic fiscal and monetary policies), and the presence of weaker mitigating
and coping mechanisms.
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To assess the cost of fluctuations on consumption behaviour the obvious
theoretical reference is the theory of ”precautionary saving” (Caroll, 2001;
Kimball, 1990; Caballero, 1990, Deaton, 1992). According to this strand of
the literature, if the marginal utility of consumption function is convex the
consumer follows a prudent behaviour.5 This means, that an individual pays
attention not only to the mean of the future income (as implicitly assumed
by the standard permanent consumption model, see Appendix A) but also
to its variability. While the qualitative and quantitative aspects of the the-
ory of precautionary saving (whose basic intuition dates back to Keynes)
are now well established, less agreement exists about the strength of the
precautionary motive (Carroll and Kimball, 2008) and little attention has
been devoted to its aggregated counterpart. Furthermore, the impact of the
precautionary motive in developing contexts remains somehow ambiguous
and calls for additional empirical investigation. Deaton (1992) - the first to
provide evidence of the cost of precautionary saving on household welfare in
developing contexts - highlights a positive effect of risk/uncertainty on saving
and growth. Conversely, Hahn (1970), Dercon (2004), Elbers et al. (2009),
Gunning (2010) show how the introduction of risky assets produces, under a
series of specific circumstances, a negative effects of risk and uncertainty on
saving decisions. Cross-country comparison could certainly help in assessing
whether and to what extent, on average and ceteris paribus, the aggregate
precautionary saving behaviour in developing countries is statistically differ-
ent from that of the more developed contexts.

5Although often confused, precaution and risk aversion are not exactly the same thing
(Carroll and Kimball, 2008). While prudence represents the “intensity” of the precaution-
ary saving motive, risk aversion determines the price one is willing to pay to eliminate
uncertainty if at all possible. Practically speaking, the degree of precaution is the degree
of convexity of the marginal utility function, while risk aversion is controlled by the degree
of concavity of the utility function. Hence, while precaution depends on the third deriva-
tive of the utility function, risk aversion depends on the second derivative and one can be
inferred from the other only for very special functions, e.g. if utility is exponential, then
absolute prudence coincides with absolute risk aversion (Kimball, 1990).
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3 Macro-volatility and extra saving: the empirical
model

As Caroll (2001) highlights, when there is meaningful uncertainty in future
income, the optimal behaviour of moderately impatient consumers is much
better described by the classic Friedman’s (1957) permanent income con-
sumption function than by the later explicit maximising version.6 If liquidity
constraints are not binding and agents follow rational expectations, then the
Euler equation implies that consumption follows a martingale7. In this case,
consumption follows a (non strict) random walk process, i.e. current con-
sumption is the best predictor of future consumption. This result is known in
the literature as the random walk hypothesis for consumption (Hall, 1978).
Subsequent empirical analyses do not confirm the complete uncoupling of
consumption and current income implied in Hall’s hypothesis. Similarly, the
so called ”excess sensitivity hypothesis” (Flavin, 1981) has been challenged by
subsequent econometric findings (Deaton, 1992). Furthermore, the “Deaton
Paradox” (Deaton, 1987) casts doubts on the rational expectations hypoth-
esis because of the “excess smoothness “ of consumption with respect to
income.8 Hence, to provide an empirical version of the consumption function
able to control for the main stylised facts on consumption behaviour and fit
the empirical data we believe that the simplest Friedman’s (1957) classical
model can be assumed to be a reasonable and feasible tool. According to
Friedman’s (1957) classical model, actual consumption, Ct, and actual in-
come, Yt, contain both permanent and unanticipated transitory components
of consumption and income, respectively. As standard in this literature we
refer here only to labour income (i.e., excluding capital income). It lets
us treat income as outside the agents’ control and assess the consumption

6As highlighted by Deaton (1992) this approach coincides with the life-cycle model
(Modigliani and Brumberg, 1954, 1980; Ando and Modigliani, 1963) only if permanent
income is computed as the average of life-time income. Here, we follow Friedman’s original
statement and do not commit ourselves to this assumption, leaving demographic influences
out of our analysis.

7A stochastic process in which the conditional expectations of a variable is its current
value. Additional pre-requisites are needed for this result such as: preferences that are
inter-temporally separable, quadratic felicity functions; constant real interest rate equal
to the rate of time-preference (Deaton, 1992).

8According to the rational expectations hypothesis, if per capita real income is a random
walk, income innovations are permanent and consumption should vary at least as much
as income (Muellbauer and Lattimore, 1995).
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consequences of unanticipated shocks (while capital income depends at least
partially on assets and portfolio choices of households).

The Friedman (1957)’s model, in its simplest form9, assumes the following
identities:

Ct = CP
t + CT

t (1)

Yt = Y P
t + Y T

t (2)

where CP
t and Y P

t are aggregate permanent consumption and income
at time t, respectively, and CT

t and Y T
t are the transitory components. We

assume permanent consumption to be proportional to permanent income (see
Appendix A):

CP
t = kY P (3)

where k = δ(1+r)
(1+δ)r

; δ is the time preference and r is the interest rate. Per-

manent income is unknown. According to Friedman (1957), it is analogous to
the expected or average income.10 It is reasonable to assume it to be subject
to an adaptive expectations process, such as:

Y P
t = λYt + (1− λ)Y P

t−1 (4)

where λ is the coefficient of adaptive expectations. In practice, perma-
nent income at time t is a weighted average of actual income at time t and
permanent income at time t− 1. It means, people make predictions on per-
manent income at time t by observing the difference between actual income
at time t and the expected permanent income at time t− 1.11

Hence, making reference to Eq.1 and Eq.4, we can re-write Eq.3 as follows:

Ct − CT
t = kλYt + k(1− λ)Y P

t−1 (5)

9We give credit to Christopher Dougherty for this version of Friedman (1957)’s original
model.

10If permanent income is taken to be the annuity value of lifetime resources, Friedman’s
theory is closely related to Modigliani and Brumberg’s (1954, 1980) life-cycle hypothesis
(Deaton, 1992)

11This assumption seems appropriate given the traditional aggregate decreasing fore-
casting power for more distant time horizons. Moreover, additional pieces of information
become available as time passes, so there is no reason to commit future consumption any
sooner than necessary (Deaton, 1992).

12



We obtain current consumption as a function of current income and perma-
nent income lagged one period, as follows:

Ct = kλYt + k(1− λ)Y P
t−1 + CT

t (6)

Recalling that kY P
t−1 = CP

t−1 = Ct−1 − CT
t−1 and substituting it to Eq.6,

we can easily derive a reduced form of the permanent consumption equation,
as follows:

Ct = γYt + (1− λ)Ct−1 + CT
t − (1− λ)CT

t−1 (7)

where γ = kλ = ∂Ct
∂Yt

is the short run marginal propensity to consume

out of income; k = δ(1+r)
(1+δ)r

is the long run marginal and average propensity
to consume and λ is the weight attached to the ”non-permanent” compo-
nent of actual income. It means, as λ approximates to zero, consumption
approximates to permanent income.

Eq. (7) is compatible with a number of stylised facts on consumption:

• the short term marginal propensity of consumption is lower than its
long term counterpart (γ < k since λ < 1);

• marginal and average consumption are constant in the long run and
equal to k;

• Ct fluctuates less than Yt (since γ < 1), i.e., consumption smoothing
hypothesis holds. Households tend to stabilise consumption during the
business cycle;

• the intercept of the short term consumption function is linked to past
experience (Ct−1). If income is increasing it shifts upwards and the ac-
tual long-run relationship between permanent consumption and income
becomes steeper (being the slope γ).

Since CT is not observable, Eq. (7) cannot be applied to fit empirical data.
A workable solution is to take a log approximation of Eq. (7) as follows:12

12The log approximation of the consumption function is also convenient due to the
presence of exponentially trendy macro data. Traditional models assume the log normality
of consumption from the log normality of permanent income. Battistin, Blundell & Lewbel
(2007) demonstrate empirically that the distribution of consumption expenditures across
households is closer to log normal than is the distribution of income.
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ct = β̂1yt + β̂2ct−1 + ût (8)

where ct and yt are natural logs of real income and consumption.It means
to assume that: β̂1 as the short-run marginal propensity to consume (β̂1 = γ);
β̂1/(1− β̂2) as the long-run marginal and average propensity β̂1/(1− β̂2) = k;
(1 − β̂2) as the adaptive expectation coefficient (1 − β̂2) = λ; ût as the
transitory component of consumption such as: ut = cTt − β̂2c

T
t−1.

However, the preference for constant consumption depicted by this theo-
retical model rests on the hypothesis of certainty equivalence (i.e., consumers
make the same decision both under a certain and an uncertain scenario). It
is not compatible though with the presence of a prudent behaviour (Deaton,
1992).13 To assess the role of uncertainty, as already underlined, we should
rely on the theory of ”precautionary saving” (Caroll, 2001; Kimball, 1990;
Caballero, 1990, Deaton, 1992). According to this strand of the literature, a
prudent consumer pays attention not only to the mean of the future income
but also to its variability, considered as a proxy of uncertainty.

