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Abstract 
We examine the relationship between domestic saving and the current account in 
developing countries. Our three main findings are that: (i) domestic saving has a small 
effect on the current account; (ii) domestic saving has a significant positive effect on the 
trade balance – this effect is much larger than the effect that domestic saving has on the 
current account; (iii) domestic saving has a significant negative effect on net-current 
transfers. We use countries in the sub-Saharan African region as a laboratory for an 
instrumental variables approach. The IV approach enables to obtain estimates of casual 
effects. Underlying the IV approach is the significant positive first-stage response of 
domestic saving to plausibly exogenous annual rainfall: an unanticipated, transitory 
supply-side shock. We construct a small open-economy DSGE model with debt 
adjustment costs and endogenous current transfers to match the empirical findings. The 
model enables to examine the relationship between domestic saving and the current 
account for different types of shocks. An important message of our paper is that, for 
developing countries, estimates of the relationship between domestic saving and 
domestic investment are not informative for answering the question how domestic saving 
effects a country’s accumulation of net foreign assets. 
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e and Theory
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Abstra
t: We examine the relationship between domesti
 saving and the


urrent a

ount in developing 
ountries. Our three main �ndings are that: (i)

domesti
 saving has a small e�e
t on the 
urrent a

ount; (ii) domesti
 sav-

ing has a signi�
ant positive e�e
t on the trade balan
e � this e�e
t is mu
h

larger than the e�e
t that domesti
 saving has on the 
urrent a

ount; (iii)

domesti
 saving has a signi�
ant negative e�e
t on net-
urrent transfers. We

use 
ountries in the sub-Saharan Afri
an region as a laboratory for an instru-

mental variables approa
h. The IV approa
h enables to obtain estimates of


ausal e�e
ts. Underlying the IV approa
h is the signi�
ant positive �rst-stage

response of domesti
 saving to plausibly exogenous annual rainfall: an unan-

ti
ipated, transitory supply-side sho
k. We 
onstru
t a small open-e
onomy

DSGE model with debt adjustment 
osts and endogenous 
urrent transfers to

mat
h the empiri
al �ndings. The model enables to examine the relationship

between domesti
 saving and the 
urrent a

ount for di�erent types of sho
ks.

An important message of our paper is that, for developing 
ountries, estimates

of the relationship between domesti
 saving and domesti
 investment are not

informative for answering the question how domesti
 saving a�e
ts a 
ountry's

a

umulation of net foreign assets.
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1 Introdu
tion

The relationship between domesti
 saving and the 
urrent a

ount is an im-

portant topi
 in open e
onomy ma
roe
onomi
s. At least sin
e Feldstein and

Horioka (1980), there has been a large amount of resear
h done on this topi
.

Already at the early stage of resear
h, the question arose how to interpret and


ompare the empiri
al �ndings to the predi
tions from theoreti
al models (see

e.g. Obstfeld, 1986). Results of least-squares regressions that the empiri
al

literature do
umented are silent about what types of sho
ks are driving the

variation in domesti
 saving. For example: are these permanent or transitory

sho
ks; demand or supply-side sho
ks; anti
ipated or unanti
ipated? This is a

key issue when relating empiri
al results to predi
tions from theoreti
al models.

In all theoreti
al models, one has to spe
ify the type of sho
k that is 
ausing

the variation in domesti
 saving. Another, separate issue is that estimation

of a 
ausal e�e
t of domesti
 saving on the 
urrent a

ount is 
ompli
ated by

the endogeneity of domesti
 saving. Identifying exogenous sho
ks to domesti


saving in ma
roe
onomi
 data is di�
ult.

Our 
ontribution to the literature is threefold. First, we provide least squares

estimates of the relationship between domesti
 saving and the 
urrent a

ount

for a large panel of developing 
ountries that 
overs approximately half of the

world's population and spans about half a 
entury. We report least squares esti-

mates separately for di�erent regions in the world; regions are de�ned a

ording

to the World Bank 
lassi�
ation. The relationships established from the least

squares regressions are interesting, but interpreting them as 
ausal or 
ompar-

ing them to a model is not straightforward. To enable 
ausal interpretation

we use an instrumental variables approa
h. This is our se
ond 
ontribution to

the literature. The instrument for domesti
 saving is rainfall: an unanti
ipated,

transitory supply-side sho
k. The IV analysis is 
on�ned to sub-Saharan Afri
an


ountries, for reasons des
ribed below. For the sub-Saharan Afri
an region we


an 
ompare least squares to IV estimates. We 
an 
ompare least squares es-

timates for di�erent regions, to see whether the least squares estimates are

di�erent between the sub-Saharan Afri
an region and other developing regions

in the world. Our third 
ontribution to the literature is to build a DSGE model

with endogenous 
urrent transfers. The model delivers predi
tions of the re-

lationship between domesti
 saving and the 
urrent a

ount. For a transitory

produ
tivity sho
k like rainfall, we 
an 
ompare the model's predi
tions to the

instrumental variables estimates. Beyond 
omparison purposes, the theoreti
al

model enables us to generate predi
tions of the relationship between domesti


saving and the 
urrent a

ount for other types of sho
ks, su
h as 
hanges in

interest rates on external debt or trend TFP, for whi
h, at the 
urrent date of

writing, there is no 
learly exogenous, 
ountry-spe
i�
 instrument available so

that a 
ausal relationship 
an be estimated.

There are three main results from the least squares regressions: (i) in devel-

oping 
ountries the 
orrelation between domesti
 saving and the 
urrent a

ount

is small and, for some regions, statisti
ally indistinguishable from zero; (ii) there

is a signi�
ant positive and quantitatively sizable 
orrelation between domesti
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saving and the trade balan
e; (iii) a signi�
ant negative 
orrelation between do-

mesti
 saving and net-
urrent transfers. We show that these 
orrelations hold

in developing 
ountries a
ross di�erent regions in the world. For developing


ountries, there is a substantial di�eren
e in the relationship between domesti


saving and the 
urrent a

ount, and domesti
 saving and the trade balan
e.

We do
ument that this di�eren
e is spe
i�
 to developing e
onomies. For de-

veloped e
onomies, i.e. High In
ome Countries as de�ned by the World Bank,

least squares regressions show that there is no substantial di�eren
e in the rela-

tionship between domesti
 saving and the 
urrent a

ount, and domesti
 saving

and the trade balan
e.

In the instrumental variables regressions, we use year-to-year variations in

rainfall to study how a transitory, exogenous, and unanti
ipated supply-side

sho
k to GDP a�e
ts the relationship between domesti
 saving and the 
urrent

a

ount. We 
onstru
t instrumental variables estimates for a panel of 41 sub-

Saharan Afri
an (SSA hen
eforth) 
ountries during the period 1980-2009. The

IV approa
h is spe
i�
 to the group of SSA 
ountries. In SSA the agri
ultural

se
tor is relatively large: the average agri
ultural GDP share is about one-third,

and over two-thirds of the population is employed in agri
ulture (World Bank,

2017). It is well do
umented that year-to-year variations in rainfall have a

signi�
ant e�e
t on SSA 
ountries' year-to-year GDP growth (e.g. Miguel et al.

2004, Brü
kner and Ci

one, 2011). The novelty in this paper is to realize that

be
ause rainfall is a transitory sho
k to GDP, the permanent in
ome hypothesis

predi
ts that domesti
 saving should respond signi�
antly to this sho
k as well.

Indeed our panel model estimates show a highly signi�
ant positive e�e
t of

rainfall on domesti
 saving. A ten per
ent above 
ountry-mean in
rease in the

level of rainfall in
reases the domesti
 saving rate by around 1 per
entage point.

The main �nding from the instrumental variables analysis is that domesti


saving has a quantitatively small and statisti
ally insigni�
ant e�e
t on the 
ur-

rent a

ount. Controlling for 
ountry �xed e�e
ts, 
ountry-spe
i�
 linear time

trends, and year �xed e�e
ts the 
oe�
ient on domesti
 saving in the 
urrent

a

ount equation is around 0.0 with a standard error of around 0.2. In papers on

the Feldstein-Horioka puzzle, see the dis
ussion below, the dependent variable

is domesti
 investment. When the dependent variable in the IV estimation is

domesti
 investment, the estimated 
oe�
ient on domesti
 saving is around 0.5;

signi�
antly di�erent from zero and signi�
antly smaller than unity. That is:

about half of domesti
 saving is 
hanneled into domesti
 
apital a

umulation.

If one would have fo
used, ex
lusively, on the relationship between domesti
 sav-

ing and domesti
 investment, as has been 
ommon pra
ti
e in previous papers

on the Feldstein-Horioka puzzle, then one might have rea
hed the following 
on-


lusion: about half of domesti
 saving is used to in
rease net-
laims on foreign

assets. That would not have been the right 
on
lusion for developing 
ountries.

A dire
t approa
h to answering the question how domesti
 saving of de-

veloping 
ountries a�e
ts their net 
laims on foreign assets is to have in the

e
onometri
 model as dependent variable the 
urrent a

ount (or the 
hange

in net foreign assets). Estimation of that model shows that domesti
 saving

has a small, near-zero, e�e
t on the 
urrent a

ount. An important message is
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thus: for developing 
ountries it is in general not true that, in any given period,

when domesti
 saving ex
eeds domesti
 investment there will be an in
rease in

net-
laims on foreign assets.

When we look at the 
omponents of the 
urrent a

ount, we �nd that the

e�e
t of domesti
 saving on net exports is signi�
antly positive and quantita-

tively quite large. The instrumental variables regressions yield a 
oe�
ient in

the net export equation on domesti
 saving that is around 0.5. For net 
urrent

transfers, IV estimation yields a negative and signi�
ant 
oe�
ient on domesti


saving of around -0.6. Hen
e, the signi�
ant positive response of net exports

to domesti
 saving is in line with the predi
tion from the basi
 model of the

intertemporal approa
h to the 
urrent a

ount; however, the 
urrent a

ount

response is far o�.

In order to gain a deeper understanding of the relationship between domesti


saving and the 
urrent a

ount, we develop a small open-e
onomy DSGE model

for a typi
al SSA 
ountry. The SSA 
ountry fa
es transitory and persistent

domesti
 produ
tivity sho
ks, foreign output sho
ks and interest rate sho
ks.

The SSA 
ountry re
eives an endogenous transfer that we 
all aid. Following

Carter et al. (2015) the dynami
 aid allo
ation is an out
ome of a maximization

problem: the donor 
ountry allo
ates aid su
h that global welfare is maximized.

The SSA 
ountry has a

ess to international bond markets; however, it fa
es


osts to adjusting its net foreign asset position as in Neumeyer and Perri (2005)

and Uribe and Yue (2010). The SSA 
ountry 
an also invest in its domesti



apital sto
k. There is, thus, a trade-o� that the SSA 
ountry fa
es with regard

to allo
ating domesti
 saving: diminishing returns to s
ale of investing in the

domesti
 
apital sto
k, and 
osts to adjusting external debt.

In the model, a transitory produ
tivity sho
k in the SSA 
ountry in
reases

output on impa
t. Consumption is smoothed. The 
onsumption smoothing

implies that the transitory produ
tivity sho
k leads to an in
rease in domesti


saving. Domesti
 saving is allo
ated between net exports and domesti
 invest-

ment. Net exports signi�
antly in
rease; however, there is no similarly large

in
rease of the 
urrent a

ount. The reason for this is that foreign aid (i.e., net


urrent transfers) rea
ts 
ounter-
y
li
ally to the domesti
 produ
tivity sho
k.

In the model, the optimal aid poli
y of the ri
h donor 
ountry pres
ribes

that aid �ows to SSA 
ountries in
rease when the SSA 
ountries are hit by a

negative produ
tivity sho
k. The response of aid �ows to positive and negative

sho
ks is symmetri
, i.e. aid �ows de
rease when the SSA e
onomy is hit by

a positive produ
tivity sho
k. The response of aid �ows is almost as large as

the response of net exports. Hen
e, the response of the 
urrent a

ount to a

transitory produ
tivity sho
k is negligibly small, as shown by the estimates of

the e
onometri
 model. The theoreti
al model shows that if aid is exogenous,

i.e. does not rea
t to domesti
 produ
tivity sho
ks, the 
urrent a

ount be
omes

more pro-
y
li
al, and 
onsumption is mu
h more volatile.

