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Abstract

This paper proposes a new perspective on international capital flows and countries’ long-run
external asset position. Cross-sectional evidence for 84 developing countries shows that over
the last three decades countries that have had on average higher volatility of output growth (1)
accumulated higher external assets in the long-run and (2) experienced more procyclical capital
outflows over the business cycle than those countries with a same growth rate but a more stable
output path. To explain this finding we provide a theoretical mechanism within a stochastic
real business cycle growth model in which higher uncertainty of the income stream increases
the precautionary savings motive of households. They have a desire to save more when the
variance of their expected income stream is higher. We show that in the model the combination
of income risk and a precautionary savings motive will lead to procyclical capital outflows at
business cycle frequency and a higher long-run external asset position.
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1 Introduction

This paper proposes a new perspective on international capital flows over the business cycle and
sheds some new light on the determination of countries’ long-run external asset position. We
use data for 84 developing and emerging market countries to show that over the business cycle
countries with a high uncertainty about their income stream experience a positive relationship
between capital outflows and output growth. Countries with an higher output growth volatility
would generate more capital outflows than those with the same growth rate but a lower output
growth volatility.

The effect of an increasing uncertainty about the income stream does not only affect the rela-
tionship between output growth and capital outflows but also impacts the long-run accumulation of
the external asset position of countries. When the income volatility increases so does the long-run
net foreign asset position compared to a country with the same growth rate but less output growth
variation. Thus, an increasing uncertainty about the income stream translates into both a higher
long-run net foreign asset position across the 84 countries in question as well as a higher outflow
of capital at business cycle frequency.

These facts are difficult to square with standard theories of the open economy. The basic open-
economy stochastic growth, or real business cycle, model predicts countercyclical capital flows.!
Over the long-run, the same model predicts that fast growing countries should attract foreign capital
to finance higher consumption and investment, thus building up foreign debt. The key theoretical
driver of these predictions is households’ desire to intertemporally smooth consumption, which is
based on the present value of households’ expected income stream. The higher the expected income
stream the more households are willing to borrow against brighter future income prospects.

To explain this perspective on the cyclicality of international capital flows and the determi-
nants of long-run foreign asset positions we focus on another theoretical prediction, namely that
higher expected income volatility ought to increase precautionary savings as households aim at
self-insuring against negative income shocks. This aspect has until recently been left unexplored
in studies of international capital flows. As data on emerging and developing countries show that
even though those countries with more volatile output growth tend to grow faster, they also tend
to export rather than import capital. Capital flows and output volatility are positively correlated.
This points toward a precautionary savings motive at work, in fact manifesting itself in higher net
foreign asset positions of those countries.

We present a real stochastic growth model of a small open economy to interpret these findings.

Central to the analysis is the solution method that takes the second-order effects of uncertain

'See for example Aguiar and Gopinath (2007) and Uribe (2012).



income growth on agents’ choices into account.”? On the one hand, a high covariance between
consumption and income growth makes consumption smoothing harder, creating the incentive to
invest in an asset that yields a more stable income stream. On the other hand, a higher volatility
of consumption growth raises the precautionary motive for savings. Both effects lead towards a
particular net foreign asset position in equilibrium, and we show that they can be sufficiently large
to dominate the desire to borrow against higher future income.?> A first-order solutions instead
would leave undetermined the optimal savings choice of a countries residents.

This precautionary savings motive will affect the consumption and, hence, savings decisions of
households both in the short as well as in the long-run.* Households within a country of higher
output growth volatility, following a positive income shock, want to accumulate a buffer stock of
foreign assets to insure against the presence of higher uncertainty about the future expected income
stream. They desire a stable consumption path and also higher future consumption. To finance
the higher consumption in the long-run, households endogenously choose their portfolio so that a
higher long-run i.e. steady state position of external assets occurs. To obtain a higher long-run
external wealth households will save in the short-run more net foreign assets, which will lead to
capital outflows, with the consequence of a procyclical relationship between capital outflows and
output growth at business cycle frequency. Thus, for a given output growth the combination of
income risk and a precautionary savings motive will lead to a higher (long-run) net foreign asset
position and larger capital outflows in countries with faster output growth but with higher output
growth volatility - a new aspect offered to the standard neoclassical growth model.

Empirically, our results shed further light on the debate why capital flows from fast grow-
ing (emerging markets) to less growing industrialized economies. Using capital inflow measures
expressed as foreign asset accumulation over several decades, Gourinchas and Jeanne (2012) force-
fully show that capital does not flow to countries that grow more. They refer to the "allocation
puzzle" of capital flows. Our empirical results reveal that the higher the degree of uncertainty,
the more the "allocation puzzle" of Gourinchas and Jeanne (2012) applies also at business cycle

frequency.® Our results also shed light on the famous Lucas (1990) paradox of North-South capital

2Carroll (1994) shows empirically for a panel of individual households that consumers facing higher income un-
certainty consume less and are willing to accumulate buffer-stock savings. See also Deaton (1991) for a theoretical

assessment of the effect of uncertainty on consumption.
3Precautionary savings are not the only interpretation of recent developments in international capital flows.

Caballero, Farhi, and Gourinchas (2008) argue that flows are driven by countries’ supply of assets.
*For example Carroll and Weil (1994), Loayza, Schmidt-Hebbel and Serven (2000) or Hausmann, Pritchett and

Rodrik (2005) show that national saving rates of faster-growing emerging economies have been rising over time.
’Note that this puzzle is different from the famous Lucas paradox of North-South capital flows, see Lucas (1990).

See Alfaro et al. (2013) for distinguishing private and public capital flows and their different patterns of correlation

with productivity growth.



flows. Lucas points to the fact that the direction of capital flows among rich and poor countries
is inconsistent with a standard neoclassical growth model. Capital does not flow to countries with
a relatively larger marginal product of capital. As recently noted by Gros (2013), the investment
rate in developing countries has increased markedly since the 1980s. The true puzzle, according to
his view, is why savings rates increased even more in the most recent period thus making the Lucas
paradox even more pervasive. Our paper suggests that the increased volatility of income gives rise
to precautionary savings which explains exactly this development.

Theoretically, the related literature has so far focused on precautionary savings in the context
of sudden stops in capital flows. Durdu, Mendoza and Terrones (2009) assess the optimal level of
precautionary assets of a small open economy in response to business cycle volatility and the risk
of a sudden stop. They conclude that these risks are plausible explanations of the observed surge
in foreign exchange reserves in emerging market countries. However, Jeanne and Ranciere (2011)
argue that it is difficult to explain the build-up in emerging markets’ reserves as insurance against
the risk of a sudden stop.

The studies by Carroll and Jeanne (2009) and Fogli and Perri (2006, 2014) are most closely
related to ours. Carroll and Jeanne (2009) utilize a model of individual precautionary saving
developed by Carroll (2007) to assess its role for reducing global imbalances. They show that
reducing the desired stock of saving in the rest of the world (via reducing their individual income risk
households face in the rest of the world) causes mainly a decline in the world’s capital stock outside
the U.S. but not necessarily a decline in wealth in the U.S. The authors focus on idiosyncratic
individual unemployment risk and the role of social insurance on the net foreign asset evolution. In
contrast, in this paper the precautionary savings motive is borne by macroeconomic risk within the
small open economy. Fogli and Perri (2006, 2014) link income uncertainty to evolution of the net
foreign asset position within a 10-year horizon.” If the domestic reduction of uncertainty is more
pronounced than abroad as e.g. in the U.S. during the ‘Great Moderation‘, smaller precautionary
saving can lead to the build-up of external imbalances. We also detect a positive association
between output growth volatility and the net foreign asset position across countries over a long-run
horizon of three decades. We are able to link this observation to Gourinchas and Jeanne’s (2012)
allocation puzzle of international capital flows. Since Fogli and Perri (2006, 2014), in contrast to
our work, do not incorporate growth into their study they cannot draw a link between capital

flows and growth. Furthermore, our work does not only establish a positive link between capital

SMendoza, Quadrini and Rios-Rull (2009) analyze the role of risk on the savings behavior of countries. They
show that international financial integration can cause an accumulation of a large level of external liabilities by more

financially advanced countries.
"Interestingly, Broer (2012) points to the role of endogenous financial deepening which can change the sign of the

positive association between external assets and macroeconomic uncertainty.



outflows and higher output growth volatility but also highlights that such a relationship is the
result of a positive long-run relationship between the level of a country’s external wealth and the
output growth volatility it faces. This result is obtained by allowing for an endogenous portfolio
choice by households to determine the long-run net foreign asset position. This aspect has not
been incorporated by the above contributions. Thereby we extend the work by Coeurdacier, Rey
and Winant (2011) as well as Juillard and Kamenik (2005) and explore the properties of the risky
steady state within an environment of economic growth and capital flows.

The remainder of the paper is structured as follows: Section 2 provides an explanation of
the econometric methodology and establishes the stylized facts. Section 3 presents a model that

replicates the empirical findings. Section 4 summarizes the main results.