13In the standard permanent income model, the optimal choice corresponds to the situa-
tion where the expectation of marginal utility equals the marginal utility of the expectation
(hypothesis of linearity of the marginal utility of consumption). This means that the con-
sumer only looks to the expected mean of future income, not to its variability. In this
situation, increases in future uncertainty do not by themselves affect saving.
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3.1 Assessing the impact of macro-fluctuations in consumption

An influential strand of the literature on precautionary saving asserts the
need to look primarily at consumption variability rather than income (see,
among others, Lucas, 1987; Dynan, 1993; Merrigan and Normandin, 1996;
Lee and Sawada, 2010), because the consumption of an optimising house-
hold changes only in response to unanticipated innovations in income. This
literature generally applies the following second-order Taylor approximation
around the point Ct of the non-linear Euler equation (see Eq.(28) in Appendix
[A]):

Et∆ct+1 =
1

θ

(
r − δ
1 + r

)
+
ρ

2
Et∆(ct+1)2 (9)

where θ = (−Ct U
′′

U ′
) is the coefficient of Relative Risk Aversion ; ρ =

(−Ct U
′′′

U ′′
) is the coefficient of relative prudence;14 ∆ is the first difference

operator; ct is log of consumption at time t and Et∆(Ct+1)2 measures un-
certainty (i.e., under certainty, Et∆(ct+1)2 = 0). It is apparent that under a
prudent behaviour (i.e., if ρ > 0, as is the case when an exponential utility
function, U(C) = − 1

α
e−ρC is used), then higher expected squared consump-

tion growth (here assumed as a proxy of uncertainty) is positively related to
higher expected consumption growth, which implies higher expected saving
and hence lower expected consumption. Thus, a negative correlation be-
tween current consumption and uncertainty is in place. This relation holds
both for CRRA and CARA utility functions.15 The estimation of Eq. (9)
is widespread in practice. Scholars generally replace the expected variables
involved in Eq. (9) by their sample means, leaving the error term to capture
all the unanticipated components16 as follows:

∆ct+1 = β0 + β1∆(ct+1)2 + εt+1 (10)

where β0 = 1
σ

(
r−δ
1+r

)
and β1 = ρ

2
and εt is a normal distributed error term

with a mean of zero.

14More details about prudence and risk aversion definition are provided in footnote 5
15for additional details on the different characteristics of the two utility functions see

footnotes 20 and 21
16A correlation between the error term and the average variance of consumption is

generally acknowledged by this empirical exercise because of the presence of error terms
associated with replacing expected values with observed means
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Although Carroll (2001b) argued the near-impossibility of recovering a di-
rect estimate of the exact values of the parameters for prudence and risk aver-
sion from the above second order Taylor approximation, this does not inval-
idate the precautionary saving implications derived from the inter-temporal
optimization of Eq.(25). Moreover, since measurement error should bias the
estimate of the coefficient of relative risk aversion downward (see Carroll,
2001b), a GMM estimate is generally used as a rough lower bound on the
coefficient of relative risk aversion (this is again consistent with the aim to
provide conservative estimates of the phenomenon). Eq.(25), however, ig-
nores the role of persistence in consumption fluctuation. While Lucas (1987)
looked at the persistence phenomenon as a convenient way of enhancing the
predictability of consumption and lowering the forecast error variance, Reis
(2009) highlights the role of persistence as an additional cost of fluctuations
induced by its long-lived impact. As a result, Reis (2009) estimates of the
costs of consumption fluctuations in the USA are significantly larger than
Lucas’ (1987) calculations (approximately between 0.5 per cent and 5 per
cent of per capita consumption). Given all this, we apply the following panel
version of (Eq. 8) to test the impact of aggregate volatility on ”extra saving”:

cit = β̂1yit + β̂2cit−1 + β̂3σ
2
cid + uit + ϕ̂uit−1 (11)

where ϕ is the parameter of serial correlation across errors.17 and σ2
cid is

the rolling volatility of consumption of length d (i.e., over d periods from t)
for each country i. β̂3 is the parameter of interest. It provides a measure of
the cost of consumption variability on current per capita consumption, based
on the permanent income hypothesis. The expected sign of β̂3 is negative
since consumption variability is supposed to be negatively correlated with
current consumption, as implicitly assumed by the theory of precautionary
saving (see Eq. [9]).

We perform our empirical exercise by applying a different set of measures
for consumption volatility. As a baseline exercise, we test total observed
volatility proxied by the standard deviation of the first differences of per
capita consumption (Aizeman & Pinto, 2005, Wolf, 2005). Total observed
volatility reflects both uncertainty and risk in consumption, which indeed are

17According to Eq.8, this parameter should be equal to −β̂2 (i.e., the theory predicts
strong negative serial correlation across the unobservable errors, hence a cycle in the error
structure).
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separate concepts.18 The issue of disentangling the “unpredictable compo-
nent” (i.e., true uncertainty) and “pure risk” from sample variability is not
trivial (Hnatkovska & Loayza, 2005; Wolf, 2005; Demir, 2009). Following
Hnatkovska & Loayza (2005), we apply a workable method to test whether
we can detect any difference in the impact of ”‘normal”’ versus ”extreme”’
volatility, further disentangling the relative impacts of negative and positive
fluctuations to verify the net effects on consumption of alternative periods of
crisis and boom volatility. Furthermore, following the literature in the field
(Carroll and Samwick, 1997; Hubbard et al., 1994; Gourinchas and Parker,
2002; Meghir and Pistaferri, 2004; Storesletten et al., 2004; Krebs, 2005) we
also test the rolling standard deviation of life time consumption innovation
for each country in the panel, derived from the residual of its consumption
process.19 Also for this measure, following Carroll and Samwick (1997), we
provide a further distinction for each country i between innovations to per-
manent consumption and transitory shocks to consumption as follows:

s2
pi

= υid − υid−1 (13)

s2
ei

=
υid−1 − (d− 1)sp2

i

2
(14)

where υid is the variance of log difference of consumption of length d for
each country in the sample.20 We assume that E(s2

pi
) = σ2

p and E(s2
ei

) = σ2
ε

where σ2
p and σ2

ε are the variances of the permanent and transitory shocks
to consumption, respectively. This variance decomposition method is robust
to MA(1) serial correlation in the transitory shocks since we adopt d ≥ 1
(additional details of both decomposition methods are provided in Appendix
B).

18While risk is in fact the predictable component of consumption volatility (i.e., prob-
abilities can be meaningfully defined in terms of relative frequencies), uncertainty is, by
definition, its “unpredictable component” (Knight, 1921).

19Following Gosh and Ostry (1997), we apply the following univariate autoregression
process of the first differences of observed per capita consumption time series:

∆ct = ψ∆ct−1 + εt (12)

20Please note that under the hypothesis of absence of unpredictable growth, the average
log difference is zero. Hence, υid comes out to be equal to the log difference.
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3.2 Assessing the impact of macro-fluctuations in income

Recalling Caroll (2001)’s concerns about the use of the standard log-linearised
consumption Euler equations21, we provide an additional test, by looking
directly at income shocks. Here, however, a complication arises, since the
adoption of the Constant Relative Risk Aversion (CRRA) isoelastic utility
function - which is standard in models of precautionary saving (Carroll 1992,
and 1998; Carroll and Samwick, 1997; Deaton 1992; Zeldes 1989, Skinner
1988) - and a stochastic income process do not allow a closed form solution.22

To assess the cost of fluctuations in income, therefore, the only solution
remaining is to apply a negative exponential utility function with Constant
Absolute Risk Aversion (CARA), which allows for a closed form solution for
the consumption function.23 Unfortunately, the CARA application also has
its drawbacks since it implies that the degree of risk aversion is constant
(i.e., independent of the level of individual resources) and it does not rule
out negative consumption, especially early in life if assets are low and income
innovations are variable (Deaton, 1992).

Blanchard and Fischer (1989), Caballero (1990 and 1991), Weil (1990),
Guiso et al., (1992), Lyhagen (2001), among others, assume that agents
maximise the expected value of the following time-separable utility function
over an infinite horizon:

max−1

ρ
E

x∑
i=0

βie−ρct+i (15)

where β is the discount rate and ρ is the degree of absolute prudence.24

Eq. (15) is subject to a standard budget constraint (such as wt = rwt−1 +

21Caroll (2001b) convincingly shows that the above standard methods for estimating log-
linearised consumption Euler equations cannot successfully uncover structural parameters
like the coefficient of relative risk aversion from a dataset of simulated consumers behaving
exactly according to the standard model.

22CRRA utility function is the following: U = C1−θ−1
1−θ where θ is the coefficient of

relative risk aversion and it is assumed θ > 0. It follows dα
dA > 0 but d(α/A)

dA = 0 where
prudence is: U ′′′ = θ2C−θ > 0.

23CARA utility function is the following: U(C) = − 1
αe
−αC where α is the coefficient of

absolute risk aversion (α = −U
′′

U ′ ) and α > 0.
24Here the degree of absolute prudence is assumed to be equal to the degree of absolute

risk aversion because of the use of exponential utility, see note 5.
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yt − ct where wt−1 is given) and a standard income stochastic process (such
as yt = λyt + (1− λ)ŷ+ εt where εtN(0, σ2). It can be shown (see Appendix
A) that in the simplified case where β = r and if income shocks are normally
distributed, the solution of the system is the following:

ct =
r − 1

r − λ
(yt +

1− λ
r − 1

ŷ + wt)−
ρr
r−λσ

2

r
(16)

where the first term of the right hand side of Eq. (16) is certainty equiv-
alent consumption, and its second term is precautionary saving. This latter
term increases, as usual, with the variance of income shocks, σ2, and the
degree of prudence, ρ, as well as the degree of persistence of the innovations
in income λ, (Reis, 2009). As suggested by Guiso et al., (1992) and Lyhagen
(2001), we can thus test the impact of income volatility in deviating repre-
sentative agents from the permanent consumption path using the familiar
panel version of Eq.(11) in income fluctuations, as follows:

cit = β̂1yit + β̂2cit−1 + β̂3σ
2
yid + uit + ϕ̂uit−1 (17)

where σ2
yid is now the rolling volatility of income of length d (i.e, over d

periods from t) for each country i and ϕ is the parameter of serial correlation
of the transitory component of consumption. β̂3 is again the parameter of
interest whose expected sign is always negative. It provides a measure of
the impact of income fluctuation on current per capita consumption, based
on CARA and permanent income hypotheses. As in the case of consump-
tion fluctuation, we provide separate estimates of total income volatility (as
baseline scenario) together with measures of volatility of income life time
innovations, as well as the differentiated impacts of various decomposition
methods based on Hnatkovska & Loayza (2005) and Carroll and Samwick
(1997) (see Appendix B).