Our model is minimalisti
, in the sense, that the only fri
tion assumed is a


ost to adjusting external debt. This fri
tion is important to repli
ate our em-

piri
al �ndings. The smaller the debt adjustment 
ost, the larger the 
orrelation

between the 
urrent a

ount and domesti
 saving. The reason for this is that

3



when the debt adjustment 
ost is small it is desirable to smooth 
onsumption

by adjusting debt. In that 
ase foreign aid is, endogenously, almost a
y
li
al.

And the 
orrelation between domesti
 saving and net 
urrent transfers is near

zero. � There is a large positive 
orrelation between domesti
 saving and the


urrent a

ount; and this 
orrelation is nearly as large as the 
orrelation be-

tween domesti
 saving and net exports. On the other hand, with very large

debt adjustment 
osts, the 
orrelation between domesti
 saving and the 
urrent

a

ount is 
lose to zero; foreign aid is strongly 
ounter
y
li
al; the 
orrelation

between domesti
 saving and net exports is positive and nearly as large as for

the 
ase of small debt adjustment 
osts.

Identi�
ation of sho
ks is 
ru
ial. In the model, only transitory produ
tivity

sho
ks generate a near-zero 
orrelation between domesti
 saving and the 
urrent

a

ount. Persistent domesti
 produ
tivity and foreign output sho
ks generate

a negative 
orrelation between domesti
 saving and the 
urrent a

ount. If the

volatility of output in the small open e
onomy is driven by TFP trend (87%) and

transitory (13%) domesti
 output sho
ks, as suggested by Aguiar and Gopinath

(2007), then a

ording to our model domesti
 saving and the 
urrent a

ount

should be negatively 
orrelated. For transitory sho
ks to the interest rate on

external debt, as in Gar
ia-Ci

o et al. (2010), our model predi
ts that the


orrelation between domesti
 saving and the 
urrent a

ount should be positive.

A key insight from the model is, thus, that the relationship between domesti


saving and the 
urrent a

ount 
riti
ally depends on the types of sho
ks that

the ma
roe
onomy fa
es.

The remainder of the paper is organized as follows. In the next se
tion we

relate our work to the existing literature. Se
tion 3 presents stylized fa
ts, i.e.

des
riptive statisti
s and least squares estimates. Se
tion 4 dis
usses results

from instrumental variables regressions. Se
tion 5 introdu
es the DSGE model.

Calibration of the model is des
ribed in Se
tion 6. Se
tion 7 
ontains a dis
ussion

of the impulse responses to the di�erent sho
ks. Se
tion 8 
on
ludes.

2 Related Literature

In a widely-
ited paper, Lu
as (1990) noted that there is not mu
h private


apital �owing from ri
h to poor 
ountries.

1

Re
ent empiri
al papers have


on�rmed the Lu
as paradox (e.g. Alfaro et al. 2008; Papaionnou, 2009). The

most salient explanation are appropriative institutions: in poor 
ountries private

property is not se
ure. Thus, despite 
apital being relatively s
ar
e the net (i.e.

risk-adjusted) return to private 
apital is relatively low. If fo
us is ex
lusively

on international �ows of private 
apital then, indeed, it seems as if �nan
ial

globalization is 
on�ned to developed 
ountries (Mishkin, 2007).

However, while private 
apital �ows to poor 
ountries are small there are

substantial 
urrent transfers to poor 
ountries in form of foreign aid and workers'

remittan
es. Current transfers are part of the 
urrent a

ount. In the Ely

1

The �ow of 
apital may even be in the other dire
tion, i.e. there is 
apital �ight, from

poor to ri
h 
ountries as pointed out by Tornell and Velas
o (1992).

4



Le
ture entitled �Globalization and Its Challenges�, Fis
her (2003) noted the

importan
e of 
urrent transfers for developing 
ountries: in parti
ular, at the

time of writing, Fis
her noted that aid �ows are substantial when measured

relative to developing 
ountries' GDP; for the poorest 
ountries, aid �ows are

mu
h larger in volume than private 
apital �ows.

Why does this matter? One of the main bene�ts of international trade is

risk sharing. A poor 
ountry that is hit by a negative, exogenous sho
k to

output may want to smooth 
onsumption by in
reasing imports. By keeping


onsumption smooth in the presen
e of 
ountry-spe
i�
 output sho
ks, vis-a-vis


hanges in the trade balan
e, welfare in the poor 
ountry is higher relative to

the 
ase of autarky.

2

How 
an the in
rease in imports be �nan
ed? One way to �nan
e the imports

is through foreign aid or remittan
es.

3

Using year-to-year variation in rainfall

as a transitory sho
k to output, Brue
kner and Gradstein (2013) showed that

for sub-Saharan Afri
an 
ountries there is substantial 
onsumption smoothing

at the ma
ro level.

4

The rainfall sho
k indu
es a signi�
ant positive 
orrelation

between output and the trade balan
e, and a signi�
ant negative 
orrelation be-

tween output and net 
urrent transfers. The �nding of signi�
ant 
onsumption

smoothing for poor 
ountries is surprising: at the very least, the me
hanism

is di�erent to the one des
ribed in the 
lassi
 
hapter on the intertemporal

approa
h to the 
urrent a

ount that 
an be found in the Handbook of Inter-

national E
onomi
s (Obstfeld and Rogo�, 1995).

5

The Handbook 
hapter model predi
ts that, a poor 
ountry hit by a negative

transitory produ
tivity sho
k smoothes 
onsumption by in
reasing imports of

goods produ
ed in another (possibly ri
h) 
ountry. The in
rease in the poor


ountry's trade de�
it is �nan
ed by borrowing from the ri
h 
ountry, i.e. there

is an in
rease in net �nan
ial liabilities. However, developing 
ountries fa
e risk

premia on external debt in the international bond markets; and for many of the

poorer 
ountries, these risk premia 
an be ex
essive (see e.g. the dis
ussion in

Fisher (2003), or Mishkin (2007)). Thus, substantial 
onsumption smoothing

through the trade balan
e is unlikely to be �nan
ed vis-a-vis in
reases in external

2

In the presen
e of domesti
 �nan
ial fri
tions, whi
h, as noted in the above 
ited papers

are severe, the poor 
ountry would not be able to smooth 
onsumption under autarky.

3

Chinn and Prasad (2003, p.71) brie�y noted the plausibility of foreign aid �nan
ing a

trade de�
it but did not explore further the impli
ations that this has for the relationship

between domesti
 saving and the 
urrent a

ount.

4

Brue
kner and Gradstein do not present estimates of the relationship between domesti


saving and the 
urrent a

ount. They also do not provide a DSGE model that enables to

study dynami
 e�e
ts, and how other types of sho
ks (e.g. interest rate or trend produ
tivity

sho
ks) a�e
t the relationship between domesti
 saving and the 
urrent a

ount in developing


ountries when 
urrent transfers are 
ounter
y
li
al.

5

Kraay and Ventura (2000) proposed a �new rule� to the 
urrent a

ount: the 
hange in the


urrent a

ount is equal to the 
hange in domesti
 saving times the ratio of net foreign assets

to wealth. Tille and Van Win
oop (2010) argue that this new rule only holds with one-way


apital �ows. The new rule is supported by 
ross-se
tion eviden
e but not by the within-


ountry eviden
e, as do
umented by Kraay and Ventura (2003). Tille and Van Win
oop

(2010) write that �It [the 
ross-se
tion eviden
e℄ is fundamentally distin
t from the new rule,

whi
h is about the dynami
 response to temporary in
ome sho
ks�.

5



debt (or, more generally, as we will show, in
reases in net foreign liabilities).

6

The above matters for answering an important question in international �-

nan
e: What is the e�e
t of domesti
 saving on the 
hange in net-
laims on

other 
ountries' 
apital? Feldstein and Horioka (1980) were the �rst to empiri-


ally do
ument that, for OECD 
ountries, there is a strong positive 
orrelation

between domesti
 saving and domesti
 investment. Or alternatively by noting

the de�nition of domesti
 saving, S≡Y −C−G = I+NX , that the relationship

between domesti
 saving and the trade balan
e is not that strong. This would

be 
onsistent with home bias in investment for developed 
ountries.

The seminal paper by Feldstein and Horioka (1980) fo
used on OECD 
oun-

tries. A de
ade later, Ba

hetta and Feldstein (1991), and others, see e.g. Sinn

(1990), Tesar (1991), Baxter and Cru
ini (1993) and referen
es therein, 
on-

�rmed the initial �ndings of Feldstein and Horioka: there is a strong positive


orrelation between domesti
 saving and domesti
 investment for OECD 
oun-

tries. Sin
e the 1980s that 
orrelation has been on the de
line; for the 2000s

it is 
lose to zero, see e.g. Blan
hard and Giavazzi (2002) or Giannone and

Lenza (2010). The Feldstein-Horioka �nding is one of the major puzzles in open

e
onomy ma
roe
onomi
s (Obstfeld and Rogo�, 2000).

7

For developing 
ountries, estimating the relationship between domesti
 sav-

ing and domesti
 investment (or alternatively net exports) does not provide a

satisfa
tory answer to the question how domesti
 saving a�e
t 
hanges in net-


laims on other 
ountries' 
apital. The 
urrent a

ount 
omprises not only net

exports but also net 
urrent transfers. If there is a negative 
orrelation between

domesti
 saving and net 
urrent transfers, then domesti
 saving and net exports

may be substantially positively 
orrelated; but there may not be a substantial

positive 
orrelation between domesti
 saving and the 
urrent a

ount. As we

will show in the following se
tions, for developing 
ountries, greater domesti


saving may not lead to signi�
ant in
reases in net 
laims on foreign assets �

even when the e�e
t of domesti
 saving on net exports is signi�
antly greater

than zero.

3 Stylized Fa
ts

3.1 Des
riptive Statisti
s

Table 1 provides means and medians of 
urrent a

ounts (as a share of GDP)

in developing 
ountries of di�erent regions in the world. The data are from

6

For many developing 
ountries external debt is not 
ounter
y
li
al as predi
ted by the

basi
 version of the intertemporal approa
h to the 
urrent a

ount. Arezki and Brue
kner

(2012a,b) do
umented this for the spe
ial 
ase of international 
ommodity pri
e windfalls;

whi
h end up to a large extent in the hands of government, i.e. the �s
al se
tor. Tornell and

Lane (1998) point to vora
ious rent-seeking in 
ountries with weak legal-politi
al institutions

as an explanation for why a positive terms of trade sho
k may lead to a 
urrent a

ount

deterioration.

7

For a paper that points to a Feldstein-Horioka puzzle in emerging e
onomies, see Chang

and Smith (2014).
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the World Bank's (2017) World Development Indi
ators. We 
all a 
ountry

�developing� if in 2016 its GNI per 
apita was less than USD12000. This is the

threshold above whi
h, a

ording to the World Bank, 
ountries are 
lassi�ed as

High In
ome Countries. The time period 
overed is 1960-2016, i.e. the longest

possible period given available data from the World Bank.

From Table 1, one 
an see that on average developing 
ountries: (i) ran


urrent a

ount de�
its; (ii) trade de�
its; (iii) and were net re
ipients of 
urrent

transfers. Comparing the trade de�
it (Panel A) to the 
urrent a

ount de�
it

(Panel B) one 
an see that the former is quite a bit larger than the latter. For

the average developing 
ountry, the 
urrent a

ount de�
it is about two to three

times the size of the trade de�
it. Net 
urrent transfers are an important part

of developing 
ountries' 
urrent a

ounts 
omprising around 5 to 10 per
ent of

GDP. One 
an also see from the des
riptive statisti
s in Table 1 that developing


ountries in the sub-Saharan Afri
an regions are not substantially di�erent from

developing 
ountries of other regions with regard to the e
onomi
 importan
e

of net 
urrent transfers, the size of the trade de�
it, and the 
urrent a

ount

de�
it.

