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Recent research has found a positive relationship between real exchange rate
(RER) undervaluation and economic growth. Different rationales for this associ-
ation have been offered, but they all imply that the mechanisms involved should
be stronger in developing countries. Rodrik (2008) explicitly analyzed and
found evidence that the RER–growth relationship is more prevalent in develop-
ing countries. We show that his finding is sensitive to the criterion used to
divide the sample between developed and developing countries. Using alterna-
tive classification criteria and empirical strategies to evaluate the existence of
asymmetries between groups of countries, we find that the effect of currency
undervaluation on growth is indeed larger and more robust for developing econ-
omies. However, the relationship between RER undervaluation and per capita
GDP is non-monotonic, and is limited largely to the least developed and richest
countries. This discontinuity constitutes a puzzle that calls for closer analysis.

Keywords: real exchange rate; growth; undervaluation; growth econometrics;
developing countries

JEL Classifications: F43, O24, O11

1. Introduction

In recent years, a significant body of research has focused on the relationship
between real exchange rates (RERs) and economic growth. The studies have used
different data sets and empirical strategies but a systematic finding appears common
to almost all: undervalued, i.e., competitive, RERs are positively associated with
higher economic growth. At least two explanations for such a relationship have
been offered. One suggests that an undervalued exchange rate favors the
re-allocation of resources towards the tradable sector, which is the locus of
learning-by-doing externalities and technological spillovers. As Rodrik (2008) and
Eichengreen (2007) indicate, this mechanism mostly applies to developing
economies, where market failures are more conspicuous. The other explanation
emphasizes the role of competitive RER in relaxing the foreign exchange constraint
on growth.1 In developing countries with substantial open or hidden unemployment,
the argument goes, growth can be accelerated with policies that mobilize
unemployed resources. However, the acceleration of growth and capital
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accumulation has an impact on the balance of payments, especially if the dependence
on imported capital goods is high, as in the case of developing countries. In these
conditions, a more competitive RER would help relax foreign exchange bottlenecks
that otherwise could restrain the development process.

Both narratives share a common element: the mechanisms involved are charac-
teristic of developing countries. Thus, regardless of the relative importance of each
mechanism, the positive relationship between RER undervaluation and economic
growth should be stronger in developing countries. To our knowledge, Rodrik
(2008) is the only study that explicitly analyses and finds evidence that the RER–
growth relationship is more prevalent in developing countries. It is unclear, how-
ever, whether this result depends on the precise specification of the regressions,
including the criterion used to divide the sample between developed and developing
countries. In this paper, we provide a more thorough analysis of differences
between developed and developing countries, using a variety of methods and classi-
fication criteria. Our results show that the positive correlation between RER under-
valuation and economic growth is indeed stronger in developing countries. Closer
analysis, however, leads us to conclude that Rodrik’s finding of a positive relation-
ship between undervaluation and growth conceals an interesting non-monotonicity;
the finding is significant only for the least developed and most advanced countries.
In addition to calling into question the linearity that Rodrik derived from his analy-
sis of the interaction between per capita GDP and the strength of the undervalua-
tion-growth relationship, this result constitutes an interesting puzzle that needs to be
addressed by future work.

The paper is organized as follows. Following this introduction, we briefly survey
the literature analyzing the RER–growth relationship. In Section 3, we replicate
Rodrik’s result and show its sensitivity to different classification criteria. We then
provide our results. The final section concludes.

2. Literature review

Many recent studies run standard growth regressions using some index of RER mis-
alignment, i.e., undervaluation or overvaluation, as a right-hand variable. The con-
struction of such indices requires comparing the actual with the equilibrium RER,
and some estimation of the latter is needed. Two approaches have been followed.
One of them defines equilibrium RER as the purchasing power parity level adjusted
for the Balassa-Samuelson effect (PPP-based). The other approach relies on either
single equation or general equilibrium macroeconometric models, in which the
estimated equilibrium RER depends on economic fundamentals such as relative
productivity, net foreign assets, terms of trade and government spending
(fundamentals-based).