4 Cross-country estimates

Fig. 1 provides a glance about the long run relationship between volatility
of per capita consumption growth and per capita GDP across our sample of
147 countries (the full list of countries included in the sample is provided in
Table 1 in Appendix C) in the period 1950-2009. It highlights the presence of
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strong heterogeneity in consumption volatility according to the income lev-
els of the countries in the sample. More specifically, richer countries show a
lower degree of consumption volatility, while poorer ones show higher degrees
of consumption volatility and more mixed performances.This well known evi-
dence leads us to investigate whether the existence of differences in countries’
income levels actually produces diversified effects in their precautionary sav-
ing behaviour to aggregate volatility. Hence, to control specifically for this
source of countries’ heterogeneity, we estimate the model by income deciles
too.25

Figure 1:

Volatility and per capita GDP in the long run

Deciles are calculated by decades according to the average per capita
income of each country in each decade. We thus estimate both Eq. (11)
and Eq. (17) for the entire period 1950-2009, and also by decades, using
the following variables (data are from the latest PWT 7.0 database): the
consumption share of real gross domestic product per capita (as a proxy for
per capita consumption in real terms) and real GDP chain per worker (2005
Constant Prices) as a proxy for labour income in real terms.

25Additional sources of countries’ heterogeneity are captured by controlling for countries’
fixed effect in our panel estimates.
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4.1 The dynamic panel model

Eq. (11) and (17) are two examples of reduced forms aimed at assessing the
long term level of consumption according to both the theory of permanent
consumption and the theory of precautionary saving. However, the presence
of the lagged dependent variable requires to take care of the likely incon-
sistency of estimators induced by the fact that, by construction, unobserved
panel-level fixed effects are correlated with the lagged dependent variable. To
this end, and also to control for measurement errors in the analysis, we rely
on consistent GMM estimators (Arellano and Bond, 1991)26. Furthermore,
in Eq.(11) the error term is assumed to be correlated with average volatility,
because of the use of observed variables in place of the expected ones (see
subsection 3.1). To this end, in estimating Eq.(11) we allow the error term
at time t to have some feedback on the subsequent realisations of volatility
at time t.27 Moreover, we should be wary of the moving-average correlation
in the idiosyncratic errors, which is essential in order to capture the presence
of heteroschedasticity due to persistence of the second moments of consump-
tion (induced by its transitory component). This implies: firstly, only lags
three or higher should be considered as valid instruments for the differenced
composite error, since ût−2 is the farthest lag that appears in the differenced
equation; second, lagged-levels are spurious instruments because of the per-
sistent nature of the process. Hence, following Arellano and Bover (1995) and
Blundell–Bond (1998), an additional moment condition has been applied to
the level equation (constructed with the second lag of our dependent variable
as an instrument).28

26Arellano & Bond (1991) build on Holtz-Eakin, Newey, and Rosen (1988) to identify
how many lags of the dependent variable, the predetermined variables, and the endogenous
variables are valid instruments and how to combine these lagged levels with first differences
of the strictly exogenous variables into a potentially large instrument matrix. Using this
instrument matrix, Arellano and Bond (1991) derive the corresponding one-step and two-
step GMM estimators, as well as the robust VCE estimator for the one-step model

27More formally, it means assuming volatility as pre-determined variable, i.e.,
E(volisεit)=0 for s ≤ t and E(volisεit)6=0for s > t. Consequently, we can use lagged
values of volatility as instrument only for the period where it is unrelated with the error
term.

28Arellano and Bover(1995) and Blundell and Bond (1998)] propose to use additional
moment conditions in which lagged differences of the dependent variable are orthogonal to
levels of the disturbances. To get these additional moment conditions, they assumed that
the panel-level effect is unrelated to the first observable first-difference of the dependent
variable.
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Heteroskedasticity consistent standard errors robust to the spatial depen-
dence of panel data are provided as well.29 It must be noted also that the
first differentiation procedure removes any time invariant components of the
model. However, although observed variables are in real terms, we control
for the presence of time variant fixed effects, i.e. omitted country specific
factors that change every year (other than consumption volatility). Like all
GMM estimators, the consistency of these estimates depends strictly on the
validity of the moment conditions used. Unfortunately, there is no method
to test this validity. The Sargan test for over-identifying restrictions is not
applicable in this case since the errors are not independently and identically
distributed. However, the Arellano-Bond test for serial correlation in the
first-differenced errors at order 2 confirms the hypothesis of no serial corre-
lation in the first-differenced errors.30

As already underlined, the parameter of interest in each case is β̂3, whose
expected sign is negative. Its empirical assessment provides a first empiri-
cal test, on average and ceteris paribus, worldwide and in the long-run, of
consumption behaviour under risk.

Table 1 shows the outcomes for the baseline consumption model (Eq.
[8]) of our cross-country empirical estimates. Outcomes are presented for the
entire sample of countries and the entire period (1950-2009), by deciles and by
decades. As is apparent from the table, our permanent consumption model
fits well the empirical data. In all the empirical exercises the Arellano Bond
test strongly supports the hypothesis of no serial correlation in the errors.
All coefficients are significant and show the expected signs. The estimated
long-run marginal and average propensity to consume is closer to one in all
the proposed versions of the baseline model (recall that k = β̂1/(1 − β̂2)).

29The assumption that the disturbances of a panel model are cross-sectionally indepen-
dent is often inappropriate (so called ”pure heteroschedasticity”). Provided that the unob-
servable common factors are uncorrelated with the explanatory variables, the coefficient
estimates from standard panel estimators are still consistent (but inefficient). However,
standard error estimates of commonly applied covariance matrix estimation techniques
are biased and hence statistical inference that is based on such standard errors is invalid
(see Driscoll and Kraay, 1998; Hoechle, 2007).

30Please note that rejecting the null hypothesis of no serial correlation in the first-
differenced errors at order zero does not imply model misspecification because the first-
differenced errors are serially correlated if the idiosyncratic errors are independent and
identically distributed. It is only rejection of the null hypothesis of no serial correlation
in the first-differenced errors at an order greater than one which implies model misspeci-
fication.
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Looking at the estimates by deciles, developing countries show, as expected,
the highest sensitivity of consumption to current income.

Table 1:

Dynamic Panel Estimates with MA(1) specification - dep.var: log of pc consumption
(baseline model)

Baseline All 1960-69 1970-79 1980-89 1990-99 2000-09

pc gdp worker (log) 0.240*** 0.242*** 0.238*** 0.322*** 0.442*** 0.287***

(6.05) (5.48) (3.68) (4.26) (9.88) (6.23)

L. pc consumption (log) 0.756*** 0.720*** 0.722*** 0.624*** 0.484*** 0.668***

(23.31) (13.84) (9.49) (7.09) (9.29) (12.68)

N 8005 1090 1409 1537 1745 1642

ArellanoBond Test 0.628 1.938 -0.282 -1.317 1.101 1.037

Prob≥z 0.530 0.055 0.778 0.188 0.271 0.300

FE year Yes Yes Yes Yes Yes Yes

Baseline dec1 dec2 dec3 dec4 dec5 dec6 dec7 dec8 dec9 dec10

pc gdp worker (log) 0.201*** 0.195*** 0.270*** 0.193*** 0.158*** 0.197*** 0.215*** 0.133*** 0.141** 0.0284

(6.09) (4.63) (7.99) (4.03) (4.96) (5.38) (3.32) (5.10) (2.64) (1.40)

L. pc consumption (log) 0.762*** 0.775*** 0.675*** 0.775*** 0.817*** 0.772*** 0.752*** 0.847*** 0.842*** 0.971***

(18.02) (15.57) (15.62) (13.71) (21.12) (18.25) (9.98) (27.93) (13.85) (43.63)

N 769 803 778 740 749 738 696 764 827 559

ArellanoBond Test 0.602 -0.755 -0.317 -1.246 1.146 1.169 0.761 -0.811 0.960 -0.676

Prob ≥z 0.547 0.450 0.751 0.213 0.252 0.242 0.447 0.417 0.337 0.499

FE year No No No No No No No No No No

Table 2 reports the estimates for our various proxies of aggregate con-
sumption and income volatility (again for the entire sample of countries and
the entire period, by decades and by deciles). For brevity, the parameters
for the baseline consumption regression of the volatility exercises are not re-
ported in the table (they do not show significant changes across the various
volatility models) and only outcomes for volatility of lengths 5 and 10 are
reported. According to the outcomes of Table 2, cross-country and in the
long-run, the coefficients of all the reported measures of consumption volatil-
ity show, on average and ceteris paribus, a robust negative relationship with
current per capita consumption. Hence, they suggest that the standard per-
manent consumption model actually suffers for omitted variables bias if one
does not control for consumption volatility, highlighting the presence of a
significant amount of extra saving. If we break down our panel by decades
(going backwards from the last available observation)31 we noticed this neg-
ative relationship holds only from the nineties onwards (hence, it seems to
be a very recent phenomenon). If we look at the estimates by deciles (i.e.,
controlling for income heterogeneity) we notice that the phenomenon is ro-

31We set up the following decades: decade 1 (1960-1969); decade 2 (1970-1979); decade
3 (1980-1989); decade 4 (1990-1999); decade 5 (2000-2009). Results for decade 1950-1959
are not available since we cannot observe consumption volatility for d periods ahead.
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bust across deciles (with the exception of deciles 2 and 4), highlighting the
presence of extra-saving in the poorest countries also.