For the �rst three de
ades sin
e the 1960s, foreign aid wa the most important


omponent of net 
urrent transfers; however, in the past two de
ades workers'

remittan
es have be
ome in
reasingly important (Yang, 2013). In sub-Saharan

Afri
a, the GDP share of aid re
eived is about twi
e as large as the GDP share

of remittan
es re
eived, see Table 2. With regard to the 
omposition of net


urrent transfers, sub-Saharan Afri
an 
ountries are somewhat di�erent to other

developing 
ountries. In South Asia and Latin Ameri
a migrant remittan
es

are about as large as foreign aid; in North Afri
a and the Middle East migrant

remittan
es as a share of GDP are about twi
e as large as the GDP share of

foreign aid.

3.2 Least Squares Regressions

Table 3 reports least squares estimates. The right-hand-side variable is the gross

domesti
 saving rate. The dependent variables are the GDP shares of the 
urrent

a

ount (
olumn (1)), net-exports (
olumn (2)), net 
urrent transfers (
olumn

(3)), aid re
eived (
olumn (4)), and remittan
es re
eived (
olumn (5)). The

di�erent panels show estimates for di�erent developing regions: sub-Saharan

Afri
a (panel A), South Asia (panel B), Latin Ameri
a (panel C), East Asia

and Pa
i�
 (panel D), and North Afri
a and Middle East (panel E).

The �rst main result is that there is only a weak relationship between domes-

ti
 saving and the 
urrent a

ount. In only two of the �ve developing regions is

the 
oe�
ient on the domesti
 saving rate signi�
antly positive. For those two

regions, the 
oe�
ient is far from unity: around 0.2 for sub-Saharan Afri
a and

around 0.4 in Latin Ameri
a. In South Asia and the Middle East and North

Afri
a the 
oe�
ient on the domesti
 saving rate is not signi�
antly di�erent

from zero; while in East Asia and the Pa
i�
 it is signi�
antly negative, around

-0.2.
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The se
ond main result is that there is a strong positive relationship be-

tween domesti
 saving and the trade balan
e. When the dependent variable

is the GDP share of net exports, the 
oe�
ient on the domesti
 saving rate is

positive and signi�
antly di�erent from zero in all �ve developing regions. The

largest 
oe�
ients on the domesti
 saving rate are in Latin Ameri
a, the Middle

East and North Afri
a, and sub-Saharan Afri
a; 0.7 and 0.6, respe
tively. This

suggests that there is a substantial positive 
o-movement between the trade

balan
e and the domesti
 saving rate in these developing regions. In other de-

veloping regions the 
o-movement is not as strong, but it is still positive and

signi�
antly di�erent from zero. In East Asia and the Pa
i�
 the 
oe�
ient on

the domesti
 saving rate is around 0.5, while in South Asia it is around 0.4. If

one were to interpret these estimates in a 
ausal way then one would say that,

roughly, about half of domesti
 saving is used to in
rease the domesti
 
apital

sto
k (i.e. domesti
 investment); the other half of the domesti
ally produ
ed

goods and servi
es that are not 
onsumed are exported.

The third stylized fa
t is that there is a substantial negative 
orrelation

between domesti
 saving and net 
urrent transfers. In all �ve developing re-

gions, the 
oe�
ient on the domesti
 saving rate is signi�
antly negative when

the dependent variable is the GDP share of net 
urrent transfers. The largest


oe�
ients (in absolute value) are obtained for sub-Saharan Afri
a, East Asia

and the Pa
i�
, and South Asia. In those regions, a one per
entage in
rease in

the domesti
 saving rate is asso
iated with a de
rease in the GDP share of net


urrent transfers of around 0.4 to 0.5 per
entage points. In Latin Ameri
a, and

North Afri
a and the Middle East, it's somewhat less; around 0.3 to 0.2 per-


entage points. Thus, when domesti
 saving in developing 
ountries in
reases

net 
urrent transfers to these 
ountries de
rease and vi
e versa. This is true for

foreign aid and remittan
es. I.e. there is a signi�
ant negative 
orrelation be-

tween domesti
 saving and foreign aid, see 
olumn (4), and a signi�
ant negative


orrelation between domesti
 saving and remittan
es re
eived, see 
olumn (5).

Looking at the size of the estimated 
oe�
ients, it appears that the negative

relationship between domesti
 saving and foreign aid is slightly stronger than

the relationship between domesti
 saving and remittan
es.

Table 4 shows that the relationship between domesti
 saving and the 
urrent

a

ount is not the same for developing and developed 
ountries. From 
olumn

(1) of Table 4 one 
an see that in developed 
ountries the 
oe�
ient on the

domesti
 saving rate is around 0.6. In developing 
ountries the 
oe�
ient on

the domesti
 saving rate is around 0.1, see 
olumn (3) of Table 4. One 
an reje
t

the hypothesis that in 
olumns (1) and (3) the 
oe�
ients on the domesti
 saving

rate are equal to ea
h other at the 1 per
ent signi�
an
e level. In developed


ountries there is a strong positive 
o-movement between domesti
 saving and

the 
urrent a

ount; but not so in developing 
ountries.

Table 4 also shows that the relationship between domesti
 saving and the

trade balan
e is similar in developing and developed 
ountries. From 
olumns

(2) and (4), one 
an see that the 
oe�
ient on the domesti
 saving rate is around

0.6. In developed 
ountries, the 
o-movement between domesti
 saving and net-

exports is similar to the 
o-movement between domesti
 saving and the 
urrent

8



a

ount. However, this is not the 
ase for developing 
ountries. Intuitively, the

reason for why in developing 
ountries there is no substantial di�eren
e in the


o-movement between domesti
 saving and the 
urrent a

ount and domesti


saving and net-exports is that the 
urrent transfers that developed 
ountries

make to developing 
ountries are small relative to developed 
ountries' GDP

(less than 1 per
ent).

There is a di�eren
e between domesti
 saving and gross saving. A

ording

to the World Bank's World Development Indi
ators: Gross Domesti
 Saving

= GDP - Final Consumption Expenditure. This is the standard de�nition of

domesti
 saving. The papers 
ited in Se
tion 2 on the Feldstein-Horioka puzzle

use domesti
 saving as the explanatory variable. The WDI has a variable 
alled

gross saving that in
ludes net 
urrent transfers, i.e. gross saving = GNI � Final

Consumption Expenditure + Net Current Transfers. When we use gross saving

as the right-hand-side variable we �nd that the relationship between gross saving

and the 
urrent a

ount is positive and quantitatively sizable in developing


ountries. See 
olumn (3) of Appendix Table 1. However, the relationship

between gross saving and net exports is virtually zero, see 
olumn (4).

8

This is

be
ause net exports and net 
urrent transfers are strongly negatively 
orrelated

in developing 
ountries: when a developing 
ountry re
eives a transfer from

abroad this �nan
es imports, whi
h are then 
onsumed.

Table 5 do
uments that in developing 
ountries there exists a signi�
ant neg-

ative relationship between net 
urrent transfers and net exports (Panel C); and

a signi�
ant positive relationship between net 
urrent transfers and 
onsump-

tion, in parti
ular, household 
onsumption and to a smaller extent government


onsumption (Panels A and B).

4 Sub-Saharan Afri
a as a Laboratory

In this se
tion we dis
uss results from an instrumental variables approa
h that

exploits the signi�
ant response of domesti
 saving to year-to-year rainfall. The

IV approa
h is suitable for the sub-Saharan Afri
an region: the average SSA

e
onomies' agri
ultural se
tor is large, over half of the workfor
e are 
urrently

employed in agri
ulture and about one-quarter of GDP is generated by the agri-


ultural se
tor. Of the �ve developing regions 
overed in the previous se
tion,

sub-Sahara Afri
a is the region with the largest agri
ultural se
tor.

9

In what

follows, we will �rst provide a dis
ussion of the estimation framework, and then

dis
uss the empiri
al results obtained by the instrumental variables approa
h.

8

In developed e
onomies, the distin
tion between gross domesti
 saving and gross saving

does not matter mu
h when relating these variables to the 
urrent a

ount and net exports,

see 
olumns (1) and (2) of Appendix Table 1.

9

Barrios et al. (2010) show that the signi�
ant e�e
t of rainfall on GDP is limited to the

sub-Saharan Afri
an region; in no other developing region in the world is there a signi�
ant

e�e
t.

9



4.1 Estimation Framework

As in Se
tion 3, the estimating equation relates the GDP ratio of the 
urrent

a

ount, CAct, (and its 
omponents) to gross domesti
 saving s
aled by GDP,

DomesticSavingct:

CAct = αc + βct+ γt + θDomesticSavingct + uct (1)

where αc are 
ountry �xed e�e
ts; βct are 
ountry-spe
i�
 linear time trends;
γt are year �xed e�e
ts; and uct is an error term.

It is important to note that be
ause we 
ontrol for 
ountry �xed e�e
ts we

identify the e�e
t of domesti
 saving on the 
urrent a

ount from the within-


ountry variation of the data. In other words, we do not use average 
ross-


ountry di�eren
es in domesti
 saving and the 
urrent a

ount to identify the

relationship. Average 
ross-
ountry di�eren
es in domesti
 saving and the 
ur-

rent a

ount are likely to be a 
onsequen
e of an array of fa
tors, some of whi
h

are di�
ult to measure, su
h as ethni
 divisions, so
ial norms, and trust; all

of these are likely to a�e
t saving and possibly the 
urrent a

ount beyond

saving. In addition to the e
onometri
 issue that using average 
ross-
ountry

di�eren
es to identify the relationship between domesti
 saving and the 
urrent

a

ount gives rise 
on
erns regarding omitted variables bias, the DSGE models

available do not readily allow to in
orporate these deep 
ountry 
hara
teristi
s

as key features for studying the relationship between domesti
 saving and the


urrent a

ount.

Given that in our estimating equation we identify the relationship between

domesti
 saving and the 
urrent a

ount from the within-
ountry variation of

the data, it is important to realize that (in the absen
e of endogeneity bias)

the least squares estimate, θLS , in equation (1) re�e
ts the average response

of the 
urrent a

ount to domesti
 saving. That is, least squares provides an

estimate of the relationship between domesti
 saving and the 
urrent a

ount

based on an average of di�erent types (e.g. persistent vs. transitory) sho
ks that

are indu
ing the within-
ountry variation in domesti
 saving. For 
omparison

of the e
onometri
 estimates to theoreti
al models it is 
ru
ial to have a 
lear

understanding of the type of sho
k that is indu
ing the variation in domesti


saving.

In the group of sub-Saharan Afri
an 
ountries, year-to-year variations in

rainfall are known to have signi�
ant e�e
ts on aggregate output (e.g. Miguel

et al. 2004; Brü
kner and Ci

one, 2011).

10

The AR(1) 
oe�
ient of year-

to-year variations in rainfall is less than 0.1. Thus, not only do we have an

exogenous sho
k to aggregate output at hand; we also have a sho
k to output

that is of transitory nature.

Under the ex
lusion restri
tion that rainfall only a�e
ts the 
urrent a

ount

through its e�e
t on domesti
 saving, instrumental variables estimation of equa-

10

Our data on year-to-year variations of rainfall are from the National Aeronauti
s and

Spa
e Administration (NASA) Global Pre
ipitation Climatology Proje
t (GPCP), version 2.1

(Adler et al., 2003). All other data are from the World Bank's World Development Indi
ators

(2017).

10



tion (1) 
aptures the 
ausal e�e
t that transitory, output-indu
ed variation in

domesti
 saving has on the 
urrent a

ount. In the instrumental variables esti-

mation, the se
ond-stage equation is simply equation (1), while the �rst-stage

equation is:

DomesticSavingct = ac + bct+ dt + ηRainfallct + ect (2)

where Rainfallct is the log of annual rainfall in 
ountry c and year t. Note

that we are using in the regression variations in rainfall, and not an indi
ator

variable for droughts or �oods. In order to ensure that our results are not driven

by extreme weather events, we ex
lude the top and bottom 5th per
entile of


ountry-spe
i�
 rainfall observations from all regressions.