2 A new stylized fact

In this section we establish a new stylized fact: the procyclicality of capital outflows increases in the
volatility of income. For that purpose we collect annual data on a set of 84 small -mostly developing
and emerging- economies over the period 1980 to 2007. The countries are listed in Table (1). Our
key series are, first, yearly real GDP growth and, second, the stock of net foreign assets. As our first
measure of income uncertainty, we calculate the sample standard deviation of real GDP growth.
To net out global shocks we also use a second measure of output growth volatility that reflects the
country-specific component of uncertainty only. This idiosyncratic component of income growth,
which is similar to Fogli and Perri’s (2014) measure, is derived by regressing each country’s GDP
growth rate on a constant and the average growth rate of all countries in the sample. We relate
both of these measures to the yearly change in net foreign assets as a measure of capital outflows.®
Details on data definitions, the composition of the sample and the data sources are provided in a

separate appendix below.

2.1 A first look at the data

We establish a new perspective on one of the most important insights of the neoclassical growth
model, which states that countries with higher output growth should attract more foreign capital
to finance consumption and investment. Thus, we should observe a negative correlation between
output growth and changes in net foreign assets. A precautionary saving motive is shown to
change that pattern and to cause not only a positive relationship between output growth and

capital outflows but also a higher external asset position.

$We adjust the data on net foreign assets for valuation effects and in order to be consistent with the PPP-adjusted

data used below we construct a deflator using the Penn World Tables, as described in the data appendix.
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Figure 1: Income volatility and the correlation between capital outflows and output growth (left
panel). Income volatility and the long-run net foreign asset position (right panel). Shown for 84

countries over 1980-2007

The left panel of Figure 1 shows the correlation of capital outflows and output growth on the
vertical axis and its interaction with the volatility of output growth on the horizontal axis for
84 emerging economies over the period 1980 to 2007. To construct this illustrative figure we use
our first measure of income uncertainty, i.e. the standard deviation of aggregate GDP. It follows
from the left panel of Figure 1 that an on average negative correlation between output growth and
capital outflows, in 84 emerging economies over the time horizon 1980 to 2007 exists, when there is
zero volatility of output growth. In this case countries with a higher output growth would generate
more capital inflows. Our contribution, however, is to condition the growth-capital outflow nexus
on income uncertainty, which is measured on the horizontal axis in Figure 1.

With an increasing uncertainty about the future expected income stream, i.e. a higher volatility
of output growth, a procyclical relationship arises. Countries with higher output growth generate
more net capital outflows. Thus, the positive correlation between capital outflows and productivity
growth highlighted by Gourinchas and Jeanne (2012) also holds at a business cycle frequency and
becomes stronger as income volatility increases.

The right panel of Figure 1 shows the relationship between the long-run net foreign asset position
(on the vertical axis) and the volatility of output growth (on the horizontal axis). On average,
across the 84 emerging economies a negative external debt position exists at zero output growth
volatility. Again, a positive connection obtains when the income volatility increases. Countries
with a more uncertain income stream accumulate a higher net foreign asset position. Thus, an

increasing uncertainty about the income stream, i.e. higher volatility of output growth, causes



both a higher long-run net foreign asset position across the 84 countries in question as well as a
higher outflow of capital at business cycle frequency. Both relationships are stronger for small open
economies than for medium-to-large open economies.

This connection between the net foreign asset position and income uncertainty is also subject
of Fogli and Perri (2014). While they use 10-year rolling windows to establish a correlation, we
use the full sample. Our paper goes beyond Fogli and Perri (2014) by shedding light on the
impact of income uncertainty on the correlation between net foreign assets and output growth.
We thus extend the analysis to also encompass the business cycle interaction among foreign asset

accumulation and uncertainty.

2.2 Regression results

We proceed in two steps. First, we evaluate whether the savings rate and the investment rate
across all countries in our sample responds to income uncertainty. A positive coefficient in such
a sample cross-sectional regression would point to some kind of precautionary behavior. This
finding, however, cannot inform us whether countries’ accumulate external assets to hedge against
uncertainty are save domestically. In a second step, we therefore explain the correlation between
changes in net foreign assets and output growth in terms of the standard deviation of real GDP
growth and our macroeconomic controls. We also regress the mean net foreign asset position on
the same set of variables.

The results for the first step are shown in table (2). We regress the savings and the investment
rate, respectively, on the standard deviation of income, real GDP per capita, the size of the
country measured by total GDP, the average growth rate of GDP, the price of investment goods
(PI), openness as measured by the sum of exports and imports over GDP and the Chinn-Ito index
of capital account openness. All variables are averaged over the sample period. For reasons of
data availability, these regressions are restricted to 59 countries.” The result of primary interest
suggests that saving is indeed sensitive to income uncertainty. A higher standard deviation of GDP
is associated with a higher savings rate. Investment as a fraction of GDP, however, does not reflect
income uncertainty. Households in our sample accumulate assets, whether domestic or foreign, to
insure against uncertainty.

Given that aggregate saving responds to macroeconomic uncertainty we now turn to the open-
economy dimension. The bivariate relationship between the correlation of output changes and
capital flows on the one hand and income uncertainty on the other, which were discussed in the

previous section, might simply be the result of a third variable not taken into account when

9Note that the empirical results presented below also hold within the sample of the 59 countries for which data

on savings and investment are available.



considering simple scatter plots. We therefore employ a set of regressions where we augment the
simple bivariate relationship with control variables that are standard in the literature on open-
economy macroeconomics. In particular, we condition the relationship on real GDP per capita, the
size of the country measured by total GDP, the average growth rate of GDP, the price of investment
goods (PI), openness measured as the sum of exports and imports over GDP and the Chinn-Ito
index of capital account openness. All variables are averaged over the sample period.

Table (3) reports the results from cross-sectional regressions of the correlation between changes
in net foreign assets and output growth on the standard deviation of GDP and our macroeconomic
controls for all of our 84 sample countries. The baseline result can be seen to survive even when the
control variables enter the regression equation. A higher standard deviation of output strengthens
the positive correlation between capital outflows and output growth. The inclusion of the control
variables does not change the statistically significant positive effect output growth volatility has
on the correlation between changes in net foreign assets and output growth. GDP per capita as an
explanatory control variable is statistically significant. If we compare two arbitrary countries with
the same growth rate, the same level of income and otherwise identical structural characteristics
as represented by our control variables, the country with the higher standard deviation of GDP
experiences a higher correlation of growth and capital outflows and higher mean external assets.

When using the trade balance, measured by its deviations from mean to capture the business
cycle effects, instead of changes in net foreign assets as a measure of capital outflows, the stan-
dard deviation of income still enters positively and statistically significant. Interestingly, when
focusing on column (4) of Table (3) we see that at zero volatility of output growth a negative
relationship between output growth and the trade balance exists. Uribe (2012) shows that this
is a stylized international business cycle fact in emerging market economies. Thus at zero output
growth volatility, countries with higher output growth should experience a deterioration of its trade
balance. However, once we account for output growth volatility this result is reversed.

In columns (3) and (6) of Table (3) we elicit the effect of income volatility for net debtor and
creditor countries, respectively. This specification is motivated by the study of Benhima (2013), who
showed that the long-run relationship between capital outflows and productivity growth depends
on the sign of the external position. We find that the effect of uncertainty does not hinge on the
country having on average foreign assets or liabilities.'?

In columns (7) and (8) of Table (3) we relate the mean net foreign asset position to income

1

uncertainty and additional macroeconomic control variables.!! From the control variables, only

10While we use conventional least-squares to estimate the relationships, the results remain identical once we take

account of the bounded nature of the dependent variables and switch to censored regression techniques.
'Note that the results do not hinge on expressing net foreign assets and the trade balance, respectively, as a

fraction of current GDP. When using initial GDP instead, which is in spirit of Gourinchas and Jeanne (2012), the



per capita income and the price of investment goods enter positively and are statistically signifi-
cant. Most importantly, however, income uncertainty remains a statistically significant explanatory
variable with a positive effect on mean external assets.'?

Table (4) provides the estimates of these baseline regression for different sub-samples of coun-
tries. We define appropriate dummy variables to separate small and large economies and rich and
poor economies, respectively.!® It turns out that the connection between income uncertainty and
the growth-outflow nexus is particularly strong for either small and poor economies. The impact of
income uncertainty on the mean net foreign asset position is stronger in rich economies compared
to the full sample.'*

The saving behavior of households in small open economies is not only influenced by macroeco-
nomic determinants, but also driven by their average human capital endowment, the institutional
quality of the economic environment and the stability of the political system. To account for these
forces, we estimate a separate regression that contains our main explanatory variable, i.e. the
uncertainty of income, the level of per-capita income and an indicator of the quality of institutions.
Alternatively, we include the years of schooling as a control variable capturing the accumulation
of human capital. The results of that exercise are presented in Table (5). As expected, schooling
enters the explanation of the mean net foreign asset position with a negative sign. Accumulat-
ing a larger stock of human capital can thus be interpreted as a substitute for saving in terms of
foreign assets. The institutional quality has the expected negative sign, indicating that improved
institutions lead to a smaller extent of precautionary saving, but this coefficient mostly lacks sta-
tistical significance. Most importantly, however, the case of the standard deviation of income as a
determinant of the correlation between growth and capital outflows and the mean net foreign asset
position, respectively, is strengthened once these institutional variables are considered.