Table 2:

Dynamic Panel Estimates with MA(1) specification - dep.var: log of pc consumption
(proxies for consumption volatility)

Proxies of consumption volatility (*) All 1960-69 1970-79 1980-89 1990-99 2000-09

pc cons vol d5 -0.337*** -0.523** -0.539** -0.278 -0.379** -0.352**

(-5.11) (-2.59) (-2.78) (-0.91) (-2.80) (-2.60)

pc cons vol d10 -0.457*** -0.306 -0.423 -0.636 -0.862*** -0.583**

(-4.38) (-0.69) (-1.30) (-0.74) (-4.75) (-2.83)

pc consinn vol d5 -0.326*** -0.165 -0.514* -0.303 -0.461** -0.311*

(-4.60) (-0.82) (-2.47) (-0.92) (-3.09) (-2.52)

pc consinn vol d10 -0.523*** 0.0330 -0.442 -0.856 -0.952*** -0.619***

(-5.25) (0.07) (-1.03) (-1.21) (-5.38) (-3.35)

FE year Yes Yes Yes Yes Yes Yes

Proxies of consumption volatility (*) dec1 dec2 dec3 dec4 dec5 dec6 dec7 dec8 dec9 dec10

pc cons vol d5 -0.136* 0.0855 -0.249* -0.0212 -0.579 -0.473** -0.426* -0.232 0.0712 -0.0878***

(-2.22) (0.72) (-2.56) (-0.24) (-1.71) (-3.13) (-2.18) (-1.69) (0.57) (-4.53)

pc cons vol d10 0.157 -0.218 -0.380** 0.118 -0.795* -0.473 -0.838** -0.204 -0.737*** -0.175***

(0.90) (-1.25) (-2.63) (0.71) (-2.23) (-1.92) (-2.67) (-1.64) (-5.39) (-3.84)

pc consinn vol d5 -0.170* 0.0796 -0.238 -0.0437 -0.583 -0.448** -0.391* -0.187 -0.213* -0.105***

(-2.13) (0.64) (-1.96) (-0.62) (-1.71) (-2.78) (-2.15) (-1.32) (-2.43) (-5.55)

pc consinn vol d10 0.158 -0.194 -0.376* 0.100 -0.923** -0.458 -0.785** -0.223 -0.683*** -0.283***

(0.99) (-1.08) (-2.20) (0.58) (-2.62) (-1.74) (-3.26) (-1.69) (-4.30) (-6.65)

FE year No No No No No No No No No No

(*) variables tested in different models; reported standard errors below the corresponding coefficients are robust to het-
eroskedasticity

The same negative relationship holds, cross-country on average and ce-
teris paribus, between per capita consumption and our various proxies of
income volatility Table 3. However, this relationship turns out to be sig-
nificant, overall, for larger d and less spread out across income deciles (it is
significant in deciles 4, 5, 7, 8 and 9). Finally, consistent with the estimates
on consumption volatility, estimates by decades confirm this relationship to
be a very recent phenomenon.

Tables 4 and 5 provide estimates for the various sub-components of con-
sumption and income volatility (see Appendix C). The first four rows of
both tables show the coefficients for both permanent and transitory shocks.
It is worth noting that they are not significant if we look at the entire sam-
ple and period of observation. However, they turn out to be significant by
income deciles, even if positively correlated with consumption in the lowest
deciles. Furthermore, our estimates consistently highlight that permanent
shocks are significant larger in magnitude than transitory ones. The decom-
position between normal and extreme volatility of consumption is significant
too (see from the 5th to the 8th rows). Its significance holds for the en-
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Table 3:

Dynamic Panel Estimates with MA(1) specification - dep.var: log of pc consumption
(proxies for income volatility)

Proxies of income volatility (*) All 1960-69 1970-79 1980-89 1990-99 2000-09

pc gdp vol d5 -0.193 -0.200 -0.224 0.130 -0.274 -0.872***

(-1.24) (-0.69) (-1.16) (0.54) (-0.60) (-4.05)

pc gdp vol d10 -0.312* 0.161 -0.366 0.516 -0.503 -1.291***

(-2.41) (0.26) (-0.97) (1.18) (-0.98) (-3.51)

pc gdpinn vol d5 -0.217 0.0826 -0.437 0.0661 -0.248 -0.718***

(-1.28) (0.31) (-1.67) (0.32) (-0.49) (-4.08)

pc gdpinn vol d10 -0.403* 0.631 -0.384 -0.0350 -0.533 -1.482***

(-2.41) (0.78) (-0.94) (-0.12) (-1.00) (-3.35)

FE year Yes Yes Yes Yes Yes Yes

Proxies of income volatility (*) dec1 dec2 dec3 dec4 dec5 dec6 dec7 dec8 dec9 dec10

pc gdp vol d5 -0.140 0.103 -0.521*** -0.344 -0.266 -0.452 -0.370 -0.185** 0.233*** 0.0102

(-0.94) (1.01) (-4.21) (-1.41) (-1.32) (-1.59) (-1.91) (-2.76) (4.94) (0.02)

pc gdp vol d10 0.250* -0.0149 -0.969*** -0.156 -0.613*** -0.784 -1.384* -0.327** -0.340* 0.307*

(2.17) (-0.12) (-5.33) (-0.63) (-7.22) (-1.60) (-2.23) (-2.75) (-2.23) (2.35)

pc gdpinn vol d5 -0.176 0.0819 -0.527*** -0.226 -0.214 -0.496 -0.522* -0.164** -0.0517 -0.285

(-1.00) (0.63) (-3.67) (-1.14) (-1.06) (-1.50) (-2.10) (-2.70) (-1.15) (-1.50)

pc gdpinn vol d10 0.215 -0.0525 -1.078*** -0.231 -0.708*** -1.061 -1.385* -0.352** -0.256 -0.181

(1.69) (-0.31) (-4.89) (-0.90) (-7.64) (-1.85) (-2.03) (-2.70) (-1.58) (-1.02)

FE year No No No No No No No No No No

(*) variables tested in different models; reported standard errors below the corresponding coefficients are robust to het-
eroskedasticity

tire sample and is widespread across deciles. The decomposition of extreme
volatility between crisis and boom volatility (respectively, the extreme fluc-
tuations above and below a specified band, see Appendix B) is significant
too. Also in this case, in the lowest decile, normal volatility is positively
correlated with consumption, while extreme, and especially crisis volatility,
are negatively correlated. It must be noted as well that all the above de-
compositions are more significant from the nineties onwards. Estimates on
income volatility are consistent with those of consumption volatility even if,
as usual, slightly less significant (Table 5). However, a significant and pos-
itive correlation between permanent and transitory innovation of income is
not only confirmed for the lowest income decile but becomes the net effect for
the entire sample. In the lowest income deciles crisis volatility is confirmed
to be an issue in the case of income volatility also.

To summarise, our long-run cross-country empirical exercise reports sub-
stantial evidence of a robust negative relation between observed per capita
consumption and macro-volatility (especially in consumption and to a lesser
extent in income), on average and ceteris paribus, for long panel data and
a large sample of ”representative agents” in different countries (147 coun-
tries). It suggests the need to be aware of a likely omitted variable bias in
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performing analysis on permanent consumption without controlling for risk.
However, the analysis of standardised coefficients32, reported in Table 6 for
all the sample and last decade of the analysis, demonstrates that the rel-
ative impact of observed volatility on consumption is low. Hence, even if
our results are consistent with the previous empirical literature on the issue
and with the theory of precautionary saving, we cannot support empirically
the hypothesis made by Loayza et al., (2007) of a substantial welfare loss
if deviating from a smooth path of consumption. Nevertheless, our analy-
sis suggests that countries in the lower deciles of the distribution register in
the long-run, on average and ceteris paribus, also lower current consumption
(i.e., ”extra savings”) because of aggregate volatility, especially crisis volatil-
ity. This evidence holds across decades but has become more significant in
recent years.