We note that for the purpose of 
omparing the empiri
al results to the

predi
tions from the theoreti
al model, it su�
es to look at the redu
ed-form

responses. That is, it su�
es to look at the GDP-s
aled net exports response

as well as the 
urrent a

ount, net transfers, and domesti
 saving responses to

rainfall � and 
ompare the magnitude of the responses with ea
h other. This is

be
ause, observing a large redu
ed-form e�e
t of rainfall on net exports relative

to the redu
ed-form e�e
t of rainfall on, say, net 
urrent transfers is dire
tly


omparable with the size of the theoreti
al impulse response of net exports to a

produ
tivity sho
k relative to the theoreti
al impulse of net 
urrent transfers to

that produ
tivity sho
k. In other words, any s
aling issues related to the size of

the rainfall sho
k and how that rainfall sho
k a�e
ts individually the variables

will not a�e
t the magnitude of the relative responses.

In light of the above point, it is useful to re
all that the IV estimator is

simply the ratio of the redu
ed-form 
oe�
ient over the �rst-stage 
oe�
ient

(see e.g. Wooldridge, 2002; this is, of 
ourse, only true for an exa
tly identi�ed

model as we are estimating). Formally, the IV estimator in equation (1) is:

θIV = λ
η

where λ is the e�e
t of rainfall on the 
urrent a

ount that is obtained from the

redu
ed-form regression:

CAct = fc + gct+ ht + λRainfallct + wct (3)

For 
omparison to the predi
tions from the model, the se
ond-stage 
oe�
ient,

θIV , should therefore be interpreted as the redu
ed-form e�e
t of rainfall on the


urrent a

ount relative to the �rst-stage e�e
t that rainfall has on domesti


saving.

4.2 Empiri
al Results

4.2.1 Two-Stage Least Squares Estimates

In this se
tion we dis
uss two-stage least squares estimates of the relationship

between the 
urrent a

ount and domesti
 saving. The 
urrent a

ount response

to domesti
 saving is quantitatively mu
h smaller than the net export response.

11



This 
an be seen from the estimates in 
olumns (1) and (2) of Table 6. Column

(1) of Table 6 shows that in sub-Saharan Afri
an 
ountries domesti
 saving has

an insigni�
ant e�e
t on the 
urrent a

ount. The se
ond-stage 
oe�
ient on

the domesti
 saving rate is 0.04 and its standard error is 0.23. In 
olumn (1)

one 
annot reje
t the hypothesis that the se
ond-stage 
oe�
ient on domesti


saving is equal to zero at the 
onventional signi�
an
e levels (p-value 0.86). One


an reje
t the hypothesis that it is equal to unity a the 1 per
ent level (p-value

0.00). In 
olumn (2), where the dependent variable is net-exports, two-stage

least squares estimation yields a 
oe�
ient on the domesti
 saving rate that is

around 0.54 with a standard error of around 0.28. One 
an reje
t the hypothesis

that the se
ond-stage 
oe�
ient is equal to zero (unity) at the 5 (10) per
ent

level. Quantitatively, the estimated 
oe�
ient suggests that, on average, a one

per
entage point in
rease in the domesti
 saving rate leads to an in
rease in

the net exports to GDP ratio of about half a per
entage point. The di�eren
e

in 
oe�
ients between 
olumns (1) and (2) is around 0.5. Thus, if one would

have fo
used on the 
urrent a

ount only one might have mistakenly 
on
luded

that there is no signi�
ant relationship between domesti
 saving and net trade

of goods and servi
es.

The reason why the 
urrent a

ount response to domesti
 saving is quantita-

tively mu
h smaller than the net-export response is that there is a statisti
ally

signi�
ant and quantitatively large negative response of net 
urrent transfers to

domesti
 saving. This 
an be seen from the estimates reported in 
olumn (3) of

Table 6. The se
ond-stage 
oe�
ient on the domesti
 saving rate is -0.61 and

has a standard error of 0.28. Quantitatively, the estimated 
oe�
ient implies

that, on average, a one per
entage point in
rease in the domesti
 saving rate is

asso
iated with a roughly 0.6 per
entage points de
rease in the GDP ratio of

net 
urrent transfers. In other words, net 
urrent transfers are strongly nega-

tively a�e
ted by domesti
 saving. From 
olumns (5) and (6) one 
an see that

domesti
 saving has a signi�
ant negative e�e
t on re
eipts of foreign aid; there

is no signi�
ant e�e
t on re
eipts of migrants remittan
es.

11

To 
omplete the pi
ture, Table 7 reports the e�e
t that domesti
 saving has

on asset a

umulation. The main message from Table 7 is that domesti
 saving

leads to a

umulation of domesti
 
apital, and there are no signi�
ant e�e
ts

on private or o�
ial assets held in the rest of the world. Column (1) of Table 7

reports two-stage least squares estimates of the e�e
t that domesti
 saving has

on gross �xed 
apital formation. The se
ond-stage 
oe�
ient on the domesti


saving rate is around 0.4. One 
an reje
t the hypothesis that the estimated


oe�
ient is equal to zero at the 10 per
ent signi�
an
e level (p-value 0.08); the

hypothesis that it is equal to unity one 
an reje
t at the 5 per
ent signi�
an
e

11

This is 
onsistent with the �nding in Arezki and Brue
kner (2012
) that, on average,

rainfall has no signi�
ant e�e
t on re
eipt of remittan
es in sub-Saharan Afri
a. Arezki and

Brue
kner show that the e�e
t depends on the development of domesti
 �nan
ial markets,

i.e. the GDP share of domesti
 
redit to the private se
tor. In 
ountries where domesti



redit to the private se
tor is extremely s
ar
e remittan
es are pro
y
li
al, 
onsistent with

an investment motive; i.e. remittan
es exploit high returns to 
apital. In 
ountries where

domesti
 
redit to the private se
tor is relatively abundant, remittan
es are 
ounter
yli
al,


onsistent with a 
onsumption smoothing motive.

12



level (p-value 0.02). Quantitatively, the interpretation is that a one per
entage

points in
rease in the domesti
 saving rate in
reases the ratio of gross �xed


apital formation over GDP by around 0.4 per
entage points; i.e. about half of

domesti
 saving is used to build up the domesti
 
apital sto
k.

There are no signi�
ant e�e
ts of domesti
 saving on a

umulation of net-

foreign assets. This is the 
ase if one 
onsiders only FDI, see 
olumn (2) of

Table 7; or the total net �ows of private 
apital, i.e. the sum of net foreign

dire
t investment plus portfolio investment, see 
olumn (3) of Table 7. Domesti


saving has no signi�
ant e�e
t on o�
ial reserve assets, see 
olumn (4). And

there are no signi�
ant e�e
ts of domesti
 saving on the sum of gross bond

issuan
e, bank lending and new equity pla
ement (i.e. gross in�ows of �nan
e

from international 
apital markets), see 
olumn (5). Column (6) shows that

domesti
 saving has no signi�
ant e�e
t on the year t-1 to t 
hange in the total

external debt sto
k. Resonating the results for the 
urrent a

ount, 
olumn

(7) shows that the 
oe�
ient on domesti
 saving is quantitatively small and

statisti
ally indistinguishable from zero when the dependent variable is the year

t-1 to t 
hange in net foreign assets.

4.2.2 Impulse Responses

Figure 1 plots the impulse responses of the di�erent ma
roe
onomi
 variables

to a rainfall sho
k. The impulse responses are obtained from a dynami
 panel

model that in
ludes the lagged dependent variable on the right-hand side of the

estimating equation. Control variables are 
ountry �xed e�e
ts, 
ountry-spe
i�


time trends, and year �xed e�e
ts.

The rainfall sho
k is transitory. This 
an be seen from the impulse response

plotted in the bottom-right panel of Figure 1. After one year the impulse re-

sponse is right ba
k to zero: of the initial positive sho
k in year t=0 (set equal

to 1 per
ent of rainfall) the following year's rainfall is only 0.07 per
ent higher.

The rainfall sho
k signi�
antly in
reases GDP on impa
t and e�e
ts are

visible for only a few years after. Spe
i�
ally, the impulse response fun
tion

shows that a one per
ent in
rease in rainfall in
reases GDP in the same year

by around 0.06 per
ent. After about three years, the e�e
t is still positive and

signi�
antly di�erent from zero; around 0.03 per
ent. That is, the half-life of

the rainfall sho
k on GDP is around three years. Not all of the initial in
rease in

GDP is 
onsumed. The 
on�den
e bands for the impulse response of household


onsumption to the rainfall sho
k in
lude zero in all periods. Domesti
 saving

signi�
antly in
reases on impa
t, and the e�e
ts of the rainfall sho
k on domesti


saving are visible a few years thereafter. The half life of domesti
 saving is

slightly less than that of GDP, though after rounding, there is no substantial

di�eren
e, i.e. it's about three years.

Part of the domesti
 saving is used to in
rease the domesti
 
apital sto
k.

From the impulse response fun
tion, one 
an see that there is an in
rease in

domesti
 investment in response to the rainfall sho
k. The rainfall sho
k's

e�e
t on domesti
 investment has a relatively short half-life of about one year.

The impa
t in
rease in domesti
 investment is about half the size of the impa
t

13



in
rease in domesti
 saving.

The dynami
 e�e
ts of the rainfall sho
k on the 
urrent a

ount are quantita-

tively small and statisti
ally indistinguishable from zero. The 
on�den
e bands

around the impulse response fun
tion for the 
urrent a

ount in
lude zero in

all periods. Net exports signi�
antly in
rease on impa
t � by about as mu
h,

as net 
urrent transfers de
rease. The rainfall sho
k has only a small positive

e�e
t on net fa
tor in
ome. The e�e
t of rainfall on net fa
tor in
ome is about

one-quarter of the e�e
t that rainfall has (in absolute value) on any of the two

other 
omponents of the 
urrent a

ount, i.e. the trade balan
e or net 
urrent

transfers.

In terms of dynami
s, the impulse responses 
onverge ba
k to zero relatively

qui
kly. After about �ve years, the e�e
t of the initial rainfall sho
k on the


omponents of the 
urrent a

ount is near zero, i.e. less than 5 per
ent of

the impa
t e�e
t. The half-life of the response of the 
urrent a

ount and its


omponents to a rainfall sho
k is quite short. After about one year (t=1) half of

the rainfall sho
k's impa
t on the 
urrent a

ount and its 
omponents dissipated.

The dynami
 e�e
ts of the rainfall sho
k on the 
hange in external debt are

quantitatively small and statisti
ally indistinguishable from zero. The 
on�-

den
e bands around the impulse response fun
tion for the 
hange in external

debt in
lude zero in all periods. Qualitatively, the rainfall sho
k leads to a

de
rease in external debt. Quantitatively, the e�e
t is very small � less than

one-�fth (in absolute value) of the e�e
t that the rainfall sho
k has on impa
t on

net-exports. From the impulse response fun
tion, one 
an see that after about

one year (t=1) the e�e
t of the initial rainfall sho
k on external debt is near

zero. The period t=1 e�e
t is less than 20 per
ent of the period t=0 e�e
t.

Thus, not only is the e�e
t of the rainfall sho
k on external debt quantitatively

small, the e�e
t is also very short lived.

5 Model

The goal of this se
tion is to develop a simple, small-open-e
onomy DSGE model

that 
an mat
h the empiri
al �ndings of the previous se
tion. Our model in-


ludes a Sub-Saharan Afri
an (SSA) e
onomy that engages in agri
ultural pro-

du
tion. This e
onomy re
eives aid transfers from a Donor e
onomy (developed


ountry); these transfers are de
ided endogenously. The Donor 
ountry solves

a dynami
 aid allo
ation problem as in Carter et al. (2015). The SSA e
onomy

also has a

ess to international bond markets, where it issues a one-period bond

at a risk premium. The model, even though minimalisti
 in design, will deliver

a ri
h set of insights regarding the relationship between domesti
 saving and the


urrent a

ount.