International financial markets can be used to insure income risk through borrowing and lending
only to the extent this risk is idiosyncratic in nature. We thus use our second measure of income
uncertainty to corroborate our finding. The idiosyncratic component of income growth is derived

by regressing each country’s GDP growth rate on a constant and the average growth rate of all

results become slightly stronger.
12Tn the theoretical section it is shown that a higher long-run external asset position and higher capital outflows

at business cycle frequency in the presence of higher income growth volatility occur simultaneously. To empirically
account for this we estimated both regression equations simultaneously using SUR. The results are confirmed within

this estimation procedure.
"“Here we interpret both the medium-sized and the large economies from Table (1) as being large.
HMYWWe also used a set of dummy variables to evaluate regional differences in the interaction between income un-

certainty, growth and external saving. The results, however, do not suggest sizable differences. The only regional
dummy that is significant pertains to the correlation between growth and asset accumulation which is significantly

higher in Asian economies than in other regions.



countries in the sample. The standard deviation of the residual is interpreted as idiosyncratic
income uncertainty. Table (6) reveals that all baseline results remain qualitatively unchanged.
As expected when excluding aggregate, i.e. global uncertainty, the impact of stdev(AGDP®°)
becomes even slightly larger compared to our baseline results presented before.

The next section presents a model that is able to replicate this pattern of precautionary savings

and foreign asset accumulation, respectively.

3 The model

This section presents a stochastic real business cycle growth model of a small open economy, which
allows the explicit analysis of the effect of higher income uncertainty, measured by output growth
volatility, on capital outflows and the long-run external asset position.'® We extend the standard
stochastic real business cycle model by growth and a stochastic steady state. Within this steady
state the realization of any shock is zero so that households decide to remain in the steady state
but they know that in the future shocks could hit the economy.' It is this uncertainty about the
future macroeconomic environment which will give households a precautionary savings incentive
leading to an endogenously determined steady state external asset position. The main determinant
of future income is aggregate productivity, with two stochastic nonstationary components which
can either cause level shifts in technology or a sequence of changes in technology so that it raises the
country’s growth rate temporarily above its long-run growth trend. We first present a simplified
version where output is only driven by the two stochastic productivity components to highlight
the mechanisms at work. We then show that the results are also valid in an economy with an

endogenous capital stock and a larger set of stochastic disturbances.

3.1 The endowment economy

Consider an economy populated by a large number of infinitely lived households with preferences,
a budget constraint and production described below. Households’ preferences are summarized by

the following utility function

- Cl—o’ -1
By 20 B ——r, (1)

t
1—0
with C} reflecting consumption, 8 the time preference and o the relative risk aversion. FE; is the

expectations operator at time ¢. Each period, households receive an exogenous and stochastic

5The small open economy model we are using is in the spirit of Mendoza (1991), extended here to allow for

economic growth as in Aguiar and Gopinath (2007) or Cicco, Pancrazi and Uribe (2010).
18See also Coeurdacier, Rey and Winant (2011) as well as Juillard and Kamenik (2005). The work by Aguiar and

Gopinath (2007) or Cicco, Pancrazi and Uribe (2010) does not consider a stochastic steady state environment.

10



endowment of output Y and can borrow or lend in a real bond B that pays a constant world real
interest rate r.!7 The evolution of the external asset position of the representative household is
given by

By — Bi1 =Y +1Bi1 — Cy, (2)

whereby the no-Ponzi game restriction and Transversality condition are assumed to hold. Output
is determined by technology Z; only:
Y, = Z;. (3)

The growth rate of technology and, hence, output evolves according to

InZipn—InZy = g1 + weyr, with (4)
ge1 = (1= p) G+ pge + vei1. (5)

Both, w11 and vy, 1 arei.i.d. shocks with mean zero and a shock variance of 02, and o2, respectively.
G reflects the economy’s long-run or steady state growth trend. The innovations w; cause one time
shifts in the level of technology but with no lasting effects on the growth rate of technology. By
contrast, an innovation to the growth trend by v; leads to a sequence of changes in the level of
technology Z since it leads to persistent deviations of the growth rate g; from its steady state
growth rate G.

The household chooses consumption and external assets in each period in time, so as to maxi-

Euler condition:

mize (1) subject to (2). The optimality condition associated with this problem gives the following
1
)

5 <ngl>_a (1+7)

Since the model economy is growing at a stochastic growth rate, to find a solution for the

(6)

equilibrium dynamics, the system must be made stationary for standard solution methods to apply.
Thus, to make them stationary, all variables are now expressed relative to productivity, Z;. Note
that within our economy X is equivalent to a ratio relative to output, with X=X /Z = X/Y. Then
the model can once again be stated in relative output terms, with dZ; = Z;/Z;_1 and dY; = Y3/ Y1
denoting the gross growth rates of technology and output, respectively. Equation (7) corresponds

P

to our definition of the capital flow equation in the empirical section, named ANF A
—_ —— ’r‘ ~ ~
ANFA =14+ —-—B;_1 — C}. 7
t + ay, ! t (7)

The other variable of interest is the trade balance, TB =Y — C, defined as the difference between

production and absorption. The trade balance relative to output equals then

TB,=1-C,, (8)

'7In the next section we will also allow for a stochastic world real interest rate.
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and depends on the consumption to output ratio C. The latter evolves according to

- _— R (i“) (1+7)dY;9

g

g, (9)

To see how risk affects consumption and hence, capital flows and the trade balance, consider the

Euler equation in approximated form

~ Ey (Y1) Ei(C,
G, = t~( t+1) Et(Cey1) _ . (10)
var(C) var(dY) 2 cov(C,dY) o
('3 (1+7) <1 tolo+l) (Et(ct2+1) + Et(dYt2+1)> to (1+T)Et(6’t+1)Etd(Yt+l))>

where var (.) and cov (., .) reflect the variance of the variable X and its covariance relationship with
an other variable of the system.!® Equation (10) shows nicely how uncertainty about the future
income, i.e. output growth variability, affects the consumption choice of households. The more
uncertain the income stream of the economy becomes, i.e. the larger the output growth volatility
var (dY'), the more households are willing to reduce consumption relative to output today and to
increase their savings. The precautionary desire to save becomes stronger the more volatile con-
sumption var(é’ ) is expected to be. A positive correlation between consumption and output growth,
i.e. cov(C,dY)/[Ey(Cis1)Ei(dYis1)] > 0, would accelerate the desire to save more. However, re-
ducing consumption when output growth is high so that cov(C,dY)/[Ey(Cis1)Eid (Yis1)] < 0 can
act as an insurance device and allows for some consumption smoothing in the presence of risk.

The implications of higher output growth volatility are also seen when defining the household’s

stochastic time preference rate in the presence of risk when making its intertemporal choice as

var(C) var (dY))) (14+7)"to2eon(C, dY)) ‘ (11)

5, =61 1 )
e ( ol <Et(ct2+1) " Ee(dY Ey(Cey1) Erd (Yig1)

Then from (10) consumption grows at E;(Ciy1)/Cy = (1 +7) B\t)%/Et (dYi41). Variations in the
stochastic time preference rate will change the incentive of households to borrow or lend at a
given world interest rate r. To see this consider once again the Euler equation Et(6t+]_) / ét =
(L+7) B\t)% /E¢ (dYiy1), which shows that households are willing to sacrifice consumption today
when the stochastic time preference rate is high, which is the case the more volatile the economy
becomes, as shown by (11). Then a lower consumption today translates into an improved trade
balance (8). The income received from more exports will be saved so that an outflow of capital
occurs, (7). This results in a higher future external asset position which can be used to finance

future consumption.

'8To obtain this equation we use the second-order expansion of @ (z,y): ®(x,y) = F(EB:(z,9)) +
E; (F"var, cov (z,y)).
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3.1.1 The stochastic steady state and the solution to the model

In the stochastic steady state the consumption Euler equation equals

(o)

var(C) 4 var (dY)) n U%OU(@,dY)) ay

B:B(l—i—a(a—i—l)( = — At+rcay ) O+ (12)

with dY = 1+ G, the steady state growth trend of the economy. In the absence of risk, the return
on holding an external portfolio would simply be equal to 1 +7 = dY"~ /B, the long-run growth
rate of the economy in relation to the time preference 5 and consumption would not be determined
in the steady state via the Euler equation. However, in the stochastic steady state for a given
world interest rate consumption is pinned down by the variance and covariance relationships of
consumption and output growth. Once we have solved for steady state consumption 5 we can find

a unique solution to the steady state external asset position

1%y (13)
r—G

B=

From (8) we define the steady state trade balance as ﬁ =1- 5 Consequently, the steady state
external asset position depends on the steady state trade balance. The term ﬁ/ (r— Q) reflects the
discounted world market value of the country’s long-run trade balance. We impose the condition
that the world real interest rate r is positive and, more importantly, larger than the economy’s
growth trend, r > G, so that the present value of the resources of the economy is bounded. Then
equation (13) implies that for a given output growth dY a long-run trade deficit, i.e. TzB < 0,
must be backed by a positive long-run external asset position, i.e. E > 0, to ensure solvency.'”
The decision to run a trade deficit will depend on consumption in relation to the risk households
face within the economy.