Razin and Collins (1999) construct a fundamentals-based index of RER over-
valuation derived from a structural macroeconomic model and use it for a
pooled sample of 93 developed and developing countries over 16- to 18-year
periods since 1975. They find that their index correlates negatively with eco-
nomic growth. Their results also suggest the existence of asymmetries; the nega-
tive effect of overvaluation on growth is stronger than the positive effect of
undervaluation. Aguirre and Calderon (2005) construct three fundamentals-based
indices of RER overvaluation for a panel of 60 developed and developing coun-
tries over 1965–2003 and find that they correlate negatively with GDP per
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capita growth. The relationship also appears to be asymmetric and non-linear:
the estimated coefficients are larger for cases of overvaluation than those of
undervaluation and they tend to decrease in absolute terms with higher degrees
of undervaluation. The negative relationship between overvaluation and growth
continues to hold when the fundamentals-based indices are replaced by PPP-
based indices. Prasad, Rajan, and Subramanian (2007) find that developing coun-
tries that rely less on foreign capital tend to grow faster. They also find that
capital inflows are positively associated with a PPP-based index of RER over-
valuation. Both results apply only to developing countries; for developed nations
the relationships show the opposite sign. A possible explanation for these find-
ings, they argue, is that capital inflows tend to appreciate domestic currencies,
which hurts economic growth by lowering incentives to invest in manufactures.
They directly test the relationship between their index of RER overvaluation and
economic growth and find a negative correlation. They do not investigate, how-
ever, whether this association varies between developed and developing coun-
tries. Gala (2008) finds a negative relationship between GDP per capita growth
and a PPP-based index of RER overvaluation in a panel of 58 developing coun-
tries for the period 1960–1999. The result is robust to changes in control vari-
ables and econometric techniques.

The positive association between RER undervaluation and economic growth
has also been found in studies that have not estimated equilibrium RER.
Hausmann, Pritchett, and Rodrik (2005), for instance, identify 83 episodes of
sustained growth acceleration in developed and developing countries between
1960 and 2000 and find that these tend to be preceded by RER depreciations.
In a similar study, Berg, Ostry, and Zettelmeyer (2008) investigate the factors
that make growth episodes sustainable in both developing and developed coun-
tries. They find that overvaluation affects the duration of growth spells
adversely. Polterovich and Popov (2002) carry out a cross-country study for
developing countries, in which foreign exchange (FX) reserve accumulation
appears to be positively associated with GDP per capita growth and the level
of the RER. Using data for developing countries, Levy-Yeyati and Sturzeneg-
ger (2009) build two indices of FX intervention and find that they are posi-
tively correlated (in independent regression analyses) with GDP growth and the
level of RER. The results of these two studies are interpreted by the authors
as evidence that FX reserve accumulation by central banks in developing
countries is carried out to maintain undervalued RERs and thus to stimulate
growth.

Unlike the above studies, Rodrik (2008) explicitly tests for asymmetries
between developing and developed countries, using a PPP-based index of RER
undervaluation in a fixed-effects model for a panel of 184 countries between
1960 and 2004. He defines developing countries as those with a GDP per capita
less than $6,000 and finds that the positive relationship between RER undervalu-
ation and economic growth is stronger and more significant for developing than
developed countries. The robustness of Rodrik’s results with respect to changes
in the measure of RER misalignment has been examined (and confirmed) by
MacDonald and Viera (2010).2 Our study addresses another robustness issue. In
the next section, we show that Rodrik’s result depends on the delineation of the
two groups of countries and that a significant relationship may also hold for
high-income countries.

International Review of Applied Economics 737
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3. Econometric model and results

We follow the same three-step methodology as Rodrik (2008) to obtain a PPP-based
index of RER undervaluation. Using data from the Penn World Tables 6.2, we first
calculate the real exchange rate (RER) as the ratio between the nominal exchange
rate (XRAT) and the purchasing power parity conversion factor (PPP). Because the
real exchange rate can deviate from equilibrium in the short/medium run we use a
5-year frequency, in which each observation corresponds to the period average.
Both variables are expressed as national currency units per US dollar.3 Since PPP is
calculated over the entire GDP, the basket includes non-tradables. Thus, in order to
calculate equilibrium real exchange rates, in a second step we adjust for the
Balassa-Samuelson effect, regressing RER on real GDP per capita (RGDPCH):