4.2 An Autoregressive Distributed Lags (ARDL) version of the
consumption model

According to the permanent income hypothesis, consumption should track in-
come over the life-cycle and predictable life-cycle changes in income help pre-
dict consumption changes. This is assumed in an aggregate framework thanks
to the turnover of generations which transmits income growth into consump-
tion growth (Deaton, 1992). However, in the short-run, data show excess
sensitivity of current consumption to current income (i.e., a relative higher
sensibility of consumption to its transitory component, which is likely linked
to imperfect information and the correlated small individual mistakes in con-
sumption choices). As detected in Table 2, this issue is particular evident, on
average and ceteris paribus, for the poorest countries in the sample. It means
technically that, according to the permanent income hypothesis, consump-
tion and total income are co-integrated (consumers take some time to adjust
their consumption towards the long run equilibrium). In this respect, even
if consistent with the theory of permanent consumption and precautionary
saving, the above estimates need improvements. The GMM Arellano and
Bond estimates focus only on the long-term relation between consumption

32standardised coefficients are the estimates resulting from an analysis carried out on
standardised variables. This is usually done to address the issue of which independent
variable has a greater effect on the dependent variable in a multiple regression analysis,
when the variables are measured in different units of measurement.
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Table 6:

Dynamic Panel Estimates with MA(1) specification - dep.var: log of pc consumption
(standardised coefficients for all countries)

1960-2009 Baseline Proxies of consumption volatility (*) Proxies of income volatility (*)

pc gdp worker (log) 0.257*** 0.260*** 0.327*** 0.266*** 0.329*** 0.226*** 0.275*** 0.232*** 0.282***

(6.25) (7.09) (8.14) (7.21) (8.37) (7.06) (9.37) (7.49) (9.90)

L. pc consumption (log) 0.758*** 0.748*** 0.684*** 0.744*** 0.686*** 0.766*** 0.709*** 0.760*** 0.709***

(23.70) (25.60) (20.45) (25.00) (21.11) (22.56) (21.92) (22.99) (21.85)

pc cons vol d5 -0.0122***

(-3.38)

pc cons vol d10 -0.0189***

(-3.54)

pc consinn vol d5 -0.0116**

(-3.20)

pc consinn vol d10 -0.0187***

(-3.67)

pc gdp vol d5 -0.007

(-1.24)

pc gdp vol d10 -0.011*

(-2.41)

pc gdpinn vol d5 -0.008

(-1.28)

pc gdpinn vol d10 -0.014*

(-2.41)

N 8005 7144 6270 6973 6089 7075 6167 6893 5986

ArellanoBond Test 0.680 0.704 0.750 0.569 0.686 0.781 0.845 0.678 0.934

P≥z 0.496 0.481 0.453 0.569 0.492 0.434 0.398 0.497 0.350

FE year yes yes yes yes yes yes yes yes

2000-2009 Baseline Proxies of consumption volatility (*) Proxies of income volatility (*)

pc gdp worker (log) 0.396*** 0.260*** 0.448*** 0.420*** 0.461*** 0.409*** 0.449*** 0.403*** 0.469***

(5.80) (7.09) (5.50) (6.02) (5.52) (6.67) (7.60) (5.99) (7.71)

L. pc consumption (log) 0.651*** 0.748*** 0.586*** 0.617*** 0.577*** 0.633*** 0.589*** 0.640*** 0.572***

(12.34) (25.60) (8.24) (10.50) (7.89) (12.90) (11.56) (11.81) (10.52)

pc cons vol d5 -0.0122***

(-3.38)

pc cons vol d10 -0.0258**

(-2.59)

pc consinn vol d5 -0.0136*

(-2.07)

pc consinn vol d10 -0.0264**

(-2.94)

pc gdp vol d5 -0.0273**

(-3.18)

pc gdp vol d10 -0.0385**

(-3.02)

pc gdpinn vol d5 -0.0210**

(-3.00)

pc gdpinn vol d10 -0.0433**

(-2.87)

N 1642 1636 1573 1634 1550 1634 1566 1631 1542

ArellanoBond Test 1.062 1.120 0.882 0.971 0.777 1.146 0.965 0.942 0.849

P≥z 0.288 0.263 0.378 0.331 0.437 0.252 0.335 0.346 0.396

FE year yes yes yes yes yes yes yes yes

(*) reported standard errors below the corresponding coefficients are robust to heteroskedasticity
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and income (although the moment conditions use first-differenced errors, the
Arellano-Bond procedure estimates the coefficients of the level model), taking
account of the role of cyclical movements via the autocorrelation component
of the errors. It does not provide a full account of the separate (short term
and long term) components of consumption function as well as the adjust-
ment mechanism that links short term and long term consumption-income
equilibria. Moreover, Fisher-type tests suggest ”unit-root” problems even
when cross-sectional averages and linear time trends are taken explicitly into
account.33 A suitable way to provide more robust empirical estimates of
the above link is to apply an Autoregressive Distributed Lags (ARDL) con-
sumption function. By applying an Error Correction Model (ECM), this
framework is able to link both the short term and long term components of
consumption function in a way which is consistent with the standard stylised
facts on consumption (i.e., consumption proportional to permanent income
in the long-run and to current income in the short-run, see section 3).34

The generic form of the Autoregressive Distributed Lags-ARDL (p,q)
process applied to consumption function is the following:

Ct = β0 + β1Yt + β2Yt−1 + ...+ βpYt−p + γ1Ct−1 + γqCt−q + ut

The aim is to reach a version of this ARDL process with errors white noise
and the minimum amount of lags. To this end, we start applying the following
ARDL (1,1) process:

Ct = β0 + β1Yt + β2Yt−1 + β3Ct−1 + ut (18)

33Following up Im–Pesaran–Shin (IPS) approach, Fisher test performs a unit-root test
on each panel’s series separately, then combine the p-values to obtain an overall test of
whether the panel series contains a unit root. The starting point for the test is a set of
Dickey–Fuller regressions of the form: ∆Yit = φiYit−1 + Zitγi + εit where φi is panel-
specific. The null hypothesis is H0 : φi = 0 for all i versus the alternative Ha : φi < 0.
Zitγi represent panel-specific means (fixed effects) and linear time trends that describes
the process by which the series is generated. Our test uses Newey–West (1987) standard
errors (i.e., based on heteroskedasticity- and autocorrelation-consistent covariance matrix
estimator) to account for serial correlation.

34An ECM is commonly used when both short-run dynamics and long-run economic
relationship among the variables need to be considered. A formal explanation of the
dependent variable variations is attempted in terms of the function of the explanatory
variable variations, and the delayed deviation in the theoretical relationship. Also, the
ECM specification allows all the available information to be extracted from the data with-
out infringing, a priori, the classical hypotheses and, if the equilibrium relation has been
correctly specified, the long-run deviation series will be stationary (Engle and Granger,
1987).
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Eq.(18) can be transformed as follows:

Ct − Ct−1 = ∆Ct = β0 + β1∆Yt + (β2 + β1)Yt−1 + (β3 − 1)Ct−1 + ut (19)

From Eq.(18) we can derive also the steady state equation as follows35:

C∗ =
β0

(1− β3)
+
β1 + β2

(1− β3)
Y ∗ (20)

where β1+β2

(1−β3)
is the long term propensity of consumption β. Hence β2 =

β(1− β3)− β1. Thus, if one takes into account the steady state (long term)
equilibrium in Eq.(19), it can be transformed as follows:

∆Ct = β0 + β1∆Yt + (1− β3)[Ct−1 − βYt−1] + ut (21)

where [Ct−1 − βYt−1] is the error correction mechanism (Hendry, 1995;
Hamilton, 1994); β is the long term parameter; β1 is the short term parameter
(it is attached to variables in differences) and (1 − β3) is the speed of the
adjustment process from short term to long term equilibrium (the EC term).

Eq. (21) can be estimated without constraints as follows:

∆Ct = β0 + β1∆Yt − (1− β3)Ct−1 − β(1− β3)Yt−1 + ut (22)

Hence, the following empirical model can be derived:

∆Ct = δ0 + δ1∆Yt + δ2Ct−1 + δ3Yt−1 + ut (23)

where:
δ0 = β0 [the constant]
δ1 = β1 = c [the short run propensity of consumption]
δ2 = −(1− β3) = [i.e. the EC term]
δ3 = β(1− β3) [where β is the long term propensity of consumption]
The consistency of this model with permanent consumption theory is

generally acknowledged by the following empirical condition −δ2 = δ3 (i.e.,

35It is worth recalling here that in steady state variables are supposed to be in equilib-
rium at a constant level as follows:
Ct = Ct−1 = C∗ and Yt = Yt−1 = Y ∗
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β = 1). Since in equilibrium, σ2
id = 0 by definition, we can test the role of

macro-volatility (as a proxy of uncertainty) similarly to what already done
in Eq. (11) and Eq.(17), as follows:

∆cit = δ0 + δ1∆yit + δ2cit−1 + δ3yit−1 + δ4σ
2
id + uit (24)

where cit and yit are natural logs of real per capita income and consump-
tion for each country i; σ2

id is, as usual, the rolling volatility of consump-
tion/income income over length d, proxied, as usual, by the standard devi-
ation of the first differences of per capita consumption/income (Aizeman &
Pinto, 2005, Wolf, 2005) together with measures of volatility of /consump-
tion/income life time innovations, as well as the differentiated impacts of
various decomposition methods based on Hnatkovska & Loayza (2005) and
(Carroll and Samwick, 1997) (see Appendix B). δ4 is now the parameter of
interest, whose expected sign cannot however be determined a priori. Ac-
cording to Eq. (16), for a representative consumer, it should be positive
since an increase in uncertainty is supposed to be associated with higher
consumption growth (which is assumed to reflect higher saving). As Guiso
et al. (1992) and Carroll and Samwick (1995) suggest, however, uncertainty
is not supposed to depress consumption forever. Holding more wealth is the
appropriate response. To this end, while a consumer facing higher uncer-
tainty will initially have to depress consumption more in order to build up
larger stock of wealth, in the steady state of a buffer-stock saving model there
should be no apparent relation between uncertainty and current consumption
across consumers already holding the optimal buffer stock (Hubbard et al.,
1994). As a result, since our estimates cannot control for household wealth,
we cannot determine the sign of δ4 a priori

To estimate the unconstrained Eq. (24) and to control also for possible
measurement errors in the data, we rely again on the consistent GMM esti-
mator (Arellano and Bond, 1991). Unlike the previous estimates, Eq. (24)
now takes explicitly into account the impact of the short term fluctuations
of income on consumption other than their long term relationship, as well as
the speed of adjustment of consumption to its long term level. Hence, the
residuals of our ARDL specification are not expected to show any systematic
component.36 Furthermore, Fisher type tests now confirm the absence of a

36According to Engle and Granger (1987)’s contribution, if a long term relationship
of two (or more than two) non stationary variables exists, there is also a cointegration
relationship (i.e., a stationary linear combination) between them.
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“unit-root” problem. However, here we assume again volatility as a prede-
termined variable to control for the likely correlation between volatility and
errors determined by replacing expected values with observed means. We
thus apply four lags to be considered as valid instruments. Furthermore, as
in the level equation, an additional moment condition has been applied con-
structed as the third lag of the dependent variable. It should be noted that
in this case also the first differentiation procedure removes any time invariant
components of the model. To address the issue of time-varying unobserved
heterogeneity we control however for time variant fixed effects. Finally, we
control for heteroskedasticity for the spatial dependence of panel data.