To solve this problem, we postulate a linear decision rule around the stochastic steady state.
Because the stochastic steady state depends on the decision rule, we get a fixed point problem.
This is solved by identifying jointly the stochastic steady state and the coefficients of the decision
rule. Therefore, first of all we log-linearize the equilibrium conditions (7) and (9) around the
stochastic steady state, (31) and (13), whereby for consumption, ¢;, and output growth, dy;, it
holds that # = In(X /?) while for external assets, by, the trade balance, tby, and capital flows,
mt, we define 7 = X — X. Then we apply the linear decision rule to obtain the solution for

the linear rational expectations model using undetermined coefficients. With this solution at hand

we can solve our model accurately with respect to the stochastic steady state by using an iterative

YDurdu, Mendoza and Terrones (2013) provide empirical evidence on this using an error-correction model.
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procedure. The linearized model is given by

¢ = BEicilee + Erdyilc ay, (14)

= . - (1 + r) 7(1 + 7')
Catb = biea? — dyBa’, v
Ct t t—1 ay Yt dY ( )
dy: = gt + w, (16)

where for simplicity we assume that 0 = 1. The parameters I'.. and I'c 4, together with the

coefficients of the linear decision rule

¢t = acpby—1 + QegGt + QewWt, for which b; = apbi—1 + AbgGt + AWt

are summarized by the following table:

(17)

c b
| E D |
— % dy - __1
acb - T E abb - Fc,c
— Fc,dyp_FC,Cacbé% ab _ (acg(l_rc,cp)_rc,dyp)
“ (ATeep)+TecanC) ! Tecac
B+r)
a _ FC’CQCbBiw ab _ Aew
o e cacba_l v Fc7cacb
Fc,c = |1+ £ 7COUE£Y) + (1 + 7") 47’0612(20)
ay dYycC c
0) var(dY’) cov(C,dY)
Teay =2 |(1+47) (1422 4 grarldy) ) 4 geou(C
cdy = g7 |( ) ol av’ cay

Having established the evolution of ¢; and Zt we can write the remaining variables of interest

in linearized form as

- =_ r ~ rB—~ ~
thy = —C¢; and Anfa, = ﬁbt—l - ﬁdyt - Cc.

(18)

To fully solve the model we have to define the conditional moments. We assume that the shocks

are uncorrelated among each other. Then it follows from (16) and (17) that

var(C) = azga% +a?,02 and var(dY) = o2 + 2. (19)
The covariance between output growth and consumption is given by
cov(C,dY) = AegT2 + ey (20)

We are now able to solve for the stochastic steady state. We have four unknown variables, C, B,
var(C) and cov(C,dY), for which we have four equations given by (31), (13), (19) and (20). This

enables us to solve the fixed point problem using an iterative non-linear procedure.
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With the solution at hand we can assess the implications of higher output growth volatility
on consumption, the trade balance and the net foreign asset position. To do so we have to define
the exogenous parameters of the model. We follow the literature on emerging market real business
cycles. The long-run growth trend of the economy G is set so that the economy grows at a yearly
rate of 5 percent, which is the average of the 84 countries in our empirical exercise. The time
preference 3 equals 0.96, a value common in the literature for yearly frequency (see also Obstfeld
and Rogoff, 1996). The real interest rate r is set to 8 percent, a common value in the real business
cycle literature for emerging market economies (see Cicco, Pancrazi and Uribe, 2010 or Obstfeld
and Rogoff, 1996). Following Cicco, Pancrazi and Uribe (2010) we set the persistence of the growth
rate shock p equal to 0.82.

3.1.2 OQutput growth volatility, capital flows and external assets

The long-run external asset position Let us start with an assessment of the long-run net
foreign asset position and how a higher output growth volatility affects the external asset position.
Assume for a moment that risk is absent. Then from our above calibration it follows that 5 <
dY /(14 7). Consequently, the desired consumption path would be tilted downward. Households
would be less patient and consumption growth would be lower. Putting it differently, if 5 is the
household’s desired price of consumption and dY/ (1 + r) reflecting the world price of consumption,
then households put more weight on the desired price of consumption then on its world price and
are willing to sacrifice a higher long-run consumption level. The result would be a negative long-run
external asset position.

In the presence of risk it follows from (31) that 8 = dY /(1 +r). Thus, the desired price of
consumption in a risky environment, B, must be equal to the world price of consumption. This
ensures a constant steady state consumption path. Since it follows from (31) that B equals the
sum of the "pure" time preference 5 and the risk households take into account within the steady
state, it must hold that 3 > (. The difference between the stochastic and pure discount rate is
increasing the higher output growth volatility becomes. The implication is that a more volatile
small open economy will have a higher stochastic discount rate and the desired consumption path
is tilted upward. As a consequence, steady state consumption 5 will be higher. To finance this
higher steady state consumption level, it follows from (13) that households have saved an higher
amount of external assets B. Thus, the more volatile the economy becomes, the higher will be the
long-run external asset position of the small open economy and the higher will be C.

Consider the following calibration for illustration: As a guideline, the sample average of the

volatility of output growth, stdev(dY’), across our 84 countries is about 4 percent.?’ We set the

*The standard deviation of output in our model is given by stdev(dY) = \/var(dY) = /o2 + 03,
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standard deviation of the growth rate shock o, and level shock o, equal to 0.03, respectively
(see Cicco, Pancrazi and Uribe, 2010). Those values are also close to our sample average of the
volatility of output. The sample average of the volatility of output has a standard deviation of
around 2 percent. We therefore illustrate the effects of an increasing output volatility on the long-
run consumption and external asset position within this range. The following table illustrates that
a small open economy with an increasing output growth volatility will experience a higher long-run
external asset position compared to a country with the same steady state growth rate but a lower

output growth volatility. This is in line with one of the stylized facts established in the empirical

section.
Output growth volatility low risk sample mean high risk
stdev(dY) 0.02 0.04 0.06
Consumption (C) 0.94 1.19 1.51
External Assets (B) —2.02 6.94 18.49

Notes: The low risk environment is obtained by setting o, and o, equal to 0.015, the sample
mean environment by setting o, and o, equal to 0.03 and the high risk environment by setting o,

and o, equal to 0.045.

The correlation between output growth and capital outflows Having established the
relationship between the long-run external asset position and output volatility, we now assess the
business cycle effects. Figure 2 demonstrates how higher risk, captured by output growth volatility,
affects consumption, the trade balance and capital flows over the business cycle. We display impulse
response functions for a 0.1 percent innovation in the growth rate of technology in deviations from
the steady state, the black dotted line.

Following the above exercise, the model economies only differ in their output growth volatility
while the underlining growth trend and its innovation are the same across all scenarios. The green
dashed line reflects the low risk environment with a low output growth volatility, the red dashed
line with dots shows the average risk environment while the blue solid line displays the reaction of
the economy for a high risk environment.

For all scenarios the higher output growth, shown in panel a. of Figure 2 leads initially to an
increase in consumption relative to output in panel b. Households perceive themselves as richer and
are willing to borrow against the brighter income prospects. As a consequence, domestic absorption
increases and the trade balance in panel c. deteriorates. More international capital flows into the
country, shown by the negative response to capital outflows in panel d.

Figure 2 nicely shows that the magnitude and course of the responses are depending on the

output growth volatility the economy is facing. Agents are aware of the risky economic environment
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Figure 2: Responses to a positive growth rate shock to productivity for different risk scenarios.
Notes: The low risk environment is obtained by setting the standard devation of output growth
equal to 0.02, the sample mean environment by setting it equal to 0.04 and the high risk environment

by setting it equal to 0.06, respectively.

and will mitigate their consumption response to a positive output growth innovation the higher is
uncertainty. This is due to the higher stochastic discount rate which causes the desired consumption
path to be tilted upward. Households are more patient and consumption growth rises for a riskier
economy. As a consequence, the deficit of the trade balance is smaller and also improves faster.
Finally, capital outflows need more time to converge to the steady state the higher is the output
growth volatility.

The picture looks similar with respect to risk when assessing the effects of a level shock to
technology. Figure 3 shows the response of the economy to a 0.1 percent innovation to the level
of technology. Households want to smooth consumption and do not consume all their additional
endowment, so that consumption to output in panel b. declines. The trade balance in panel c.
improves and initially, capital outflows occur to a minor extend. As there is only a one time shift
to the level of technology, the overall effect on consumption is very small due to the consumption
smoothing motive and so is the impact on capital flows. Most importantly, the effects of a higher
output growth volatility on consumption, their trade balance and capital flows are not affected by

the origin of the shock.
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Figure 3: Responses to a positive level shock to productivity for different risk scenarios. Notes:
The low risk environment is obtained by setting the standard devation of output growth equal to
0.02, the sample mean environment by setting it equal to 0.04 and the high risk environment by

setting it equal to 0.06, respectively.

Having established how income risk, measured by output growth volatility, influences the dy-
namic adjustment of the small open economy, we now assess the model’s business cycle statistics.
The exercise we are considering is as follows: The second moments are obtained by considering
small open economies which are hit by the same economic disturbances but differ in their risk pro-
file with respect to inherent output growth volatility. Based on this, the following table displays
the unconditional moments of our model. The second moments are shown for the different risk
scenarios outlined above.