12

12

An alternative to the minimalisti
 model present here would be to build a model of a two-

se
tor e
onomy with traded and non-traded se
tors, where sho
ks to agri
ulture are modeled

as sho
ks to the traded se
tor. An even ri
her framework would in
lude three se
tors: traded

agri
ulture, traded manufa
turing and non-traded servi
es. We have tried both alternative

approa
hes. The results are qualitatively the same and are available upon request. We would

like to thank two anonymous referees for suggesting the minimalisti
 approa
h.
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5.1 SSA E
onomy

Households in the SSA e
onomy are in�nitely lived and maximize the dis
ounted

stream of future utilities from 
onsumption:

max
{Ct,It,Dt+1}∞

t=1

E0

∞
∑

t=1

βt−1C
1−σ
t − 1

1− σ

where Ct denotes 
onsumption in period t. Households have a

ess to two types
of assets, physi
al 
apital and an internationally traded bond. To ease exposi-

tion we assume that the 
apital sto
k is owned entirely by domesti
 residents.

Households have three sour
es of in
ome: wages, 
apital rents, and interest in-


ome on �nan
ial asset holdings. Ea
h period, the household allo
ates wealth

to pur
hases of the 
onsumption good, pur
hases of the investment good, and

pur
hases of �nan
ial assets. The period-by-period budget 
onstraint in terms

of traded goods is:

Ct + It +Dt(1 + rt) + Ψ(Dt+1) =WtL− UtKt +Dt+1 −
Xt

Ls
D1 given, (4)

where budget out�ows stand on the left-hand-side and budget in�ows stand on

the right-hand-side. Dt denotes the household's maturing debt in period t, rt
denotes the net interest rate fa
ed by domesti
 residents in �nan
ial markets

whi
h is exogenous to the domesti
 agents and Dt+1 is a new foreign debt taken

out in period t. It denotes gross domesti
 investment in the sto
k of physi
al


apital Kt, Ut denotes the rental rate of 
apital and Wt denotes the wage rate.

Labor is supplied inelasti
ally, and without a loss of generality we normalize

L = 1. Xt is the net 
urrent aid transfer from the Donor e
onomy, expressed in

per 
apita terms; and Ls is the population of SSA relative to Donor.

Following Neumeyer and Perri (2005) and Uribe and Yue (2010), households

fa
e 
osts of adjusting external debt.

13

Debt adjustment 
osts eliminate the

unit root in the dynami
s of standard formulations of the small open e
onomy

model.

14

The debt-adjustment 
ost fun
tion Ψ(D) is assumed to be 
onvex and
to satisfy Ψ(D) = Ψ′(D) = 0, for some D > 0. In parti
ular, we assume the

quadrati
 
osts of adjustment of the form:

Ψ(Dt) =
ψ

2
(Dt −D)2.

13

These authors develop models in whi
h 
ountry risk spreads are sto
hasti
 and inter-

a
t with �nan
ial imperfe
tions.The debt adjustment 
ost 
an be de
entralized as follows.

Suppose that �nan
ial transa
tions between domesti
 and foreign residents require �nan
ial

intermediation by domesti
, 
ompetitive banks. They 
apture funds from foreign investors at

the 
ountry rate rt and lend to domesti
 agents at the rate rd
t
. In addition, banks fa
e op-

erational 
osts, Ψ(Dt), that are in
reasing and 
onvex in the volume of intermediation. The

problem of domesti
 banks is then to 
hoose the volume Dt so as to maximize pro�ts, whi
h

are given by rd
t
[Dt − Ψ(Dt)] − rtDt, taking as given rd

t
and rt. It follows that the interest

rate 
harged to domesti
 residents is given by r
d
t
= rt

1−Ψ′(Dt)
. Bank pro�ts are assumed to

be distributed to domesti
 households in a lump-sum fashion.

14

S
hmitt-Grohe and Uribe (2003) 
ompare a number of standard alternative ways to indu
e

stationarity in the small open e
onomy framework and 
on
lude that they all produ
e virtually

identi
al impli
ations for business-
y
le �u
tuations.
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The adopted fun
tional form ensures stationarity of the external debt level in a

log-linear approximation of the model and also rules out Ponzi-s
heme optimal

debt paths. Capital a

umulates a

ording to the standard law of motion:

Kt+1 = It + (1− δ)Kt K1 given, (5)

where δ is the rate of depre
iation of physi
al 
apital. The �rst-order 
onditions
with respe
t to 
onsumption, tomorrow's 
apital and tomorrow's debt yield

respe
tively:

C−σ
t − λt = 0 (6)

βEt[λt+1(1 − δ + Ut+1)]− λt = 0 (7)

λt[1− ψ(Dt+1 − D̄)]− βEt[λt+1(1 + rt+1)] = 0, (8)

where λ is a Lagrange multiplier asso
iated with the budget 
onstraint 4 and

represents the shadow pri
e of 
onsumption. Firms operate under perfe
t 
om-

petition. They employ immobile labor and hire 
apital to maximize pro�ts, and

produ
e output with a Cobb-Douglas, 
onstant returns to s
ale te
hnology:

Yt = εYt K
α
t , (9)

where εYt is a produ
tivity sho
k to the SSA output. The optimal allo
ation of

the fa
tors labor and 
apital will be su
h that the wage rate equals the marginal

produ
t of labor and the rental rate of 
apital equals the marginal produ
t of


apital:

Wt = (1− α)εYt (Kt)
α

(10)

Ut = αεYt (Kt)
α−1. (11)

5.2 Donor e
onomy

We follow the ben
hmark version of the model by Carter et al. (2015) where

dynami
 aid allo
ation is postulated as a problem of weighted global welfare

maximization. In parti
ular, a utilitarian, forward-looking so
ial planner seeks

to maximize a weighted average of welfare in the Donor e
onomy and in the

SSA e
onomy. The planner de
ides on an optimal path of 
urrent transfers,

anti
ipating that 
onsumption and investment de
isions in the SSA e
onomy

will be made by an optimizing household.

The planer of the Donor e
onomymaximizes the following obje
tive fun
tion:

max
{CD

t
,Xt}∞

t=1

Eo

∞
∑

t=1

βt−1

(

(CD
t )1−σ

− 1

1− σ
+ φLs

(Ct)
1−σ

− 1

1− σ

)

,
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subje
t to SSA's budget 
onstraint 4, SSA's Euler equation derived from 6, 7

and Donor's resour
e 
onstraint:

CD
t +Xt = εDt , (12)

where CD
t is per 
apita 
onsumption of the Donor household, Xt is the interna-

tional aid �ow introdu
ed earlier in equation 4, φ is the relative weight that the

Donor pla
es on SSA household's utility. For simpli
ity, we assume the same risk

aversion σ and time preferen
es β in SSA and Donor e
onomies and that the rel-

ative population Ls does not 
hange over time. To isolate dynami
 endogenous

responses of aid subje
t to sho
ks in the SSA e
onomy we shut down dynami



apital a

umulation in the Donor e
onomy and assume instead, for simpli
ity,

that the household in the Donor e
onomy re
eives sto
hasti
, i.i.d. endowments

εDt . It is straightforward to relax these assumptions, but it is beyond the s
ope

of this paper.

The 
hoi
e of aid will matter through intertemporal budget 
onstraints, re-

du
ing 
onsumption in the Donor e
onomy and relaxing the budget 
onstraint

of the SSA e
onomy. The Donor's problem is postulated as a weighted global

average maximization, whi
h allows us to study how optimal aid poli
ies arise

endogenously, in parti
ular, how those poli
ies respond to sho
ks in SSA. This

formulation also provides a mapping between generosity φ and optimal 
apital

a

umulation and produ
tion de
isions in SSA. Aid is distributed to SSA house-

holds, who are too small to internalize the e�e
ts of their a
tions on the optimal

aid poli
ies, and, hen
e, take Xt as given.

The �rst order 
onditions of the Donor's maximization problem read:

(CD
t :) (CD

t )−σ
− ξDt = 0

(Xt :) − ξDt + ξSt = 0

(CD
t :) φC−σ

t − ξSt + σC−σ−1
t [ζt − ζt−1(1 − δ + Ut−1)] = 0 ∀t>1

ζ−1 = 0,

where βtξDt , β
tξSt and βt−1ζt are Lagrangemultipliers asso
iated with the Donor

resour
e 
onstraint, the SSA budget 
onstraint and the SSA Euler equation,

respe
tively. The dynami
s of the problem are governed by two me
hanisms.

The �rst one is the 
onvergen
e to the steady-state from some arbitrary initial


onditions. The se
ond one are the dynami
s inside the sto
hasti
 steady-state

in response to exogenous sho
ks. Carter et al. (2015) study the �rst me
hanism

without 
onsidering sto
hasti
 disturban
es. We, on the other hand, fo
us on

the se
ond, and so we assume away initial 
onvergen
e dynami
s. Donor and

SSA e
onomies are in their respe
tive sto
hasti
 steady states, whi
h implies

that ζt = ζt−1∀t. In the sto
hasti
 steady state the optimal aid is governed by

the following intratemporal 
ondition:

17



(CD
t )−σ = φ(Ct)

−σ. (13)

The above framework is also suitable to study the problem of endogenous

remittan
es from abroad. In su
h 
ontext, the Donor 
ountry 
an be interpreted

as domesti
 residents living abroad that 
are about the utility of the family left

behind with φ representing the intensity of domesti
 ties.

15

5.3 De�nitions

We now de�ne the remaining model 
ounterparts in the following way: domesti


saving is:

St = Yt − Ct, (14)

the trade balan
e is

NXt = Yt − Ct − It −Ψ(Dt+1), (15)

and the 
urrent a

ount is the sum of net exports, net fa
tor in
ome and net


urrent transfers

CAt = NXt − rtDt +
Xt

Ls
. (16)

5.4 Exogenous sho
ks

The model is a dynami
 system of 13 variables (Ct, It,Wt, Ut, Xt, Yt, λt, C
D
t , Dt,Kt, St, NXt, CAt)

governed by 13 equations 4-16, subje
t to three exogenous sho
ks: a produ
-

tivity sho
k in SSA εYt , an endowment sho
k in Donor εDt , and an interest rate

sho
k εRt . We assume that the interest rate evolves a

ording to:

rt+1 = r̄ + ρRrt + εRt ,

where ρR is the parametrized persisten
e of the interest rate sho
k and r̄is

al
ulated to mat
h the average steady-state level of interest rate paid by SSA

e
onomies on their external debt.

6 Calibration

The parameters in the ben
hmark model are 
alibrated to mimi
 a typi
al sub-

Saharan Afri
an 
ountry and are presented in Table 8. For the 
alibration of

the model the time unit is one year. We use standard values in the literature

for the relative risk aversion σ = 2 and the 
apital share in produ
tion α = 0.3.

15

An alternative to studying endogenous remittan
es would be to develop a model where

ea
h household has members living domesti
ally and members that 
an de
ide to live abroad

along the lines of Mandelman and Zlate (2012). Sin
e empiri
ally in SSA aid is larger than

remittan
es, we de
ided to pursue the above framework, that 
an �exibly in
orporate both

narratives.
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Using Penn World Tables 9.0 (Feenstra et.al., 2015) we set the depre
iation

rate at 7 per
ent per year and relative output in SSA to USA at 6 per
ent,

while the steady-state produ
tivity in SSA e
onomy is normalized to one. We

�x the relative population Ls to 1.1 using the population of 996 million in

Sub-Saharan Afri
a (World Population Prospe
ts) and the population of 901

million in developed 
ountries (see also Carter et.al. (2015)), although it should

be noted that this parameter 
ould be normalized to one without a loss of

generality, sin
e what matters is the relative size of φ/Ls. We set φ = 0.0038 to
mat
h the average aid in�ow of 12% of SSA output as reported in Table 2.

The time dis
ount fa
tor β is set to 0.8, whi
h is lower than usual values of

above 0.9 used in the 
alibrated models of developed e
onomies. Aguiar and

Gopinath (2007) argue that for studies of developing e
onomies with risky debt

signi�
antly lower values should be used, and use an even lower value of β = 0.8
for quarterly time units. Our 
alibration results in a risk-adjusted interest rate

of 25%.