Tab.7 shows the outcomes for our ARDL baseline model. The ARDL
estimates are consistent with the permanent theory of consumption too. All
coefficients are significant and show the right signs. Again, the consumption
smoothing hypothesis holds across countries (this is now demonstrated by
the condition: −δ3=δ4) while the Arellano-Bond test shows high significance
for absence of serial correlation in the errors. The significant lower speed of
adjustment to the long-term equilibrium of the poorest and richest countries
in the sample should be noted as well (see the dynamic across deciles of the
parameter δ2).

From Table 8 the negative incidence of volatility in depressing current
consumption is confirmed in the poorest countries in the sample (they show a
significant and positive impact of 10 year consumption volatility on consump-
tion growth). This coupled with a slow pace of adjustment to the long-term
equilibrium can produce in the medium-term a negative incidence of volatil-
ity in consumption perspectives for these countries. Conversely for some of
the other countries gathered in different deciles - and for the overall sam-
ple - a significant negative relationship between volatility and consumption
growth is apparent from our estimates. This empirical evidence is appar-
ently at odds with what is expected by the theory of precautionary saving.
However, as underlined above, since we cannot control for household stock
of wealth we cannot actually have a clear expectation about the sign of the
volatility/consumption relationship in our empirical exercise. Furthermore,
empirical cross-country studies have consistently found that macro-volatility
exerts a significant negative impact on long-run growth (see, among others,
Loayza et al., 2007). The most common explanation is that the negative
income growth volatility nexus in a long run perspective has indirect welfare
cost by hampering future consumption possibilities. Other possible expla-
nations are the presence of risky assets (Dercon, 2004; Elbers et al., 2009;
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Table 7:

ARDL Panel Estimates, dependent variable: log difference of pc consumption (baseline
model)

Baseline All 1960-69 1970-79 1980-89 1990-99 2000-09

diff pc gdp worker (log) 0.661*** 0.534*** 0.579*** 0.618*** 0.842*** 0.770***

(12.84) (4.42) (6.56) (10.83) (10.91) (5.23)

L. pc consumption (log) -0.131*** -0.242*** -0.153*** -0.238*** -0.296*** -0.253***

(-6.53) (-4.18) (-3.42) (-5.30) (-4.22) (-6.84)

L. pc gdp worker (log) 0.114*** 0.219*** 0.118** 0.189*** 0.291*** 0.268***

(5.43) (4.03) (3.23) (3.76) (3.74) (6.08)

cons 0.0301 -0.107 0.116 0.126 -0.354 -0.459**

(0.36) (-0.71) (0.55) (0.52) (-1.61) (-3.06)

N 7990 1089 1406 1531 1743 1640

ArellanoBond Test 0.888 1.776 -0.168 -0.319 0.941 1.162

Prob ≥z 0.482 0.077 0.866 0.749 0.347 0.245

FE year Yes Yes Yes Yes Yes Yes

Baseline dec1 dec2 dec3 dec4 dec5 dec6 dec7 dec8 dec9 dec10

diff pc gdp worker (log) 0.740*** 0.589*** 0.817*** 0.674*** 0.616*** 0.877*** 0.897*** 0.575*** 0.684*** 0.736**

(6.56) (4.34) (9.06) (4.27) (11.75) (5.94) (3.98) (4.47) (4.95) (3.07)

L. pc consumption (log) -0.0947*** -0.130*** -0.153*** -0.169*** -0.119* -0.108*** -0.197*** -0.110*** -0.0504*** -0.0308***

(-3.54) (-4.81) (-3.53) (-4.79) (-2.22) (-3.73) (-4.31) (-8.01) (-6.13) (-5.48)

L. pc gdp worker (log) 0.0484* 0.131*** 0.123* 0.179*** 0.120 0.120*** 0.210*** 0.112*** 0.0583*** 0.0176

(2.22) (4.49) (2.48) (5.32) (1.92) (3.94) (3.84) (5.62) (5.85) (0.90)

cons 0.231 -0.148 0.0429 -0.301 -0.165 -0.258** -0.400 -0.178 -0.141* 0.116

(1.65) (-1.34) (0.18) (-1.82) (-0.65) (-2.94) (-1.64) (-1.08) (-2.04) (0.51)

N 769 803 777 738 745 735 695 763 827 557

ArellanoBond Test -0.462 0.781 0.497 -0.908 1.281 1.062 0.767 1.165 0.371 0.00819

Prob ≥z 0.644 0.435 0.619 0.364 0.200 0.288 0.443 0.244 0.710 0.993

FE year No No No No No No No No No No

Gunning, 2010) as well as likely transfers of wealth from poorer to richer
households, the latter characterised by lower marginal propensity to con-
sume. Hence, if these arguments hold, a negative sign for the coefficient δ4

is plausible too. Results for consumption volatility are confirmed by Table
9with respect to income volatility (i.e., a significant and positive sign of 10
year income volatility in the case of decile 1 and a significant and negative
sign overall and for some countries gathered in different deciles). Finally,
the analysis by decades in both our empirical exercises (on consumption and
income volatility) confirm that the significance of the relationship between
volatility and consumption is a recent phenomenon.

Likewise, consistent with the previous estimates, Table 10 and Table 11
confirm that permanent shocks are much larger than transitory ones, while a
negative and robust relationship between consumption growth and extreme
(and crisis volatility) holds, especially in the poorest countries (deciles 1
and 2. Finally, the usual breakdown of panel data by decades confirms the
increased significance of the phenomenon in the last decade.

Last but not least, Tab.12 confirm (for brevity only outcomes for the
entire sample and last decade of the analysis are reported), a low relative
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Table 8:

ARDL Panel Estimates, dependent variable: log difference of pc consumption (proxies of
consumption volatility)

Proxies of consumption volatility (*) All 1960-69 1970-79 1980-89 1990-99 2000-09

pc cons vol d5 -0.159*** -0.409* -0.279* -0.229 -0.245* -0.218*

(-3.37) (-2.16) (-2.01) (-0.91) (-2.48) (-2.08)

pc cons vol d10 -0.313** -0.287 0.000959 -0.496 -0.613** -0.426*

(-2.58) (-0.77) (0.00) (-0.85) (-2.61) (-2.37)

pc consinn vol d5 -0.235* 0.0739 -0.0124 -0.197 -0.396** -0.411**

(-2.44) (0.40) (-0.08) (-0.62) (-2.97) (-2.61)

pc consinn vol d10 -0.326** -0.388 0.264 -0.271 -0.630** -0.463**

(-2.75) (-0.66) (0.82) (-0.46) (-2.80) (-2.62)

FE year Yes Yes Yes Yes Yes Yes

Proxies of consumption volatility (*) dec1 dec2 dec3 dec4 dec5 dec6 dec7 dec8 dec9 dec10

pc cons vol d5 -0.125 0.0673 -0.298*** 0.0772 -0.330 -0.290* -0.400* -0.0952 0.00941 -0.0207

(-1.95) (0.72) (-3.80) (0.80) (-1.51) (-2.38) (-2.20) (-1.32) (0.16) (-0.57)

pc cons vol d10 0.205*** -0.0530 -0.242** -0.00485 -0.341 -0.407 -0.797* -0.141 -0.669 -0.0416

(4.25) (-0.35) (-2.83) (-0.03) (-1.77) (-1.39) (-2.09) (-1.38) (-1.93) (-0.39)

pc consinn vol d5 0.0140 0.0481 -0.240** -0.123 -0.162 -0.379 -0.410* -0.0706 -0.00535 -0.00601

(0.34) (0.48) (-3.29) (-1.28) (-0.52) (-1.96) (-2.10) (-1.21) (-0.06) (-0.12)

pc consinn vol d10 0.214*** -0.0199 -0.219* -0.0430 -0.385* -0.425 -0.690** -0.141 -0.648 -0.185***

(4.71) (-0.12) (-2.26) (-0.23) (-2.06) (-1.42) (-2.66) (-1.17) (-1.83) (-4.60)

FE year No No No No No No No No No No

(*) variables tested in different models; reported standard errors below the corresponding coefficients are robust to het-
eroskedasticity

Table 9:

ARDL Panel Estimates, dependent variable: log difference of pc consumption (proxies of
income volatility))

Proxies of income volatility (*) All 1960-69 1970-79 1980-89 1990-99 2000-09

pc gdp vol d5 -0.165** 0.158 0.0410 0.160 -0.0196 -0.741**

(-2.86) (0.59) (0.30) (0.75) (-0.08) (-2.69)

pc gdp vol d10 -0.244* 0.0353 -0.00866 0.380 -0.397 -0.758*

(-2.47) (0.08) (-0.03) (0.75) (-1.33) (-2.16)

pc gdpinn vol d5 -0.195** 0.399 -0.0412 0.0856 0.0386 -0.648*

(-2.89) (1.17) (-0.24) (0.44) (0.16) (-2.29)

pc gdpinn vol d10 -0.267* 0.104 -0.0172 0.400 -0.402 -0.799*

(-2.47) (0.17) (-0.05) (0.63) (-1.24) (-2.07)