lnRERit ¼ qþ b lnRGDPCHit þ ft þ eit ð1Þ

where i and t are country and time indices, respectively, ft accounts for time fixed
effects, and et is the error term. Our estimate of b̂ ¼ �0:24 is identical to Rodrik’s;
we get a t-statistic of 21.29 while Rodrik reports a t-statistic of ‘around 20’. The
sign of the coefficient is in line with the Balassa-Samuelson prediction; in this case,
a 10% increase in RGDPCH is associated with a 2.4% real appreciation. Finally,
we define the undervaluation index (UNDERVAL) as the ratio of actual to
Balassa-Samuelson-adjusted real exchange rates: UNDERVALit ¼ RERit

cRERit

. Defined this

way, UNDERVAL is comparable across countries and over time; when it exceeds
unity, the domestic currency is undervalued in real terms, i.e., domestic goods are
cheap in international dollar terms. We use lnUNDERVAL as the main variable of
interest; it has a zero mean and a standard deviation of 0.47.4

We conducted a series of standard growth regressions for a panel of a maximum
of 181 countries and up to eleven 5-year time periods spanning 1950–2004.5 The
estimated fixed effects model is:

GROWTHit ¼ aþ b lnRGDPCHit�1 þ d lnUNDERVALit þ cXit þ ft þ fi þ eit ð2Þ

The dependent variable is the average annual growth rate of real GDP per capita,
RGDPCHit–1 captures the convergence term, ft time-specific effects, fi country-
specific effects, ɛit is the error term, and X is a vector of standard control variables,
which includes government consumption, the inflation rate, gross domestic savings,6

degree of trade openness, human capital (years of education), terms of trade, foreign
debt, real exchange rate volatility, and an index of rule of law.7 Table 1 lists the
variable definitions and data sources. The specification in equation (2) estimates the
effect of changes in RER undervaluation on changes in the rate of growth ‘within’
countries.8

Table 2 reports a series of estimations of equation (2) for the whole panel. In
the baseline growth regression, the estimated coefficient of lnUNDERVAL is
d̂ ¼ 0:015 which is significant at 1%.9 This implies that one standard deviation
(0.47) in lnUNDERVAL boosts the rate of growth by almost 0.75 percentage points
per annum. The coefficient, however, turns smaller and less significant as the num-
ber of control variables is increased (columns 2 to 6), and when the terms of trade
and rule of law are added to the control group, lnUNDERVAL becomes insignifi-
cant. Overall, Table 2 provides some evidence of a positive relationship between
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lnUNDERVAL and economic growth for the entire panel.10 We now investigate
whether this relationship is stronger for developing countries.

As mentioned in the previous section, Rodrik (2008) classifies developing
(developed) countries as those with a real GDP per capita of less (more) than
$6000. Under this classification, he finds that the estimated coefficient of
lnUNDERVAL in the baseline regression is low and not significant for developed
countries, whereas it is large and significant for developing countries. Columns (3)
and (4) in Table 3 reproduce those results, which are almost identical to Rodrik’s.
This is a key result that Rodrik uses to indicate that the positive relationship
between currency undervaluation and economic growth ‘is true particularly for
developing countries’ (Rodrik 2008, 365).

Table 3 reports a sensitivity analysis in which different GDP per capita thresh-
olds are used. The results show that the asymmetric effect of undervaluation
between countries is very sensitive to the choice of threshold. If the cut-off is
selected from anywhere in the $9000–$15,000 range, the estimated coefficient is
large (between 0.016 and 0.031) and highly significant for developed countries as
well.11 For GDP per capita greater than $16,000, the effect is not significant, but
this could result from the small number of observations. On the other hand, the
effect of undervaluation on growth appears to be high and robust for low-income
countries. Columns (1) to (3) show that for countries with GDP per capita less than
$6000 the effect of undervaluation tends to increase as income per capita decreases.
Overall, the evidence in Table 3 suggests that the asymmetry between developed
and developing countries may depend critically on the choice of the GDP per capita
cut-off. We return to this issue shortly.