The table shows that moving from a low risk towards a high risk environment causes an increase
in the correlation between the trade balance and output growth as well as capital outflows and
output changes. The more volatile output growth becomes the more households want to save.
Relating this to the findings above regarding the long-run external asset position it can be seen

that the results do not hinge on whether the country is a creditor or debtor country.

Output growth volatility Iow risk sample mean high risk
stdev(dY) 0.02 0.04 0.06
corr(tby, dyy) —-0.93 —0.52 —0.43
corr(Anfa,, dy) —0.88 —0.87 —0.46
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Figure 1 shows that within the cross-section of countries even a higher output growth volatility
is not unlikely to occur. Considering a upper bound of output growth volatility (stdev(dY)) in the

data of for example around 0.09 would even imply positive relationship between capital outflows

and output (growth) at business cycle frequency, i.e. corr(Anfa,,dy;) of around 0.4. Thus, moving
from a low risk towards a higher risk environment does not even lead to an increase in the correlation
between capital flows and output growth but causes a positive sign in the cross correlation.

In summary, this section has shown that the model is able to replicate the empirical results by
relating the findings to a precautionary savings motive of households, which aim to increase their
savings to accumulate a buffer stock of foreign assets in the long-run to insure against the presence
of higher uncertainty about the future expected income stream to keep consumption stable. A
higher long-run net foreign asset position requires to accrue in the short-run more net foreign
assets so that in the short-run capital outflows occur even when output growth is high. As a
result, a more positive relationship between capital outflows and output (growth) at business cycle

frequency occurs as uncertainty increases.

3.2 The economy with an endogenous capital stock

We now turn to a model where output is not only driven by movements in technology but also
by labour and capital as inputs to production. Firms produce a single good which is used for
consumption and investment in the small open economy as well as in the rest of the world.

As before, households obtain utility (1) from consumption and hold an international real bond
B on which they now receive a stochastic return from the world real interest rate r. In addition,
they provide capital K to firms on which they receive a return r* and offer labour inelastically to

firms at a wage rate WW. Then the budget constraint equals
WL 4+ 1By +1f K1 = Cy + I, + Sy + By — By, (21)

whereby the no-Ponzi game restriction and Transversality condition are assumed to hold. The

world real interest rate evolves by
re =1 —=p")r+4p" (ri-1) + e,

with r reflecting its steady state value. Output follows out of labour, capital and technology, so
that
Y = (LZ)" K}, (22)

whereby technology evolves according to (4) and (5). The capital accumulation equation equals
Ki=(1-96)Ki—1+ I, (23)
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with a return on capital and wages equal to
147 =1 —a)(LZ)* K% and Wy = aL- Y Z0 K18 respectively. (24)
A domestic (exogenous) spending shock S is introduced, which is defined as
S¢S\ o (St1 S
(zfz) =’ <zt_1 Tz)"

The Euler equation is given by

1 Cii1 > -
—=F 14+r . 25
s=m (%) m)] 29
Capital adjusts to meet
I Crr1\ 7 k
5= b (Ct > <1+rm+5> . (26)

As before, the economy is growing at a stochastic growth rate. To find a solution the system
must be made stationary. All variables are therefore expressed relative to productivity, Z;, to make
them stationary. The full solution to the model is presented in the appendix. Once we have the
solution we can rescale the variables relative to output, with X=X /Y. Then from the budget
constraint it follows that

A/ﬁ/At =14+ igt_l — ét — j:t - gt- (27)
dYy

The other variable of interest is the trade balance, TB = Y — C — I, defined as the difference

between production and absorption. The trade balance relative to output equals then
TB,=1-C;—1,— S, (28)
The Euler equations with respect to consumption and capital are
~ —0 ~ —0o k
Ciy1 (1+rip1) Ciy1 (1+7f)
Ci Ay,

Cy dY
We have discussed the implication of the consumption Euler equation in section 3.1. What are the

- =F and — = E , respectively. (29)

consequences of output volatility for the rental rate of capital? To see this consider its approximated

form

cov (@H, (1 + TfH + 5)) — cov (5’t+1, 1+ rt+1)

E, (1 +rk 4+ 5) = B (14 r41) 40 (30)

~ var(at+1) var(dYiy1)
EiCia (1—1—0(0—1—1)%—%0(0—1—1)%
Equation (30) shows nicely the relationship between the return to capital and the world real interest

rate. Without any risk, the domestic rental rate to capital ¥ is equal to the world real interest rate

r. However, once uncertainty enters the economy a wedge is driven between the domestic return
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to capital and the world real interest rate. In general, a higher r* will make it less attractive for
firms to instal an additional unit of capital and investment should fall.2! Whether the return to
capital is higher in a stochastic environment depends on the volatility of output growth as well as
the covariance relationship between the return to capital and the world real interest rate. All else
equal, a higher output growth volatility will lead to a decline in 7*. The economy wants to build
up its future capital stock to insure against the higher uncertainty, such that households want to
invest more today and consume less. A similar effect obtains with respect to higher consumption
variability. A positive correlation between consumption and the world real interest rate would mean
that the financial asset cannot provide the desired consumption smoothing. Instead, households
would desire a higher future capital stock to do so. Consequently, the return to capital declines
to make investment more attractive. The opposite holds with respect to the correlation between
consumption and the rental rate to capital.

The implications of risk for the steady state are similar to the ones discussed above. Again,
the long-run net foreign asset position of the small open economy can be endogenously defined
within the stochastic steady state. To fully obtain the general equilibrium effects we proceed as
above. We postulate a linear decision rule around the stochastic steady state and solve jointly the
stochastic steady state and the coefficients of the decision rule. The full solution is provided in
the appendix. To illustrate the working of the model we keep the calibration of section 3.1.1 with
respect to the steady state world real interest rate r, time preference 8 the steady state growth
rate G and the persistence of the growth rate shock p. Given that within this section we have
introduced further stochastic disturbances we set the standard deviation of the growth rate shock
o, equal to 0.007 and level shock o, equal to 0.03, while the standard deviation of the world real
interest rate disturbance o, is set to 0.05 and of the spending shock o. is equal to 0.015, following
Cicco, Pancrazi and Uribe (2010). We also use their estimates with respect to p®, which is equal
to 0.29 while p” is set at the higher end of their estimates, equal to 0.95. Finally, the depreciation
rate 0 is set at 0.04. Those values are close to our sample average of the volatility of output, equal

to around 4 percent.

3.2.1 OQOutput growth volatility, capital flows and external assets

Before we assess in more detail the implications of higher output growth volatility for the long-run

external asset position and the correlation between output growth and capital outflows, we provide

21To see this, consider the marginal product of capital (24), which can be written as E (1 + r,’fH) =
E: ((1 — a) (Yi41) /K¢). Assuming for a moment for simplicity that the depreciation rate is 6 = 1, it follows from the
inverse function role that 91, /OE; (rfy1) = —1/E¢ (a (1 — a) (Yit1) /K7) < 0.
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Figure 4: Responses to a negative shock to the world real interest rate for different risk scenarios.
Notes: The low risk environment is obtained by setting the standard devation of output growth
equal to 0.02, the sample mean environment by setting it equal to 0.04 and the high risk environment

by setting it equal to 0.06, respectively.

impulse response functions to the two additional shocks introduced in this section.?? In Figure 4
we show the reaction of the economy under the above proposed different risk scenarios to a 0.1
percent point decline in the world real interest rate while Figure 5 shows the effects of a decline in

part of exogenous domestic spending by 0.1 percent.

The effects of a world real interest rate disturbance As the stochastic world real interest
rate declines households can finance today’s consumption more cheaply, so that consumption rela-
tive to output increases in panel b. of Figure 4. Given the link between the return to capital and
the world real interest rate as described by (30), households have an incentive to instal more capital
at a cheaper rental rate. Hence, they invest more and accumulate a higher capital stock. Panel
c. shows that the capital stock increases. Consequently, also output increases and so does output
growth in panel a. The higher domestic absorption causes a deterioration of the trade balance, as

shown by panel d.

2 An innovation to the growth rate of technology or the level of technology has qualitatively the same implications

as discussed in section 3.1.2.
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Figure 5: Responses to a negative shock to the exogenous part of domestic spending for different
risk scenarios. Notes: The low risk environment is obtained by setting the standard devation of
output growth equal to 0.02, the sample mean environment by setting it equal to 0.04 and the high

risk environment by setting it equal to 0.06, respectively.

Figure 4 also once more nicely shows the effects higher output growth volatility has on the real
side of the economy. The higher the uncertainty about the economic environment, i.e. the higher
the variability of output growth, the more precautionary households are. To insure against the
higher uncertainty they are willing to build up a higher capital stock and to accumulate relatively
more savings by consuming less. Consequently, the trade balance improves in relative terms the
more riskier the economic environment becomes. The relatively higher trade balance will then also

translate into a relatively higher net foreign asset position.