FE year Yes Yes Yes Yes Yes Yes

Proxies of income volatility (*) dec1 dec2 dec3 dec4 dec5 dec6 dec7 dec8 dec9 dec10

pc gdp vol d5 -0.0520 0.130 -0.472*** -0.248 -0.191 -0.353 -0.335 -0.129 0.165 0.0955

(-0.87) (1.72) (-4.61) (-0.92) (-1.65) (-1.24) (-1.76) (-1.35) (1.03) (0.29)

pc gdp vol d10 0.177* 0.0772 -0.689*** -0.231 -0.516*** -0.538 -1.208 -0.140 -0.249*** 0.362

(2.40) (0.85) (-3.71) (-0.73) (-5.41) (-1.01) (-1.68) (-1.64) (-5.32) (1.70)

pc gdpinn vol d5 -0.0514 0.184 -0.455*** -0.215 -0.128 -0.390 -0.390 -0.137 0.129 -0.172

(-0.71) (1.95) (-4.39) (-0.86) (-0.95) (-1.09) (-1.74) (-1.36) (0.98) (-1.24)

pc gdpinn vol d10 0.157* 0.133 -0.716** -0.348 -0.546*** -0.690 -0.910 -0.146 -0.217*** -0.125

(2.02) (1.05) (-3.21) (-1.05) (-6.77) (-1.16) (-1.38) (-1.54) (-3.31) (-0.53)

FE year No No No No No No No No No No

(*) variables tested in different models; reported standard errors below the corresponding coefficients are robust to het-
eroskedasticity
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impact of observed volatility on consumption growth as is apparent from the
reported standardised beta coefficients.

5 Conclusion

In contrast to previous works on the issue, we perform an empirical strategy
grounded on a consumption model based on the permanent income hypoth-
esis and take explicitly into account the role of persistence in consumption
and income volatility. Our empirical model confirms that macro-volatility
plays, in the long-run (1950-2009), on average and ceteris paribus, a signifi-
cant role in deviating consumption from its smoothing path and in reducing
future consumption perspectives. This empirical evidence holds across deciles
and decades, including the poorest ones, and is becoming more significant in
recent years.

This work confirms, on one hand, the results made by previous empirical
literature and suggests the need to be aware of a likely omitted variable bias
in performing analysis on permanent consumption without controlling for
precautionary saving. On the other hand, it supports the Lucas(1987)’ view
that the cost of fluctuations should be perceived to be low in terms of welfare
implications. It is worth noting, however, that in the poorest countries in
the sample the reduction of current consumption induced by macrovolatility
is coupled with a low speed of adjustment to the long-term equilibrium, with
negative welfare implications in the medium-run.

Our empirical evidence provides new insights into the long standing de-
bate about the costs of fluctuations. First, it shows that the poorest countries
hold a significant amount of ”extra saving”, in a long-run perspective, be-
cause of economic fluctuations. Second, it underlies that, on average, uncer-
tainty affects not only the volatility of consumption around its mean but the
mean itself (Elbers and Gunning, 2003) thus hampering future consumption
prospects.
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Table 12:

ARDL Panel Estimates, dependent variable: log difference of pc consumption
(standardised coefficients for all countries)

1960-2009 Baseline Proxies of consumption volatility (*) Proxies of income volatility (*)

diff pc gdp worker (log) 0.520*** 0.528*** 0.537*** 0.508*** 0.543*** 0.507*** 0.532*** 0.503*** 0.532***

(12.84) (11.64) (11.81) (11.46) (11.94) (11.37) (12.01) (11.37) (12.23)

L. pc consumption (log) -1.646*** -1.648*** -2.298*** -2.014*** -2.347*** -1.664*** -2.033*** -1.844*** -2.110***

(-6.53) (-5.59) (-5.69) (-6.79) (-6.95) (-5.90) (-6.84) (-7.26) (-9.12)

L. pc gdp worker (log) 1.522*** 1.657*** 2.099*** 1.800*** 2.131*** 1.472*** 1.860*** 1.660*** 1.956***

(5.43) (5.05) (5.35) (6.24) (6.85) (4.87) (5.96) (6.27) (8.46)

cons 0.389** 0.0282 -0.0988 -0.0340 -0.0590 -0.0814 -0.0642 -0.0133 -0.0133

(3.29) (0.41) (-1.55) (-0.54) (-0.85) (-1.21) (-1.06) (-0.21) (-0.21)

pc cons vol d5 -0.107***

(-3.37)

pc cons vol d10 -0.202**

(-2.58)

pc consinn vol d5 -0.151*

(-2.44)

pc consinn vol d10 -0.202**

(-2.75)

pc gdp vol d5 -0.0633

(-1.55)

pc gdp vol d10 -0.101

(-1.92)

pc gdpinn vol d5 -0.0621

(-1.46)

pc gdpinn vol d10 -0.0850

(-1.49)

N 7990 7131 6268 6960 6087 7075 6167 6893 5986

ArellanoBond Test 1687 1674 1681 1719 1669 1726 1681 1719 1669

P≥z -5.473 -5.575 -5.391 -5.628 -5.266 -5.359 -4.998 -5.272 -4.862

FE year 0.374 0.328 0.375 0.393 0.427 0.300 0.321 0.351 0.308

2000-2009 Baseline Proxies of consumption volatility (*) Proxies of income volatility (*)

diff pc gdp worker (log) 0.606*** 0.632*** 0.589*** 0.603*** 0.589*** 0.562*** 0.583*** 0.583*** 0.587***

(5.23) (5.86) (5.37) (5.97) (5.36) (5.74) (5.42) (5.81) (5.46)

L. pc consumption (log) -3.186*** -3.764*** -3.576*** -3.557*** -3.764*** -3.225*** -3.275*** -3.113*** -3.439***

(-6.84) (-6.15) (-4.51) (-5.45) (-3.68) (-4.97) (-4.55) (-4.96) (-4.70)

L. pc gdp worker (log) 3.578*** 3.938*** 3.198*** 3.211*** 3.056*** 2.862*** 2.884*** 2.835*** 2.742***

(6.08) (5.82) (4.65) (5.13) (3.88) (4.69) (4.79) (4.58) (5.10)

cons -0.0397 0.136 0.157 0.231* 0.216 0.0961 0.128 0.182* 0.0712

(-0.30) (1.46) (1.27) (2.31) (1.52) (1.00) (1.15) (2.10) (0.59)

pc cons vol d5 -0.155*

(-2.18)

pc cons vol d10 -0.274*

(-2.37)

pc consinn vol d5 -0.195*

(-2.17)

pc consinn vol d10 -0.381**

(-3.00)

pc gdp vol d5 -0.345**

(-2.71)

pc gdp vol d10 -0.357*

(-2.20)

pc gdpinn vol d5 -0.306*

(-2.33)

pc gdpinn vol d10 -0.346*

(-2.03)

N 1640 1635 1572 1633 1549 1634 1566 1631 1542

ArellanoBond Test 1.162 1.260 1.036 1.116 0.927 1.278 1.123 1.080 1.013

P≥z 0.245 0.207 0.300 0.264 0.354 0.201 0.261 0.280 0.311

FE year yes yes yes yes yes yes yes yes

(*) reported standard errors below the corresponding coefficients are robust to heteroskedasticity
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A The permanent consumption model and the cost of

fluctuations

Starting from the basic intuition that households wish to smooth consump-
tion and prevent it fluctuating with short run fluctuations in income, Fried-
man (1957) models consumption under the Permanent Income Hypothesis
(PIH).

Friedman’s (1957) model starts solving the following intertemporal choice
problem: 

max
Ct

∞∑
t=0

u(Ct)
(1+δ)t

s.t.
∞∑
t=0

Ct
(1+r)t

=
∞∑
t=0

Yt
(1+r)t

(25)

where u(Ct) is the ”felicity function”, r is the interest rate, δ is the so-
called ”time preference” (i.e. a subjective discount rate of consumption)
and the constraint is simply the intertemporal budget constraint (i.e. the
present value of consumption should be equal to the present value of income).
The hypothesis of infinite time horizon is standard in macroeconomics and
reasonable when the focus is on households and not on individuals.