To analyze whether there is an asymmetry between developing and developed
countries we use two alternative classifications. First, a relatively standard classifica-
tion defines developed countries as those belonging to a group of 23 countries typi-
cally considered industrialized.12 We refer to this as ‘classification I.’ One potential
objection to this classification is its static nature: countries are classified as either
developed or developing based on their current status. In our sample period that
covers 55 years, it is not evident that a country that is now seen as developed
would have been considered the same at the beginning of the sample; some
European countries in the immediate post-war period come to mind in this regard.
Similarly, there might be developing countries, which could have been considered
developed at the beginning of the sample. An example is Argentina. In order to
provide a more dynamic classification of countries, our second classification, termed
‘classification II,’ defines developed countries as those which, in a given 5-year
period, were at a per capita GDP level at least half of that of the US, excluding
those that had a population of less than a million in 2004. Under this classification,
some countries are defined as developed (developing) at the beginning but not at
the end of the sample.13

Table 4 presents estimates of equation (2) for developing countries under classi-
fication I. The effect of undervaluation on growth appears to be large and highly
significant. The estimates are robust to the use of different control variables. The
estimated coefficient reported in columns (1) to (4) remains stable in the range
between 0.017 and 0.023 and is always significant at 1%. In regression (5) that
includes the rule of law index, the coefficient becomes insignificant, but this seems
to be a result of the small number of observations rather than the loss of explicative
power due to the new control.14 When we run the regression using the same control
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variables as in column (2), but only for the periods for which there are data for the
rule of law index, the coefficient and t-statistic (d̂ ¼ 0:023 (1.27)) are similar to
those from regression (5).15 The effect of undervaluation is also robust to changes
in the sample period. We split the sample in two sub-periods: 1950–1979 and
1980–2004. This split gives sub-periods of the same length; it also separates the
pre- and post-financial globalization eras and the pre- and post-developing country
debt crisis periods. The coefficient is significant in both sub-periods although it var-
ies from 0.031 to 0.013.16 Overall, the results in this table provide strong evidence
that the effect of RER undervaluation on growth is large and significant for
developing countries.

Table 5 reproduces the same analysis for developed countries under classifica-
tion I. The results are not as conclusive as those for developing countries. This may
partly result from the smaller sample size. In the baseline regression, lnUNDERVAL
is significant at 1% and with an estimated coefficient of 0.017. Given the relatively
small sample size, we introduced control variables one at a time. In the regressions
reported in columns (2) to (8), lnUNDERVAL appears to be significant between 1%
and 10% and its estimated coefficient remains stable in the 0.012–0.019 range,
below that found for developing countries. When using terms of trade, i.e., column
(9), and the rule of law index, i.e., column (10), as controls, lnUNDERVAL is not
significant. When we control for changes in the terms of trade, the estimated coeffi-
cient actually turns negative. Finally, once we divide the sample into two periods,
lnUNDERVAL is not significant although the estimates are within the range of pre-
vious estimations.

Table 6 reports robustness checks for the presence of outliers and endogeneity/
simultaneity. The positive relationship between lnUNDERVAL and economic growth
observed in previous tables could be driven by some extreme observations of the
undervaluation index. Columns (1)–(3) and (6)–(8) show growth regressions for
successively narrower ranges of lnUNDERVAL for both developing and developed
countries under classification I. For the former, we used a regression including rele-
vant control variables; for the latter we opted for the baseline growth regression that
provides more degrees of freedom. In both groups of countries, the estimated coeffi-
cient is robust to changes in the range of lnUNDERVAL, although for developing
countries the coefficient is higher and more significant.

The real exchange rate is arguably determined jointly with other variables, and
simultaneity problems could potentially make the estimated coefficients inconsistent.
Ideally this problem could be ameliorated with the use of instrumental variables,
but it is difficult to imagine regressors that affect the real exchange rate without
having at the same time an impact on the rate of growth. To address the issue of
endogeneity we therefore follow a dynamic panel approach using the generalized
method of moments (GMM), which is common practice in growth regressions. Col-
umns (4)–(5) and (9)–(10) in Table 6 report both the difference and system GMM
estimates for both groups of countries under classification I.17 Reassuringly, the
coefficients of lnUNDERVAL are in line with those reported in previous tables. For
developing countries, the estimated coefficient lies in the 0.022–0.025 range and is
always significant at 1%. For developed countries, it lies in the 0.014–0.019 range
and is significant at 5–10%.

We reproduced the same analysis using classification II and obtained very simi-
lar results to those presented in Tables 4 to 6. The only noteworthy difference is
that, for developed countries, the coefficient on lnUNDERVAL appears statistically
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indistinguishable from zero in both the difference and system GMM estimations.
Table 7 presents a summary of the results using classification II; the whole set of
results using this classification is available on request.