The effects of a domestic spending disturbance In Figure 5 we illustrate the effects of a
decline in part of exogenous domestic spending by 0.1 percent. This will have an recessionary
effect as shown by panel a. and the capital stock declines. However, the decline in spending frees
some resources for private consumption at a given world real interest rate. So that consumption
to output in panel b. increases slightly. The decline in output and a higher consumption causes

an overall deterioration of the trade balance in panel d.
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The effects of higher output growth volatility are similar to above. The riskier the economic
environment is, the less willing households are to accept variation in their consumption profile.
Consequently, the consumption response in panel b. is mitigated. It follows that households
want to keep a relatively higher capital stock. Due to the mitigated consumption response the

deterioration of the trade balance in panel d. is smaller than in a lower risk environment.

Long-run external assets and the correlation between output growth and capital out-
flows In this section we compare the prediction of the model regarding the effects of output
growth volatility on the long-run net foreign asset position, mean(m% and the correlation be-
tween capital outflows and output growth, corr(Agdp, m), as well as corr(Agdp, 157)) at business
cycle frequency. To do so we compute model implied data by simulating 1000 data series for each
country, letting the model match the actual average output growth volatility of the country in
question. Therefore, the stochastic disturbances which hit the economies are adjusted respectively,
but keeping their relative importance as outlined above. When simulating the data series we also
account for the country specific underlying growth trend. The results are summarized in table (7).

Table (7) displays regression results, given the countries’ different growth trends and risk pro-
files. The table confirms the relationship between output growth volatility, capital flows posi-
tion and the external asset which we have established in section 2. The point estimates by the
model implied data on output growth volatility, stdev(AGDP), given either corr(Agdp, m),
corr(Agdp, tb) or mean(m) are quite close to those of table (3). Table (7) also confirms that

output growth volatility affects corr(Agdp, A/T:f/a), corr(Agdp, t~b) or mean(N F A) positively and
statistically significant. All in all the model is able to replicate the empirical facts established in

section 2.

4 Conclusions

This paper proposes a new perspective on international capital flows and countries’ long-run ex-
ternal asset positions by investigating the effects of higher economic uncertainty on international
capital flows and the long-run external asset position. In particular, we shed light on the role of
output growth volatility for the relationship between capital flows and output growth at business
cycle frequency as well as the long-run net foreign asset position. Extensive evidence based on
a cross-section of 84 developing and emerging countries shows that over the last three decades
countries that have had on average higher volatility of output growth, firstly, accumulated higher
external assets in the long-run and, secondly, experienced more procyclical capital outflows over
the business cycle than those countries with a same growth rate but a more stable output path.

To explain this finding we provide a theoretical mechanism within a stochastic real business
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cycle growth model in which higher uncertainty of the income stream increases the precautionary
savings motive of households. They have a desire to save more when the variance of their expected
income stream is higher. Within the model it is shown that the combination of income risk and a
precautionary savings motive causes more procyclical capital outflows at business cycle frequency

and a higher long-run external asset position.
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5 Appendix: Data

Following Gourinchas and Jeanne (2012), all variables are PPP adjusted. Data expressed in current

USD such as data taken from Lane and Milesi-Ferretti’s External Wealth of Nations data set are

converted into constant international USD, the denomination used by the Penn World Tables

(PWT), by dividing them by the deflator @

CGDP

@=Plpapp

where P1I, is the price of investment goods and CGDP; and RGD P, are GDP levels in current and

constant international USD, respectively. The data series used are the following:

10.

. The savings rate (S/GDP) in constant local currency units is taken from the World Devel-

opment Indicators.

. The investment rate (I/GDP) in constant local currency units is taken as gross capital

formation from the World Development Indicators.

. The net foreign asset position (NFA) in current USD is taken from the External Wealth

of Nations data set, divided by @: to obtain constant international USD and expressed in

percent of GDP in constant international USD taken from the Penn World Tables.

. The trade balance (T'B), measured as exports minus imports in current USD, is taken from

the PWT and also expressed in percent of (nominal) GDP from the PWT. The trade balance
is detrended (ﬁt) by its mean.

. Per capita real GDP (GDPpc) is taken from the PWT.

. The level of real GDP (GDP), which is obtained from multiplying GDPpc by the size of

the population taken from the PWT. We also employ the average growth rate of real GDP
(dGDP).

. The price of investment goods (PI) is taken from the PWT.

. A measure of openness to trade (openn) is constructed as the sum of exports and imports

over GDP, both taken from the PWT.

. The Chinn-Ito index (chinn — ito) is used to measure the degree of capital account openness

(Chinn and Ito 2008).

The average years of schooling (schooling) of the population aged 15 and above, averaged

over 1980-2005, taken from the Barro-Lee database.
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11. Variables describing the institutional environment taken from the World Development Indica-
tors (WDI) database. The indicators measure the prevalence of the rule of law, the degree of
political stability, the degree of corruption control and the quality of regulation. All variables
are averaged over the period starting in 1996 (the earliest available observation) and ending
in 2007. The resulting four values are averaged for each country to obtain a single indicator

measuring the quality of institutions (qual instit).

The data is annual and covers the period 1980 to 2007. The countries included are listed in
Table (1). The countries are also classified as rich countries and poor countries according to their
per-capita GDP and as large, medium-sized and small countries according to their population.

Details are also given in Table (1).
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6 Appendix: Model

This appendix provides the solution to the model with an endogenous capital stock. we start with
providing the solution to the stochastic steady state from which then the dynamics of the model

are derived.

6.1 The stochastic steady state

In the stochastic steady state the consumption Euler equation equals

var (0)

1 — 7
Loz a+n 1400+ —L +o(0+1) ) (31)
B C dzZ
cov 5’,1+r cov 5’,dZ
(G e (az))
C cdz

which provides us with a solution to 5, where here X = X /Z and similarly for the other variables

in question. Note that that the steady state growth trend is G = exp(dZ), with dZ > 1. Tt follows

from (26) that
var (6’)

l = diz*o' <1+7’T€+(5> 1—*—0’(0‘—*—1)7724—0'(0-4_1)% (32)
b C dZz
cov (C, (14 7F 44 cov (C,dz
-0 ( (i )>+0'2 {, ) ’
C cdz

which can be solved for r*. Given (31) and (32) we can solve for the remaining variables. From

(26), the capital stock is given by

1
K= (1"
= .
The evolution of the capital stock (23) gives the solution to investment, which equals

T—- (““”‘dz) 3
dz
From (22) output equals

given that the exogenous labour supply is set equal to unity. We assume that S =0 for simplicity

within the steady state, so that from the budget constraint (21) we get
—_ d7 — — —~
3:77[}/—[—@, (33)
aZ — (1+r)

from which we can solve all remaining variables of the system such as ﬁ, and capital flows, An fa.
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6.2 Linearized system

In the following we assume that o = 1. Note that Z = In(X /?) while for external assets, by,

the trade balance, t~bt, and capital flows, Anfa,, we define z = X — X. We linearize around the

stochastic steady state. Using (10) for )?t = Xy/Z; we have

| ~ cov (O’ dZ) (1+7) 1 var (C) var (dZ)
— (EtCt+1 — Ct) = —2j772EtdZt+1 + 1 —_—— =2 — 6 —>»
B cdz Eydzyyy | dZ azC az
cov 6’,14—7" E(1 T s var (C A
+(~ )Etdzt+1 4 Bt re) ;Z”“) 142 ~<2 ) + 2wﬂ§ )
cdz C dz
Jok cov 5’, dz var (C cov 5, 1+r
|- <~ )—<1+r)4 (2>+ (~ ) :
dz cdZ C C
which can be written as
- var (C dz
Et+Et(1+7”t+l)i 142 (2 ) +2vai2 ) (34)
dz c dz
cov (6, dZ) var (CN’) cov (5, 1+ 1")
= B |[l+=|—="+0+1r)d—%"— =
dz dzC C C
var (C dz cov 5’, dz cov 6’, 147
—l—Etdthi (1+T) 1+2 ~<2 ) —|—6,Uai2 ) +2 g ) _ ( _ )
dz C dz cdz C

At the deterministic steady state, where 1/8 = (1 + ) /dZ, we have Et+ﬂ—7t/(l—|—r) = Ey[Ciy1 + dzpg1].