We use equation 16 and grand ratios of 
urrent a

ount to output

CA
Y =

−0.07, net exports to output

NX
Y = −0.15 reported in Table 1 and aid to out-

put

X/Ls

Y = 0.12 reported in Table 2. Using this, we 
alibrate D̄ = 0.1556 to be

onsistent with r = 25%. This leaves us with one free parameter, the adjust-

ment 
osts of debt. We set ψ = 0.2 so that the implied marginal propensity to


onsume equals 0.3 when the aid 
hannel is shut o�. Higher values of ψ do not

in
rease the MPC mu
h further, while lower values of ψ indu
e slow, 
ounterfa
-

tual 
onvergen
e of foreign debt, whi
h motivates households to 
ounterfa
tually

save big proportions out of transitory in
ome. S
hmitt-Grohe and Uribe (2003)

use mu
h lower values of ψ (i.e., 0.00074 to 0.001). However, it should be noted

that: i) their framework in
ludes a ri
her set of fri
tions, while in our model ψ
by 
onstru
tion approximates for all fri
tions fa
ed by households, and ii) their


alibration targets developed e
onomies, while fri
tions in developing e
onomies

are widely believed to be mu
h more severe. Also, empiri
ally we observe that

external debt does not rea
t to rainfall indu
ed variations in output and domes-

ti
 saving (see Table 7), whi
h is a manifestation of severe fri
tions in the SSA

e
onomies. Hen
e, we �nd a value of ψ = 0.2 a reasonable �t for the model. In
what follows, we assess robustness of the model's predi
tions to variations in ψ.

We set the AR(1) 
oe�
ient for a transitory produ
tivity sho
k equal to 0.1.

We additionally study the responses of the SSA e
onomy to other transitory

sho
ks: to output in the Donor e
onomy and to the interest rate; the AR(1)


oe�
ient for these sho
ks is also set to 0.1. For persistent produ
tivity sho
ks to

SSA output we set the AR(1) 
oe�
ient equal to 0.9. Sin
e sho
ks are modeled

as unexpe
ted, one o� disturban
es, their volatilities do not need to be 
alibrated

as they do not enter into households' expe
tations. To ensure 
onvergen
e of the

interest rate ba
k to its steady-state, given the above persisten
e, we 
al
ulate

r̄ = (1 − ρr)r = 0.225. To fa
ilitate 
omparison between empiri
s and theory,

we 
alibrate the size of ea
h sho
k to give a 0.07 per
ent in
rease in output on

impa
t (i.e. the estimated e�e
t that rainfall has on GDP on impa
t).
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7 Results

In Figure 2 we present the impulse responses of the SSA e
onomy to a transitory

produ
tivity sho
k. The responses of output and 
onsumption are measured in

per
ent deviation from the steady-state, while responses of all other variables are

measured in per
entage points of GDP deviations from the steady-state. Solid

lines show responses of variables in the model with endogenous foreign aid. The

patterns in Figure 2 repli
ate the empiri
al responses depi
ted in Figure 1 both

qualitatively and quantitatively. The theoreti
al responses of domesti
 saving,

the 
urrent a

ount, net 
urrent transfers, net exports and net fa
tor in
ome


losely mimi
 their data 
ounterparts.

In terms of dynami
s, the produ
tivity sho
k in
reases output on impa
t and

domesti
 agents in
rease saving to smooth 
onsumption. Domesti
 investment

in
reases temporarily due to the short-lived nature of the sho
k.

16

The in
rease

in the domesti
 saving rate leads to an in
rease in net exports. However, the

in
rease in net exports does not lead to a similar in
rease in the 
urrent a

ount

balan
e. The model shows that this o

urs due to the rea
tion of net 
urrent

transfers (or, equivalently for the SSA e
onomy, foreign aid). In the data we see

that foreign aid de
reases after a positive, transitory positive sho
k to output

indu
ed by in
reased rainfall. In the model aid is de
ided by a benevolent

planner lo
ated in the ri
h Donor e
onomy. The optimal aid poli
y pres
ribes

that aid �ows to the SSA in
rease after a transitory negative produ
tivity sho
k,

and that they de
rease after a positive, transitory sho
k to produ
tivity. The

response of aid �ows is, in absolute value, almost as large as the response of

net exports; as a result, the response of the 
urrent a

ount is negligible, as in

the data. Similarly to the data, the in
rease in domesti
 saving redu
es only

slightly the amount of foreign debt. This in turn leads to negligible in
reases in

net fa
tor in
ome, while 
onsumption, remains almost un
hanged.

A

ording to the ben
hmark DSGE model, a 1 per
entage points in
rease

in the domesti
 saving rate � due to a transitory produ
tivity sho
k � in
reases

the GDP ratio of the 
urrent a

ount by around 0.1 per
entage points. This is

very 
lose to the estimated e�e
t shown in 
olumn (1) of Table 6. Hen
e, the

ben
hmark DSGE model repli
ates the main empiri
al �nding qualitatively and

quantitatively.

7.1 Endogenous vs. Exogenous Foreign Aid

In this se
tion we dis
uss the role that the endogenous response of foreign aid

to domesti
 sho
ks in the aid-re
ipient 
ountry has for the key ma
ro variables

of interest. In Figure 2 we plot, using dashed lines, impulse responses of an

identi
ally 
alibrated model, albeit with �xed (i.e. exogenous) foreign aid.

17

The 
hange, and only 
hange, we make to the ben
hmark model is to swit
h

16

Note that the investment response reverses qui
kly. This is be
ause we have not assumed


apital or investment adjustment 
osts to smooth out the investment responses as we opted

for minimizing the fri
tions assumed in the model.

17
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o� the Donor e
onomy blo
k; we 
alibrate aid to be equal to 12% of domesti


output. One 
an see from the impulse response that in this version of the

model aid does not respond to sho
ks in the aid-re
ipient 
ountry, i.e. aid is

�exogenous� or ��xed�; alternatively, one 
an say that foreign aid is a
yli
al, that

is, foreign aid does not respond to sho
ks whi
h a�e
t output in the aid-re
ipient


ountry.

Output responds in the same manner to a produ
tivity sho
k when foreign

aid is assumed to be �xed as in the ben
hmark model with endogenous aid.

What behaves very di�erently though, is private 
onsumption. In the absen
e

of 
ounter
y
li
al foreign aid, and subje
t to fri
tions in the international asset

markets, 
onsumption smoothing is less pronoun
ed: i.e., 
onsumption in
reases

more on impa
t due to a transitory produ
tivity sho
k when aid is a
y
li
al

than when aid is 
ounter
yli
al; and when foreign aid is a
y
li
al the response

of 
onsumption to the produ
tivity sho
k is more persistent than when aid is


ountery
li
al. Thus, 
ounter
yli
al foreign aid enables signi�
ant 
onsumption

smoothing in the developing e
onomy.

The response of domesti
 saving to a transitory produ
tivity sho
k is less

pronoun
ed in the model when foreign aid is exogenous. This is be
ause 
on-

sumption responds more strongly when aid is a
y
li
al. There is a larger adjust-

ment of external debt. That is, a positive transitory produ
tivity sho
k leads to

a larger de
rease in external debt when foreign aid is a
y
li
al then when foreign

aid is 
ounter
yli
al. Due to the presen
e of adjustment 
osts of external debt,

there is a smaller in
rease in net-exports. Net fa
tor in
ome in
reases slightly

more.

Overall, in the model where foreign aid is exogenous the e�e
t of domesti


saving on the 
urrent a

ount is larger than when aid is endogenous. For the


ase of exogenous aid, the model predi
ts that a 1 per
entage point in
rease

in the domesti
 saving rate in
reases the GDP ratio of the 
urrent a

ount

by around 0.4 per
entage points. This e�e
t is about four times larger than

in the model where foreign aid, endogenously, responds 
ounter
yli
ally to the

transitory produ
tivity sho
k.

7.2 Debt Adjustment Costs

In this se
tion we assess the impli
ations that debt adjustment 
osts have for

the relationship between domesti
 saving and the 
urrent a

ount. Figure 3

shows impulse response fun
tions for two alternative s
enarios: high and low

debt adjustment 
osts, i.e. ψ = 0.99 and ψ = 0.001.
The behavior of output and domesti
 saving is una�e
ted by the 
hoi
e of

ψ. Not surprisingly, the most a�e
ted variable is external debt. When there

are large debt adjustment 
osts, the response of external debt to a transitory

produ
tivity sho
k is very small. On the other hand, when debt adjustment


osts are small external debt is strongly 
ounter
yli
al; and 
onvergen
e ba
k

to the steady-state is mu
h slower: � both of these features are at odds with the

data. The empiri
al impulse responses show that the response of external debt

to a rainfall sho
k is very small and that the impulse response 
onverges ba
k
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to zero very qui
kly.

The response of external debt a�e
ts the response of net fa
tor in
ome.

The larger the debt adjustment 
ost the smaller is the response of net fa
tor

in
ome to a transitory produ
tivity sho
k. Foreign aid 
ountera
ts the debt (and

hen
e net fa
tor in
ome) responses: When households 
annot intertemporarily

substitute through debt, due to high debt adjustment 
osts, optimal behavior

of the Donor 
ountry entails a stronger 
ounter
y
li
al rea
tion of transfers

in order to enable 
onsumption smoothing in the developing e
onomy. Instead,

when debt adjustment 
osts are low, the in
rease in domesti
 saving that follows

as a response to the transitory produ
tivity sho
k has only a small e�e
t on

domesti
 investment; intertemporal substitution is a
hieved through adjusting

debt; and foreign aid moves little, as it is redundant in enabling 
onsumption

smoothing. It is the di�erent responses of net fa
tor in
ome and foreign aid in

the 
ounterfa
tual s
enario drives the di�eren
e in the response of the 
urrent

a

ount.

In sum: With high debt adjustment 
osts, variations in domesti
 saving that

are indu
ed by a transitory produ
tivty sho
k have only a small e�e
t on the


urrent a

ount. When debt adjustment 
osts are small, there is a substantial

e�e
t of domesti
 saving on the 
urrent a

ount. Spe
i�
ally, for ψ = 0.001,
the model predi
ts that on impa
t (t=0), for a transitory produ
tivity sho
k,

a 1 per
entage point in
rease in the domesti
 saving rate in
reases the 
urrent

a

ount to GDP ratio by around 0.04 per
entage points. For ψ = 0.99 this e�e
t
is around 0.62 per
entage points.

7.3 Persisten
e of the Produ
tivity Sho
k

The distin
tion between transitory and persistent sho
ks is 
ru
ial for under-

standing the relationship between domesti
 saving and the 
urrent a

ount. In

our empiri
al analysis, we used plausibly exogenous variations in year-to-year

rainfall to provide an estimate of the 
ausal relationship between domesti
 sav-

ing and the 
urrent a

ount that emerges from a transitory produ
tivity sho
k.

In Figure 4 we depi
t impulse responses delivered by the model when the pro-

du
tivity sho
k is persistent. Spe
i�
ally, the impulse responses are generated

for a produ
tivity sho
k that follows an AR(1) pro
ess; the AR(1) 
oe�
ient is

set equal to 0.9.

Expe
ting long-lasting in
reases in produ
tivity, households in SSA substan-

tially invest in domesti
 
apital. The persistent produ
tivity sho
k has a positive

e�e
t on domesti
 saving. The key takeaway for the 
ase of endogenous aid is

this: the persistent produ
tivity sho
k indu
es a near one-to-one relationship

between domesti
 saving and domesti
 investment; however, there is a nega-

tive relationship beween domesti
 saving and the 
urrent a

ount. The reason

why the 
urrent a

ount deteriorates following a positive produ
tivity sho
k is

that foreign aid de
reases. Consumption in the model with endogenous (i.e.


ounter
yli
al) foreign aid is smooth.