To derive the Euler condition, it is sufficient to apply the following La-
grangian function:

Λ(Ct, λ) =
∞∑
t=0

u(Ct)

(1 + δ)t
+ λ(

∞∑
t=0

Yt
(1 + r)t

−
∞∑
t=0

Ct
(1 + r)t

) (26)
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and derive the first order conditions:
∂Λ
∂Ct

= u′(Ct)
(1+δ)t

− λ
(1+r)t

= 0

∂Λ
∂λ

=
∞∑
t=0

Yt
(1+r)t

−
∞∑
t=0

Ct
(1+r)t

= 0
(27)

where the second function is the intertemporal budget constraint. Denot-
ing C0 as current income, from the first condition, when t = 0, we can derive
u′(C0) = λ . Substituting it we obtain the Euler condition:

u′(Ct)

(1 + δ)t
=

u′(C0)

(1 + r)t
(28)

If we make the hypothesis of a logarithmic felicity function U(C) = lnC,
since u′(C) = 1

C
, the Euler Condition becomes37:

Ct = (
1 + r

1 + δ
)tC0 (29a)

Substituting Eq. (29a) in Eq. (25), the intertemporal budget constraint
can be expressed as follows:

C0

∞∑
t=0

1

(1 + δ)t
= Y0 +

∞∑
t=1

1

(1 + r)t
Yt (30)

If one makes the hypothesis of future incomes to be constant (Yt = YF∀t ≥
1) and since

∞∑
t=0

1
(1+δ)t

= 1+δ
δ

Eq. (30) becomes:

C0 =
δ

1 + δ
(Y0 +

∞∑
t=1

1

(1 + r)t
YF ) (31)

since
∞∑
t=1

1
(1+r)t

= 1
r
, we finally get:

C0 =
δ

1 + δ
(Y0 +

1

r
YF ) (32)

37This is a special case of the CRRA specification of the felicity function, since

limθ−→1
C1−θ

1−θ = ln(C) where θ = 1.
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Permanent income (YP ) can be defined as the constant income level that
has the same net present value as the actual income stream. Hence, it can
be expressed as follows:

Y0 +
∞∑
t=0

1

(1 + r)t
YF =

∞∑
t=0

1

(1 + r)t
YP (33)

Eq. (31) can thus be rewritten as follows:

C0 =
δ

1 + δ
(Y0 +

1

r
YF ) =

δ(1 + r)

(1 + ∆)r
YP (34)

where c = δ
1+δ

(short run consumption propensity on current income)

and k = δ(1+r)
(1+δ)r

(long run consumption -marginal and average - propensity on

future income)38

Eq. (34) highlights that long term marginal and average propensity of
consumption depends on δ (time preference) and r (interest rate). It should
be noted that when δ = r; k = 1. It means consumption is equal to
permanent income in each period (i.e. consumption smoothing hypothe-
sis).Conversely, when δ > r the consumer is impatient (Ct < C0), while if
δ < r the consumer is assumed to be patient enough to postpone consump-
tion to the future (Ct > C0).

This theoretical background lasts on the hypothesis of certainty equiv-
alence (it does not depend on the presence of a certain or an uncertain
scenario). In this framework, households look only at the expected mean of
future consumption not at its variability. Starting from this framework, it is
possible to assess the cost of fluctuations, by quantifying people preference
for stability. To this end, Lucas (1987) suggested measuring the fraction of
annual consumption that society would be willing to pay to eliminate fluc-
tuations and get the value of the compensation parameter λ as a solution of
the following equation:

E[
∞∑
t=0

e−δtU(Cvol
t )] =

∞∑
t=0

e−δtU(Ccert
t ) (35)

38It is worth noting here that ∂C0

∂YF
= C̄

YF
= k (i.e. marginal propensity and average

propensity to consumption are equal and constant. They are both k)
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where, as usual, E[.] is the expectation operator; δ is the time preference
and e is the exponential function. In other words, λ represents the per-
centage of steady-state consumption process that agents would pay for, in
every period and state, to move from a stochastic economy to a deterministic
economy.

Assuming Constant Relative Risk Aversion (CRRA): U(Ct) =
C1−θ
t −1

1−θ
Eq.(35) becomes:

E[
∞∑
t=0

e−δt[
Ct(1 + λ))1−θ − 1

1− θ
] =

∞∑
t=0

e−δt
C̄1−θ
t − 1

1− θ
(36)

where θ is the risk aversion parameter39. From Eq. (36) Lucas derives
the following (approximate) closed form solution for the cost of fluctuations:

λ =
1

2
σ2θ (37)

where: λ is the compensation parameter; σ2 is the volatility of consump-
tion (empirically observable) and θ is the degree of risk aversion (not observ-
able).

A special case of the above formula occurs if utility is logarithmic,
u(ct) = ln(ct), where the above simplifies to λ = 1

2
σ2 40 (i.e. with log

utility, the cost of fluctuations is equal to one half the variance of the natural
logarithm of consumption). Hence, Lucas (1987) comes up with the con-
clusion that the cost of fluctuations accounts very little in terms of welfare.
This result contributed to diverting much of the previous attention from this
issue, especially in terms of policy goals, by favouring policies that support
long term growth instead of economic stabilization ones.

However, Lucas (1987)’s results are not compatible with a number of
stylised facts, in particular the so called “equity premium puzzle” (Mehra
and Prescott, 1985).41 But the most persuasive critique of Lucas’ calculations
comes from Reis (2009). He asserts that Lucas actually underestimates the

39It can be derived as −Cu′′/u′
40It corresponds to the case of θ = 1, since limθ−→1

C1−θ

1−θ = ln(C)
41The ”Equity Premium Puzzle”, highlighted by Mehra and Prescott (1985) comes from

the observation of higher return on equity stocks compared to government bonds. This
highlight the presence of a sort of ”risk premium” on equity stocks versus government
bonds, i.e. individuals manifest clear risk aversion which is not compatible with standard
economic models.
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role of the “persistence” of consumption and its negative effect on welfare, by
demonstrating that the more persistent the fluctuation, the larger the cost.
According to Reis (2009) starting, as usual, from the following special case
of CRRA: U(Ct) = ln(Ct) = θ = 1, Eq. (36) becomes:

ln(1 + λ) + (1− e−δ)E[
∞∑
t=0

e−δtE(ct] = (1− e−δ)E[
∞∑
t=0

e−δtE(ct] +
1

2
V ar(ct)

(38)

where ct = ln(Ct). It follows:

ln(1 + λ) =
1

2
(1− e−δ)

∞∑
t=0

e−δtV ar(ct) (39)

To estimate the cost of fluctuations it is thus necessary to forecast the
variance of consumption at different time horizons. Starting from the sim-
plest form of consumption dynamic:

ct = ηct−1 + εt (40)

and assuming a stationary environment it follows: V ar(ct) =

σ2 (1−η2t)
(1−η2)

.Hence, Eq. (39) becomes:

ln(1 + λ) =
1
2
σ2

eδ − η2
(41)

where η is the coefficient of lagged consumption (i.e. persistence of con-
sumption). It simplifies to:

ln(λ) ∼=
1
2
σ2

δ + 1
− η2 (42)

by using the following approximations: eδ − 1 ∼= δ and ln(1 + λ) ∼= λ
It is apparent from Eq. (42) that λ increases with both variability and

persistence of consumption, being equal the time preference δ. Hence, to get
a full understanding of the impact of fluctuations on permanent consumption
we need to take into account both variance and persistence. According to
Reis (2009), Lucas’ calculations are actually the “extreme case” (when η = 0)
of the Eq. (41).
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B Decomposition methods for observed volatility

Hnatkovska & Loayza (2005)’s decomposition method of volatility splits the
variance of the n rates of change of per capita consumption for a given country
(∆xi) into three separate components (boom, normal and crisis) as follows:

σ2 =
n∑
t=1

(∆xi −∆x)2

n
=

n∑
t=1

(∆xboomi −∆x)2

n
+

n∑
t=1

(∆xnormali −∆x)2

n
+

n∑
t=1

(∆xcrisisi −∆x)2

n
=

(43)

σ2
boom + σ2

normal + σ2
crisis = aσ2 + bσ2 + cσ2 (44)

where:
a+ b+ c = 1

∆xboomi =

{
∆xi..if..∆xi > ∆x+ δ

0.......otherwise

∆xcrisisi =

{
∆xi..if..∆xi < ∆x− δ

0.......otherwise

∆xnormali =

{
∆xi..if..∆x− δ < ∆xi > ∆x+ δ

0.......otherwise
Hence, our volatility measure is the following:

σ =
√
σ2 =

√
σ2
boom + σ2

normal + σ2
crisis =

√
aσ2 + bσ2 + cσ2 (45)

where, to simplify the computation, the share of variance is assigned to each
component of volatility : σboom = a′σ

σnormal = b′σ
σcrisis = c′σ

Extreme volatility is the sum of the boom and crisis components of total
observed volatility. It must be noted that unlike the original computation
of Hnatkovska & Loayza (2005) we applied country specific decompositions.
This has important implications for the estimates since it means adopting a
set of different country specific thresholds calculated as ±δ from the aver-
age standard deviation of observed rate of change of consumption for each
country.

Carroll and Samwick (1997) provide a simple method for decomposing
innovations into a transitory and permanent component. Assuming the fol-
lowing process for the log of permanent income:
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pt = pt−1 + ηt (46)

where ηt is a shock to permanent income
Assuming that the log of current income is given by the log of permanent

income plus a transitory error term, as follows:

yt = pt + εt (47)

Finally, assuming that both ηt and εt are white noise and uncorrelated
with each other and at all leads and lags, we can derive the income difference
of length d as follows:

rdy = yt+d − yt = pt+d + εt+d − pt − εt (48)

Substituting Eq. (46) into Eq. (48) recursively yields:

rdy = ηt+1 + ηt+2 + ...+ ηt+d + εt+d − εt (49)

Hence, the second moment is

var(rdy) = υyd = dσ2
η + 2σ2

ε (50)

where σ2
η and σ2

ε are, respectively, the variances of the permanent and
transitory shocks to income.

To apply this decomposition method to our analysis we thus compute υid
as follows:

υid = r2
dyi (51)

since we assume rdyi = 0 (no unpredictable growth trend).
We then use two υid of different lengths to solve for σ2

η and σ2
ε as follows:

s2
ηi

= υid − υid−1 (52)

s2
εi

=
υid−1 − (d− 1)sη2

i

2
(53)

and assume that E(s2
ηi

) = σ2
η and E(s2

εi
) = σ2

ε
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