From the capital and consumption Euler equations (30) it follows that

C
Et+Et(1+rf+1)dé 1+2W5(2 >+2“a;;dz) (35)
e s d‘; CM)C(ZZC’;Z) . (1 ok +5> 41}@7“6(20) oo (C’g —|—7~k)
_|_Etdzt+ldﬁz (1_|_7Tk_|_5> 1+2va7“5(20) —1—6002552) +QCOUéC;',ZdZ) - cov <Cg+Tk)

o —

Again, at the deterministic steady state this would be equal to E;(1 + rfﬂ) = Et(].ir\t_t,_l). Fur-

thermore, from (24) we have
Et(lml) =(1-a) ad7a§_a <Etdzt+1 — Et> and 1/—1—71{“ =(1-a) ad7a§_a <dzt — Et_l) .
Output, (22), can be written as
Ut = (1 - Oé) (%tfl - dZt) .
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From the budget constraint (7) it follows that

= - = = = (147 B(l+r) — B [~ K(1-9)
CCt + bt +Kkt + St = Yyt + bt_l < d7 dZtT +1 +Ttd:Z + (kt_l dZt) T,

which becomes

55,5 + gt + EEt + 5 = gt—ng + mtﬁ + 7f/t—lrjg —dzlyg; (36)
where
1
oo ()
az B
_— (1-6)K+(1—a)dZY
E B az B B
N (147)B+(1—0)K + (1 —a)dZY
dz - d7
Given equations (34)-(36), the relevant linearized system can be summarized by
G+ E(1F rp)Ter = Bl + EdzeiUegs, (37)
—~ F"F k ~ — E ~ — E F~
k=r",c -~ g k
— FEi(1 = b1I++1 = —
<C'+ T, >0t+bt+3t t( +7“t+1)rrk b1l + 1+ (dZ Frk> (38)

..
—dzt (Fdz - FE <1 — Ir“l,c))
r

~ TFr"“,c = Frk,c
+Eici K T -K({1- T Eydziiq,

rk rk

given N
L., = B 1 +2var (C> 4 ouar (dZ)
S ¢ iz
M- ([(1+7748) - @ ] ared) - em(CartlenCran))
h [1 + 2”‘“;(25) i 2var(¢éZ)] ;
c az
i (08 @) e (ere)))
dzC ol G
Ceer = {1+dﬁz MEZC’;Z)J“ <1+T7+5) 4@@;(20) - cov (Cg+rk>):| |
Tz = dBZ (1+7) |1+ 2@@;(2(7) N 6@@:;2) L, é(;z az) o <Cél +7) |
and )

C C C k

Ledzp = dﬂZ (1 +rk + 5) 1+ 2varé<20> N Gva;;;lz) N QCové(;,ZdZ> ~cov ((Jg +r )
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6.3 Solution to the system
6.3.1 Decision rules

We postulate a linear decision rule around the stochastic steady state which is given by

—

Et = acbgt—l + Qegdt + Qewws + acrl +ry + a08§t7 (39)

by = appbi—1 + Abg Gt + Apwwi + ap 1 + T4 + apsdt, (40)
and

ke = agpbr_1 + kgt + Wi + aprl + 74 + Qpssy. (41)

Then given (37) and (38) we get a solution to the coefficients on consumption
T, T;— 1
Geb = ~ T ~ T ’
Lee ((C + = :) - Kr ;’;»:’C)
~T 5T %
prrc,r (1 - ach Ifkkc) - Pc,cacb (d% - ﬁ + ?f)

NF’V' c ~ FNFT c ~Fr’c ’
(R — (€4 B5020) ) P — (1= Tep) (1 — 0k 7o)

Qer =

> FTk C Frk C T F’I‘k C
Leazp (1 — ap K Fr}; ) + Lecaep (FE <1 - Fr’; ) - K (1 - ﬁ) p— Fdz)

Gcg = ~T ~ TI.T ~T ’
(1= Teep) (1 - aa K122 + (O F2ie ) — pK 52 ) Doty
I"I‘k (&
(FE (1 - Fr’; ) - Fdz) Fc,cacb
Qe = ~T — T-T 9
(1 aaRF) + Toe (€ + 5252 ) agy

and

e — 1—‘c,cacb

e 7> FT C 7> FT (& ~ F~FTk (& )
(1= Teep?) (K122 = 1) 4 Toean, (0 Kgie — (C 4+ i)
For the net foreign assets we have
1
App = )
Fc,c
N (acr (1 - Fc,cpr) + pTPC,T)
Qpr = ’
I‘c,cacb
oy, — (3o (1= Teep) = Teazp)
9 Fc,cacb ’
Uy = Qe
v 1—\c,cacb ’
and
o5 (1 =Teep?)
Aps = ————>.

1—\c,cacb
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For the capital stock it follows

agp = —acpa FTk’C
kb cb@bb Frk )
FT’“ c
= (0= T 01+ ) 4 ).
rk
F'r'k,c
Ay = _acbabwl—‘irkv
p" (1 + aCTFTk’C) + Frk,cacbabr
Ay = — )
Ix
and
s F,,,,k7c Frk7c
Qs = —P Qes 7 — AchQps .
T Tx

With the policy rules in hand we can derive the remaining endogenous variables of interest. To

define the conditional moments we need the evolution of the rental rate to capital, which is given

by -

1+ 7F=—ark (akbgt—l — (1 =arg) gt — (1 = apw) wi + aprl + 1 + agsSy

6.3.2 The second moments

From the stochastic steady state it follows that we have determine the covariance relationship
between consumption and the growth rate of the economy, cov (6’,dZ>, the world real interest
rate, cov (5 , 1+ 7") ,as well as the rental rate of capital, cov (é , 1+ r"“). Furthermore, the variance
of consumption, var (5’), and the growth rate, var (dZ), have to be derived.

We therefore define the conditional moments. We assume that the shocks are uncorrelated

between each other. The conditional moments are calculated given the impact matrix

Qpg Ay Qb Aps
kg Ay A Qs
S = Geg Qew Qcr Gcs

ark (1 —agy) ok (1 —agy) —arkay, —arka,

and the diagonal variance-covariance matrix

o2 02 0 0
_ | 0 ¢ 0 0
=10 0 o 0
0 0 0 o2
Then the conditional moments CM are given by
CM = S8’

We need solutions to the variance var(C), while var(dZ) = o2 + 02,. Then

~ 2 2., 2 2, 2 2 2
var(C) = ag0y + a5,0y + ag.0¢ + acso; (42)

var(dZ) = o2 +c2 (43)
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Furthermore we need solutions to the covariances cov (6’, (1 + rk)) , COU (6’, (1+ T)) and cov (6’, dZ) ,

which are given by

cov <5, (1 + Tk)) = ark(1- aky) 02 + ark (1 = ay) 02, — arkago? — arkago?,  (44)
cov (CN', (14 1“)) = A0, (45)
cov (5’, dZ) = acgag + acwafu. (46)

We have 8 unknowns, given by E, 5, rk, var(é), var(dZ), cov (6, (1 + rk)> , COV (6, (1+ 7’))
and cov (6, dZ), for which we have 8 equations given by (31), (32), (33) and (42)-(46). This
allows us to solve the system. We are using an iterative non-linear procedure, which enables us to

solve this fixed point problem.
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Table 1: Countries in the sample.

Albania R S  Czech Republic R S Kenya P M Poland R M
Algeria R M Dominica R S Korea R M Portugal R S
Angola P S Ecuador R S Latvia R S  Senegal P S
Antigua & Barb. R S E?y t R L  Lesotho P S  Singapore R S
Argentina R M E S%lvador R S Libya R S Slovak Republic R S
Bahrain R S Ethiopia P L Madagascar P M Slovenia R S
Bangladesh P L Fij R S Malawi P S  South Africa R M
Belarus R S Gabon R S Malaysia R M Sri Lanka P M
Belize R S Gambia R S Mali P S Swaziland R S
Benin P S Ghana P M DMalta R S Syria R M
Botswana R S Grenada R S Mauritius R S alwan R S
Brazil R L  Guatemala R S Mexico R L  Tanzania P M
Bulgaria R S Haiti P S Mongolia P S Thailand R M
Cambodia P S Honduras R S  Morocco P M Tonga R S
Cameroon P S Hong Kong R S Mozambique P M Trinidad & Tob. R S
Chile R S  Hungary R S Nigeria P L  Tunisia R S
China R L India P L Oman R S Turke R M
Colombia R M Iran R M Panama R S Uganda P M
Costa Rica R S Israel R S PapuaN.G. R S Uruguay R S
Croatia R S Jamaica R S Paraguay R S  Venezuela R M
Cyprus R S Jordan R S Peru R M Zambia P S

Notes: The countries are classified by size and level of development. The set of poor (denoted
by P) and richer (denoted by R) countries are defined as all countries with average PPP converted
to GDP per capita over the period 1980-2007 within the ranges 0-3000 and 3000-25000, respectively.
The set of small (S), medium (M) and large (L) countries include countries with 2007 populations

of, respectively, less than 20 million, between 20 and 80 million and more than 80 million.
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Table 2: Saving, Investment and Uncertainty
dependent variable

S/GDP I/GDP
) (2) (3) (4)
constant 0.064 —1.038 0.214 0.312
(0.047)  (0.322***)  (0.026)  (0.220)
stdev(AGDP)  2.227 2.250  0.537  0.475
(0.909**)  (0.704***)  (0.478)  (0.532)
log(GDP 0.062 0.018
og( pe) (0.013***) (0.008**)
log(GDP) 0.026 —0.007
(0.008***) (0.006)
dGDP 0.635 0.828
(0.893) (0.629)
log(PT) —0.020 —0.026
(0.040) (0.028)
open 0.000 0.000
(0.000) (0.000)
Chinn-Tto 0.004 —0.007
(0.000) (0.015)
R2 0.088 0.515  0.021  0.138
adj. R? 0.072 0.448  0.004 0.018
obs. 59 59 58 58