When foreign aid is exogenous (i.e. a
y
li
al), a persistent produ
tivity

sho
k indu
es a positive response of 
onsumption, i.e. there is less 
onsumption
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smoothing relative to the 
ase of endogenous aid. Consequently, the response of

domesti
 saving is smaller when foreign aid is exogenous. When aid is exogenous,

a persistent produ
tivity sho
k indu
es, on impa
t, an in
rease in domesti


investment that is larger than the in
rease in domesti
 saving; the impa
t e�e
t

on the 
urrent a

ount is negative, as is the e�e
t on net exports. In 
ontrast

when aid is endogenous net exports in
rease on impa
t while the 
urrent a

ount

deteriorates. This shows that, even qualitatively, in terms of the sign of the

e�e
t, the 
urrent a

ount response 
an be di�erent from the trade balan
e

response when foreign aid is endogenous.

7.4 Other Sho
ks

The dis
ussion in the previous se
tion highlighted the importan
e of sho
k iden-

ti�
ation. The relationship between domesti
 saving and the 
urrent a

ount

depends not only on the institutional design (in this 
ase: the endogeneity of aid

�ows) but also on the nature of the sho
k that is responsible for the variation in

domesti
 saving. In the model with endogenous aid, a transitory produ
tivity

sho
k generates a near-zero 
orrelation between domesti
 saving and the 
urrent

a

ount, in line with the empiri
al �ndings. Contrary to the empiri
al �ndings,

the same sho
k with exogenous aid would produ
e a positive 
orrelation. A per-

manent sho
k however, would result in a negative 
orrelation: domesti
 saving

goes up and the 
urrent a

ount goes down, both with endogenous and exoge-

nous aid. In what follows, we study how other sho
ks a�e
t the relationship

between domesti
 saving and the 
urrent a

ount.

In Figure 5 we plot impulse responses to a positive sho
k to the endowment

of the Donor e
onomy. The sho
k is passed to the SSA e
onomy through in-


reases in foreign aid. On impa
t 
onsumption in the SSA e
onomy in
reases,

there is no e�e
t on ouput; thus domesti
 saving falls. Given the high debt ad-

justment 
osts, 
onsumption smoothing 
annot be a
hieved 
ompletely through


hanges in external debt. External debt de
reases in rea
tion to the sho
k, while

domesti
 
apital a

umulation in
reases whi
h leads to in
reases in output in

the following periods. The sho
k has a positive e�e
t on the 
urrent a

ount on

impa
t, � even though net exports fall on impa
t. The sho
k, hen
e, indu
es

opposite movements in net exports and the 
urrent a

ount. As 
an be seen

from the �gure, the sho
k generates a negative relationship between domesti


saving and the 
urrent a

ount. Quantitatively, the model predi
ts that � when

driven by a transitory in
rease in the endowment of the Donor e
onomy � a 1

per
entage point de
rease in domesti
 saving in
reases the 
urrent a

ount of

the SSA e
onomy by nearly 5 per
entage points on impa
t.

In Figure 6 we plot impulse responses to a negative sho
k to the interest rate

that the SSA e
onomy pays on its external debt. As the interest rate drops,

households unexpe
tedly save on debt servi
e -- net fa
tor in
ome in
reases on

impa
t. Sin
e the SSA e
onomy now has more resour
es, foreign aid drops on

impa
t; 
onsumption is smoothed. Domesti
 investment in
reases on impa
t

and then qui
kly reverses due to the transitory nature of the sho
k. With

in
reased domesti
 absorption net exports drop. Driven by the drops in net
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exports and foreign aid, the 
urrent a

ount drops on impa
t. Newly invested


apital be
omes produ
tive in the following period and this is when output and

domesti
 saving in
rease. In the se
ond period the interest rate reverts ba
k to

its steady-state level and we see reversals in most ma
roe
onomi
 aggregates:

net fa
tor in
ome, domesti
 investment, foreign aid, and, 
onsequently, also net

exports and the 
urrent a

ount reverse. Both with endogenous and exogenous

aid, the 
urrent a

ount moves more than domesti
 saving. The interest rate

sho
k generates a positive relationship between domesti
 saving and the 
urrent

a

ount. Quantitatively, the model predi
ts that � when driven by a transitory

de
rease in the interest on external debt � a 1 per
entage point de
rease in

domesti
 saving de
reases, on impa
t, the 
urrent a

ount of the SSA e
onomy

by nearly 17 per
entage points when aid is endogenous; the e�e
t is smaller

when aid is exogenous, around 3 per
entage points.

The above analysis reveals that it is essential to identify the sour
e of vari-

ation in the e
onomy in order to be able to investigate the relation between

domesti
 saving and the 
urrent a

ount. A

ording to our simple model, if

the major sour
e of �u
tuations in the small open e
onomy is persistent TFP

sho
ks, the relationship between domesti
 saving and the 
urrent a

ount would

be very di�erent than in the 
ase in whi
h transitory sho
ks move the 
y
le. The

sour
es of business 
y
le �u
tuations in developing e
onomies are not yet 
learly

identi�ed. To illustrate, if we take the view by Aguiar and Gopinath (2007)

that volatility in developing 
ountries is explained mostly by trend TFP sho
ks

(87%), and transitory TFP sho
ks explain only 13% of variations in output,

then our model would predi
t a negative 
orrelation between domesti
 saving

and the 
urrent a

ount. Instead, Gar
ia-Ci

o et.al (2010) suggest that persis-

tent sho
ks explain only 2.5% of TFP volatility and that most 
y
li
al variations

in those 
ountries are explained by stationary TFP sho
ks and 
ountry premium

sho
ks. In this 
ase our model predi
ts that the 
orrelation between domesti


saving and the 
urrent a

ount is positive.

8 Con
lusion

In the 5th edition of the balan
e of payment manual of the International Mon-

etary Fund (1993) that is harmonized with the System of National A

ounts

1993, one 
an �nd the following statement in Chapter V on Sele
ted Issues in

Balan
e of Payments Analysis:

�Thus, to the extent that domesti
 saving is not mat
hed by an

in
rease in domesti
 
apital a

umulation, there will be an in
rease

in private or o�
ial assets held in the rest of the world.� (IMF, 1993,

page 160)

A

ording to the results in this paper, for developing 
ountries, the above state-

ment does not always hold.

18

18

The statement is 
orre
t for gross saving. By the a

ounting identity gross saving is equal

to domesti
 investment plus the 
urrent a

ount.
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Instrumental variables estimation showed that, in a panel of 41 sub-Saharan

Afri
an 
ountries during 1981-2009, domesti
 saving has a statisti
ally insignif-

i
ant and quantitatively near zero e�e
t on the 
urrent a

ount. When the

dependent variable is gross domesti
 
apital formation (domesti
 investment),

the estimated 
oe�
ient on domesti
 saving is positive, though signi�
antly

smaller than unity. Hen
e domesti
 saving is not mat
hed one-to-one by an

in
rease in domesti
 
apital a

umulation. � But 
ontrary to what is suggested

by the statement in the IMF's (1993) balan
e of payment manual: there is no

signi�
ant in
rease in net foreign assets. Domesti
 saving leads to an in
rease in

net-exports; i.e. there is a signi�
ant positive e�e
t on the trade balan
e. Yet

domesti
 saving has no signi�
ant e�e
t on the 
urrent a

ount.

We do
umented that, in general for developing 
ountries, the 
orrelation

between domesti
 saving and net-exports is mu
h larger than the 
orrelation

between domesti
 saving and the 
urrent a

ount. For three out of the �ve

developing regions in the world, the 
orrelation between domesti
 saving and the


urrent a

ount is not signi�
antly positive. For all �ve regions, the 
orrelation

between domesti
 saving and the trade balan
e is positive and signi�
antly

di�erent from zero at the 
onventional signi�
an
e levels.

We argued that the signi�
ant negative 
orrelation between domesti
 sav-

ing and net-
urrent transfers explains why, even when domesti
 saving is not

mat
hed one-to-one by an in
rease in domesti
 
apital a

umulation, an in
rease

in domesti
 saving may not lead to a signi�
ant in
rease in the 
urrent a

ount.

We provided a DSGE model with endogenously derived 
urrent transfers to

gain a deeper understanding of the relationship between domesti
 saving and

the 
urrent a

ount in developing 
ountries. The model enables to study the

relationship between domesti
 saving and the 
urrent a

ount for di�erent types

of sho
ks. Not all of the sho
ks 
onsidered produ
e a positive 
orrelation be-

tween domesti
 saving and the 
urrent a

ount, or net exports. The model does

predi
t a positive 
orrelation between domesti
 saving � triggered by transitory

produ
tivity sho
ks, like rainfall, as in the IV estimation � and net exports,

though a mu
h smaller e�e
t on the 
urrent a

ount that 
an be near zero for

large 
osts to external debt adjustment. A key take away from the model is that

identi�
ation of sho
ks is 
ru
ial: the relationship between domesti
 saving and

the 
urrent a

ount 
riti
ally depends on the type of sho
k that indu
es the

variation in domesti
 saving.
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Table 1. Current Accounts, Trade Balances, and Net-Current Transfers in Developing Countries 

 

 Sub-Saharan 

Africa 

South Asia Latin America East Asia and 

Pacific 

Middle East &  

North Africa 

  

Panel A: Current Account (% of GDP) 

 

Mean -7 -4 -7 1 -3 

Median -6 -2 -5 -4 -3 

  

Panel B: Net Exports (% of GDP) 

 

Mean -15 -10 -11 -19 -9 

Median -10 -8 -9 -9 -13 

  

Panel C: Net Current Transfers (% of GDP) 

 

Mean 9 8 7 11 12 

Median 5 5 4 5 8 

Note: High Income Countries are excluded from the sample. According to the World Bank, High Income Countries are those countries with a GNI per 
capita in excess of 12000USD. The reported mean is the simple average across countries in the region given the available data from the World Bank’s 

(2017) World Development Indicators during the period 1960-2016.  
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Table 2. Foreign Aid and Remittances in Developing Countries 

 

 Sub-Saharan 

Africa 

South Asia Latin America East Asia and 

Pacific 

Middle East & 

North Africa 

  

Panel A: Aid Received (% of GDP) 

 

Mean 12 5 5 15 5 

Median 9 3 3 9 3 

  

Panel B: Remittances Received (% of GDP) 

 

Mean 5 5 6 7 10 

Median 1 3 4 3 7 

Note: High Income Countries are excluded from the sample. According to the World Bank, High Income Countries are those countries with a GNI per 

capita in excess of 12000USD. The reported mean is the simple average across countries in the region given the available data from the World Bank’s 
(2017) World Development Indicators during the period 1960-2016.  
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Table 3. Domestic Saving and the Current Account in Developing Countries 

 

 (1) (2) (3) (4) (5) 

 CA NX NCT Aid Remittances 

  

Panel A: Sub-Saharan Africa 

 

Domestic Saving 0.20*** 

(0.03) 

0.63*** 

(0.03) 

-0.52*** 

(0.04) 

-0.21*** 

(0.02) 

-0.17*** 

(0.02) 

R-Squared 0.18 0.71 0.31 0.32 0.31 

Observations 1012 1012 1197 1630 1028 

  

Panel B: South Asia 

 

Domestic Saving 0.03 

(0.07) 

0.40*** 

(0.08) 

-0.42*** 

(0.09) 

-0.50*** 

(0.04) 

-0.13* 

(0.07) 

R-Squared 0.08 0.52 0.67 0.41 0.18 

Observations 227 227 250 333 210 

  

Panel C: Latin America 

 

Domestic Saving 0.36*** 

(0.04) 

0.69*** 

(0.04) 

-0.27*** 

(0.03) 

-0.11*** 

(0.03) 

-0.21*** 

(0.02) 

R-Squared 0.19 0.64 0.51 0.23 0.55 

Observations 466 466 456 600 425 

  

Panel D: East Asia and Pacific 

 

Domestic Saving -0.20* 

(0.10) 

0.47*** 

(0.06) 

-0.48*** 

(0.03) 

-0.24*** 

(0.03) 

-0.07*** 

(0.02) 

R-Squared 0.16 0.69 0.69 0.54 0.14 

Observations 371 371 353 481 338 

  

Panel E: Middle East and North Africa 

 

Domestic Saving 0.08 

(0.08) 

0.57*** 

(0.08) 

-0.18** 

(0.09) 

-0.07 

(0.06) 

-0.09* 

(0.05) 

R-Squared 0.32 0.74 0.57 0.41 0.4 

Observations 168 168 162 222 184 

  

Controls in Panels A-E 

 

Country  FE Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes 
 

Note:  The method of estimation is least squares. All variables are scaled by GDP. Estimates are reported for the largest possible sample that is 
determined by data available from the World Bank’s (2017) World Development Indicators during the period 1960-2016. High Income Countries are 

excluded. *Significantly different from zero at the 10 percent significance level, ** 5 percent significance level, *** 1 percent significance level. 
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Table 4. Developed vs. Developing Countries 

 

 Developed Countries Developing Countries 

 (1) (2) (3) (4) 

 CA NX CA NX 

Domestic Saving 0.59*** 

(0.15) 

0.60*** 

(0.08) 

0.13 

(0.09) 

0.61*** 

(0.05) 

R-Squared 0.45 0.66 0.06 0.68 

Country  FE Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes 

Observations 2608 2608 2432 2432 
 

Note:  The method of estimation is least squares. In columns (1) and (3) the dependent variable is the current account; columns (2) and (4) net 

exports. Developed Countries are countries with a year 2016 GNI per capita of more than USD12000 (threshold for a country to be classified as High 

Income). Developing Countries are countries with a year 2016 GNI per capita of less than USD 12000. All variables are scaled by GDP. Estimates are 
reported for the largest possible sample that is determined by data available from the World Bank’s (2017) World Development Indicators during the 

period 1960-2016. *Significantly different from zero at the 10 percent significance level, ** 5 percent significance level, *** 1 percent significance 

level. 
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Table 5. Net Current Transfers, Consumption, and Net-Exports in Developing Countries 

 

 (1) (2) (3) (4) (5) 

 Sub-Saharan 

Africa 

South Asia Latin America East Asia and 

Pacific 

North Africa and 

Middle East 

  

Panel A: Household Consumption 

 

Net Current Transfer 0.29*** 

(0.03) 

0.20*** 

(0.05) 

0.03*** 

(0.01) 

0.30*** 

(0.05) 

0.23*** 

(0.06) 

R-Squared 0.17 0.39 0.02 0.22 0.1 

Observations 1414 248 1009 733 392 

  

Panel B: Government Consumption 

 

Net Current Transfer 0.06*** 

(0.01) 

0.03 

(0.02) 

0.02** 

(0.01) 

0.72*** 

(0.03) 

0.11*** 

(0.02) 

R-Squared 0.05 0.08 0.06 0.64 0.16 

Observations 1433 248 1011 753 393 

  

Panel C: Net-Exports 

 

Net Current Transfer -0.19*** 

(0.02) 

-0.54*** 

(0.060 

-0.86*** 

(0.05) 

-0.18** 

(0.07) 

-0.27*** 

(0.07) 

R-Squared 0.31 0.51 0.43 0.26 0.19 

Observations 1190 217 1083 699 335 

  

Controls in Panels A-C 

 

Country  FE Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes 
 

Note: The method of estimation is least squares. All variables are scaled by GDP. Estimates are reported for the largest possible sample that is 

determined by data available from the World Bank’s (2017) World Development Indicators during the period 1960-2016. High Income Countries are 

excluded. *Significantly different from zero at the 10 percent significance level, ** 5 percent significance level, *** 1 percent significance level. 
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Table 6. Domestic Saving and the Current Account: Two-Stage Least Squares Estimation  

(Sub-Saharan Africa, 1981-2009) 

 

 (1) (2) (3) (4) (5) 

 CA NX NCT Aid Remittances 

Domestic Saving 0.04 

(0.23) 

0.54** 

(0.28) 

-0.61** 

(0.28) 

-0.56*** 

(0.17) 

0.01 

(0.02) 

Anderson-Rubin, p-value 0.86 0.03 0.00 0.01 0.59 

  

First Stage for Domestic Saving 

 

Ln(Rainfall) 0.10*** 

(0.03) 

0.10*** 

(0.03) 

0.10*** 

(0.03) 

0.10*** 

(0.03) 

0.10*** 

(0.03) 

Country  FE Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes 

Country Trends Yes Yes Yes Yes Yes 

Observations 845 845 845 845 845 
 

Note: The method of estimation is two-stage least squares. The dependent variable in column (1) is the current account; column (2) net exports; 

column (3) net current transfers; column (4) aid received; column (5) remittances received. Domestic saving and the dependent variables are scaled by 

GDP. The excluded instrument is the log of rainfall. *Significantly different from zero at the 10 percent significance level, ** 5 percent significance 
level, *** 1 percent significance level. 
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Table 7. Domestic Saving and Asset Accumulation: Two-Stage Least Squares Estimation  

(Sub-Saharan Africa, 1981-2009) 

 

 (1) (2) (3) (4) (5) (6) (7) 

 Gross Fixed 

Capital 

Formation 

Foreign 

Direct 

Investment 

Private 

Capital 

Flows 

Official 

Reserve 

Assets 

 Financing via 

International

Capital 

Markets 

External 

Debt 

Net Foreign 

Assets 

Domestic 

Saving 

0.42* 

(0.24) 

0.11 

(0.14) 

0.05 

(0.14) 

-0.09 

(0.20) 

0.23 

(0.52) 

0.07 

(0.29) 

-0.02 

(0.25) 

Anderson-

Rubin, p-value 

0.07 0.42 0.60 0.73 0.67 0.83 0.94 

 First Stage for Domestic Saving 

 

Ln(Rainfall) 0.08*** 

(0.02) 

0.10*** 

(0.03) 

0.10*** 

(0.02) 

0.09*** 

(0.03) 

0.10*** 

(0.04) 

0.11*** 

(0.03) 

0.10*** 

(0.03) 

Country  FE Yes Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes Yes 

Country Trends Yes Yes Yes Yes Yes Yes Yes 

Observations 835 835 856 925 681 904 832 
 

Note:  The method of estimation is two-stage least squares. The dependent variable in column (1) is gross fixed capital formation; column (2) net 
foreign direct investment; column (3) net private capital flows; column (4) official reserve assets; column (5) gross financial inflows from 

international capital markets; column (6) the year t to t-1 change in total external debt; column (7) the year t to t-1 change in net foreign assets. 
Domestic saving and the dependent variables are scaled by GDP. All data are from the World Bank's (2017) World Development Indicators, except 

for net foreign assets (Lane and Milesi-Ferretti, 2007) and rainfall (Adler et al., 2003). High Income Countries are excluded from the sample. 

*Significantly different from zero at the 10 percent significance level, ** 5 percent significance level, *** 1 percent significance level. 
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Table 8. Calibration 

Parameter Description Value Source / Target 

Parameters sourced from the literature 

σ Relative risk aversion 2 Standard in literature 

α Capital share 0.3 Standard in literature 

β Discount factor 0.8 Aguiar and Gopinath (2006); risk-adjusted interest rate of 25%  

Parameters sourced from the data 

δ Depreciation rate 0.07 Penn Tables 9.0 (Feenstra, Inklar and Timmer, 2015) 

Ls Relative population of SSA to Donor 1.10 Sub-Saharan Africa population of 996m (World Population Prospects) to developed 

countries population of 901m (Carter, Poste-Vinay and Temple, 2015) 

Calibrated parameters 

Y Steady-state productivity in SSA 1 Normalization 

Y/D Steady-state output in SSA relative to Donor 0.06 SSA to USA relative per capita output of 6% (Penn Tables 9.0) 

 Generosity of Donor 0.0038 Average aid equal to 12% of SSA output (Table 2) 

/Y Steady-state debt to output 0.16 Calculated using r=25% and mean NX/Y, CA/Y and X/Y from Table 2 

Estimated parameters 

ψ Debt adjustment costs 0.2 To match MPC=0.3 in a model without foreign aid 

Shock parameters 

ρY Persistence of rainfall shocks  0.1; 0.9  

ρD Persistence of Donor output shock 0.1  

ρR Persistence of interest rate shock 0.1  
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Figure 1. Empirical Impulse Responses to a Rainfall Shock 

 

Note: Impulse responses are to a rainfall shock. Dashed lines are +/- one standard error confidence bands. GDP, household consumption, and rainfall are in logs. All other variables 

are scaled by GDP, i.e. in percentage points. 
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Figure 2: Theoretical Impulse Responses to a Transitory Productivty Shock. 

 
Notes: The figure depicts model impulse-responses of macro variables in the SSA economy to a positive shock to productivity in SSA economy. The size of the shock has been 

calibrated to give a 0.07 percent increase in output in SSA on impact. The responses of output and consumption are measured in percent deviation from the steady-state, while 

responses of all other variables are measured in percentage points of GDP deviations from the steady-state. Solid lines represent responses in the model with endogenous foreign aid 

and dashed lines represent responses in the model with fixed foreign aid. 
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Figure 3 : Theoretical Impulse Responses to a Transitory Productivity Shock – High vs. Low Debt Adjustment Costs. 

 
Notes: The figure depicts model impulse-responses of macro variables in the SSA economy to a positive and persistent shock to productivity in SSA economy. The size of the shock 

has been calibrated to give a 0.07 percent increase in output in SSA on impact. The responses of output and consumption are measured in percent deviation from the steady-state, 

while responses of all other variables are measured in percentage points of GDP deviations from the steady-state. Solid lines represent responses in the benchmark model, dashed 

lines in the model with low frictions and dotted lines in the model with high frictions. 
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Figure 4 : Theoretical Impulse Responses to a Persistent Productivity Shock 

 
Notes: The figure depicts model impulse-responses of macro variables in the SSA economy to a positive and persistent shock to productivity in SSA economy. The size of the shock 

has been calibrated to give a 0.07 percent increase in output in SSA on impact. The responses of output and consumption are measured in percent deviation from the steady-state, 

while responses of all other variables are measured in percentage points of GDP deviations from the steady-state. Solid lines represent responses in the model with endogenous 

foreign aid and dashed lines represent responses in the model with fixed foreign aid. 
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Figure 5 : Theoretical Impulse Responses to a Transitory Output Shock in Donor Economy 

 
Notes: The figure depicts model impulse-responses of macro variables in the SSA economy to a positive shock to output endowment in Donor economy. The size of the shock has 

been calibrated to give a 0.07 percent increase in output in SSA in the second period. The responses of output and consumption are measured in percent deviation from the steady-

state, while responses of all other variables are measured in percentage points of GDP deviations from the steady-state. Solid lines represent responses in the model with endogenous 

foreign aid. 
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Figure 6 : Theoretical Impulse Responses to a Transitory Interest Rate Shock 

 
Notes: The figure depicts model impulse-responses of macro variables in the SSA economy to a negative shock to interest rate. The size of the shock has been calibrated to give a 

0.07 percent increase in output in SSA in the second period. The responses of output and consumption are measured in percent deviation from the steady-state, interest rate is 

measured in percentage points deviation from the steady-state, while responses of all other variables are measured in percentage points of GDP deviations from the steady-state. 

Solid lines represent responses in the model with endogenous foreign aid and dashed lines represent responses in the model with fixed foreign aid. 
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Appendix Table 1. Gross Saving 

 

 Developed Countries Developing Countries 

 (1) (2) (3) (4) 

 CA NX CA NX 

Gross Saving 0.68*** 

(0.11) 

0.44*** 

(0.04) 

0.50*** 

(0.12) 

-0.01 

(0.10) 

R-Squared 0.63 0.45 0.62 0.04 

Country  FE Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes 

Country Trends Yes Yes Yes Yes 

Countries 81 81 87 87 

Observations 2597 2597 2400 2400 
 

Note: The method of estimation is least squares. In columns (1) and (3) the dependent variable is the current account; columns (2) and (4) net exports. 
Developed Countries are countries with a year 2016 GNI per capita of more than USD12000. Developing Countries are countries with a year 2016 

GNI per capita of less than USD 12000. Gross Saving = GNI – Final Consumption Expenditures + Net Current Transfers. All variables are scaled by 

GDP. Estimates are reported for the largest possible sample on data available from the World Bank’s (2017) World Development Indicators during 
the period 1960-2016. *Significantly different from zero at the 10 percent significance level, ** 5 percent significance level, *** 1 percent 

significance level. 
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