Notes: Robust (White) standard errors are given in parenthesis. A significance level of 1%, 5%

and 10% is indicated by ***, ** and *, respectively.
y
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Table 3: Baseline results

dependent variable

corr(Agdp, Anfa) corr(Agdp, LTZ;) mean(m)
(1) 2 (4) (5) (6 (M) (8)
constant —-0.070 —-0.175 —-0.760 —0.295 —0.360 0.556 —-0.016 —0.113
(0.059) (0.541) (0.603)  (0.091***)  (0.677)  (0.671) (0.004%%*)  (0.026%**)
stdev(AGDP) 2.756 2.797 4.082 3.779 3.906 5.071 0.207 0.249
(1.043%%*)  (LO51%**)  (1.555%*)  (L768**)  (1.802**)  (1.973**)  (0.072***)  (0.066***)
DNFL 0.210 —0.081
(0.151) (0.182)
DNFL ¢ stdev(AGDP) —0.572 —4.281
(0.227) (3.072)
log(GDPpc) —0.053 —0.036 0.042 0.013 0.004
(0.025*%)  (0.026) (0.028) (0.029) (0.001%%*)
log(GDP) 0.025 0.032 —0.022 —-0.037 0.001
(0.014%)  (0.015%*) (0.019)  (0.020%) (0.001)
dGDP —-3.016 —1.902 —1.332 —-3.093 0.175
(1.633%)  (1.698) (2.184) (1.925) (0.080*)
log(PI) 0.015 0.022 0.062 0.053 0.009
(0.082) (0.081) (0.100) (0.091) (0.004%*)
open 0.000 —0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
Chinn-Ito 0.039 0.040 —0.041 —-0.038 —0.000
(0.031) (0.028) (0.032) (0.027) (0.001)
R? 0.053 0.141 0.209 0.066 0.137 0.299 0.091 0.319
adj. R? 0.042 0.060 0.111 0.055 0.056 0.212 0.080 0.255
obs. 84 83 83 84 83 83 84 83

Notes: Robust (White) standard errors are given in parenthesis. The dummy DNFE indicates
countries with an on average negative NFA position. A significance level of 1%, 5% and 10% is

indicated by ***, ** and *, respectively.
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Table 4: Baseline results for small/large and rich/poor countries

—_—
n

dependent variable

—_—

corr(Agdp, Anfa) corr(Agdp, th) mean(NFA)
(1) (2) (3) (4) (5) (6)
pemall —0.201 —0.308 —0.114
(0.584) (0.806) (0.039%**)
Dlaree —0.085 —0.186 —0.101
(0.624) (0.877) (0.037%**)
Drich 0.328 —0.640 —0.138
(0.589) (0.744) (0.035%**)
Dppoor 0.004 —0.558 —0.114
(0.552) (0.687) (0.029%**)
stdev(AGDP) x D™l 3383 4.442 0.317
(1.264%**) (2.178**) (0.138**)
stdev(AGDP) x D¥1ge 1111 2.544 0.058
(2.213) (3.225) (0.099)
stdev(AGDP) x D'ich 1.412 3.722 0.396
(1.371) (2.361) (0.151*%)
stdev(AGDP) x DPoor 5.507 3.747 0.004
(1.680%**) (2.601) (0.062)
log(GDPpc) —0.052 —0.091 0.047 0.071 0.004 0.005
(0.026**) (0.041%*) (0.033) (0.057) (0.001**) (0.002%*)
log(GDP) 0.025 0.027 —0.026 —0.022 0.000 0.000
(0.017) (0.014*) (0.027) (0.019) (0.000) (0.000)
dGDP —3.182 —2.901 —1.537 —1.514 0.154 0.179
(1.669*) (1.691) (2.318) (2.286) (0.069**) (0.065%**)
log(PT) 0.017 —0.014 0.058 0.071 0.009 0.011
(0.086) (0.085) (0.105) (0.101) (0.005**) (0.004***)
open 0.000 —0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Chinn-Ito 0.041 0.043 —0.038 —0.043 —0.000 —0.000
(0.032) (0.030) (0.033) (0.032) (0.002) (0.002)
R? 0.147 0.185 0.141 0.143 0.345 0.400
adj. R? 0.042 0.085 0.035 0.038 0.264 0.326
obs. 84 83 84 83 84 83

Notes: Robust (White) standard errors are given in parenthesis. A significance level of 1%, 5%

and 10% is indicated by ***, ** and *, respectively.
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Table 5: Baseline results with institutional variables
dependent variable

corr(Agdp, M) corr(Agdp, Ei)) mean(m)
(1) (2) (3) (4) (5) (6)
constant 0.223 0.164 —0.839 —0.364 —0.052 —0.064
(0.237) (0.237) (0.277%%+) (0.263) (0.019%**) (0.017%**)
stdev(AGDP)  2.635 3.202 3.028 2.884 0.223 0.256
(1.082%*) (1.264%*) (1.691%) (1.942) (0.101%*) (0.122%*)
log(GDPpc) —0.033 —0.024 0.065 0.019 0.004 0.007
(0.029) (0.041) (0.031%*) (0.039) (0.002**) (0.002+**)
qual instit 0.002 —0.129 —0.000
(0.051) (0.050%*) (0.003)
log(schooling) —0.020 —0.029 —0.009
(0.087) (0.111) (0.004%*)
R? 0.076 0.082 0.120 0.036 0.197 0.253
adj. R? 0.042 0.043 0.087 -0.004 0.167 0.222
obs. 84 75 84 75 84 74

Notes: Robust (White) standard errors are given in parenthesis. A significance level of 1%, 5%

and 10% is indicated by ***, ** and *, respectively.
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Table 6: Baseline results with idiosyncratic uncertainty

dependent variable

corr(Agdp, m) corr(Agdp, ﬁ)) mean(m)
(1) (2) (3) (4) () (6) (7) (8)
constant -0.062 —-0.204 —-0.810 —0.319  0.441 0.434 -0.017  —0.117
(0.072) (0.521) (0.564)  (0.091***)  (0.691) (0.649)  (0.006***)  (0.033***)
stdev(AGD P4i°) 2.773  3.047 4573 4536 4.659  6.230 0.239 0.287
(1.162*%)  (1.434**)  (2.492**)  (1.857**)  (L.901**) (2.254***)  (0.125%)  (0.120%*)
DNEL 0.218 —0.049
(0.175) (0.191)
DNFL ¢ stdev(AG D Pidi°) —0.728 —4.736
(3.056) (3.069)
log(GDPpc) —0.054 —0.037 0.041 0.012 0.004
(0.028*)  (0.028) (0.028) (0.032) (0.001%*)
log(GDP) 0.027 0.034 -0.019 —0.034 0.001
(0.015%)  (0.015**) (0.019)  (0.017*%) (0.001)
dGDP —3.162  —2.090 —-1.574 —3.351 0.161
(L571%%)  (1.588) (2.185)  (1.925%*) (0.066%*)
log(PI) 0.016 0.024 0.064 0.056 0.009
(0.080) (0.078) (0.010) (0.091) (0.004%*)
open —0.000 —0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000)  (0.000%*) (0.000)
Chinn-Ito 0.041 0.042 —0.039  —0.035 —0.000
(0.028) (0.027) (0.031) (0.027) (0.002)
R? 0.045 0.139 0.207 0.079 0.147 0.309 0.100 0.328
adj. R? 0.033 0.058 0.110 0.068 0.068 0.224 0.090 0.266
obs. 84 83 83 84 83 83 84 83
Notes: Robust (White) standard errors are given in parenthesis. The dummy DNFE indicates

countries with an on average negative NFA position. A significance level of 1%, 5% and 10% is

kkok skok

indicated by *** ** and *, respectively.
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Table 7: Model implied stylized facts
dependent variable

corr(Agdp, m) corr(Agdp, ﬁ)) mean(m)
(1) (2) (3) (4) (5) (6)
constant —1.636 —1.224  —0.680 —0.783 —0.003 0.005

(0.0700%**)  (0.324***)  (0.075***)  (0.402**) (0.002*) (0.0141)

stdev(AGDP) 2.846 2.428 9.598 9.189 0.225 0.223
(0.298***)  (0.956***)  (1.204***)  (1.188***)  (0.038***)  (0.038***)

log(GDPpc) 0.002 —0.010 —0.001
(0.016) (0.025) (0.0007)
log(GDP) —0.019 —0.001 —0.0000
(0.007%**) (0.014) (0.0004)
dGDP —9.055 2.938 —-0.177
(0.982%%+) (1.684*) (0.043**)
log(PI) 0.108 0.031 0.002
(0.052%*) (0.062) (0.002)
open —0.0001 0.0002 0.0000
(0.0006) (0.00009**) (0.0004)
Chinn-Ito —0.027 0.0195 0.0002
(0.016*) (0.021) (0.0007)
R? 0.064 0.639 0.467 0.513 0.305 0.464
adj. R? 0.052 0.606 0.461 0.467 0.297 0.414
obs. 84 83 84 83 84 83

Notes: Data on corr(Agdp, m), corr(Agdp, 157)) and mean(m) are generated by the model
given the countries’ risk profile and growth trends. Robust (White) standard errors are given in

parenthesis. A significance level of 1%, 5% and 10% is indicated by ***, ** and *, respectively.
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