So far, the findings based on our two classification criteria provide evidence
that the effect of undervaluation on growth is stronger for developing countries.
A potential problem with our results, however, is that the sample size is sub-
stantially larger for developing countries under both classifications rendering the
comparison between countries not entirely reliable. An alternative strategy to
evaluate asymmetric results between countries and avoid the sample-size problem
is to introduce interaction terms between undervaluation and income. Rodrik
(2008) makes lnUNDERVAL interact with real GDP per capita (RGDPCH) and
finds that the effect of undervaluation decreases monotonically with income
level. Column (7) in Table 2 replicates Rodrik’s finding. Our estimated coeffi-
cients are almost identical to those obtained by Rodrik. According to these, the
effect of lnUNDERVAL turns negative at levels of GDP per capita above
$17,548.

Table 3, however, suggests a closer look. Recall that the effect of undervaluation
on growth in developing countries increases as we reduce the upper limit on income
from $6000 to $2500. Recall also that something roughly similar happens for devel-
oped countries as we raise the lower bound on income from $6000 to $16,000. Is it
possible that the finding of linear interaction is masking underlying discontinuities?

Tables 8 and 9 split the countries into three categories. Table 8 does this by
dividing countries evenly into the low, middle, and high-income terciles. Columns
(2)–(4) present the estimates obtained in the absence of control variables other than
lagged per capita GDP and lnUNDERVAL. The coefficient on the latter variable is
significant (and much larger) only for the lowest tercile. Columns (6)–(8) repeat the
same analysis but now with additional controls. The pattern still holds, although the
coefficient on the middle tercile is now significant (if small) at the 10% level. Col-
umns (9)–(11) present results based on a slightly different classification. Instead of
dividing the countries evenly into three groups, we now define the lowest 25% of
countries by income as low income, the top 25% as high income, and the middle
50% ones as middle income. The coefficients on lnUNDERVAL for the low and
high income countries are now significant (at the 1 and 5% levels, respectively),
and of a similar magnitude.

Table 9 repeats the exercise but now makes the split between countries accord-
ing to their income relative to the US. The results are similar to those discussed for
Table 8 but stronger in the sense that the coefficients on lnUNDERVAL are always
significant at the 5% level for the highest income group and larger and significant
at 1% for the poorest. For the middle income group the effect is statistically indis-
tinguishable from zero.

In sum, contrary to our (and Rodrik’s) finding of a linear interaction between
RGDPCH and undervaluation, closer analysis suggests a non-monotonic relation
with the effect of undervaluation on growth being strongest for the low-income
countries but also significant for high-income countries. It appears to be non-
existent for middle-income countries. Given that, to our knowledge, no previous
paper has predicted such a pattern, this non-monotonocity presents both a theoreti-
cal and empirical puzzle.

International Review of Applied Economics 747

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

am
br

id
ge

] 
at

 0
7:

00
 3

0 
Se

pt
em

be
r 

20
14

 



T
ab
le

7.
D
ev
el
op
ed

an
d
de
ve
lo
pi
ng

co
un
tr
ie
s
(C
la
ss
ifi
ca
tio

n
II
)
:
19
50
-2
00
4.

D
ep
en
de
nt

va
ri
ab
le
:
G
R
O
W
T
H

(G
D
P
pe
r
ca
pi
ta

gr
ow

th
)a
,b

D
ev
el
op
in
g
co
un
tr
ie
s
(c
la
ss
ifi
ca
tio

n
II
)

D
ev
el
op
ed

co
un
tr
ie
s
(c
la
ss
ifi
ca
tio

n
II
)

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0)

B
as
el
in
e

-0
.8
<
ln
U
nd
<
0.
8

D
-G

M
M

S
-G

M
M

B
as
el
in
e

-0
.8
<
ln
U
nd
<
0.
8

D
-G

M
M

S
-G

M
M

L
n
R
G
D
P
C
H

(t
-1
)

�0
.0
32

⁄⁄
⁄

�0
.0
55

⁄⁄
⁄

�0
.0
57

⁄⁄
⁄

�0
.1
09

⁄⁄
⁄

�0
.0
47

⁄⁄
⁄

�0
.0
53

⁄⁄
⁄

�0
.0
59

⁄⁄
⁄

�0
.0
56

⁄⁄
⁄

�0
.0
78

⁄⁄
⁄

�0
.0
41

⁄⁄
⁄

(�
6.
04
)

(�
8.
09
)

(�
8.
35
)

(�
8.
88
)

(�
6.
74
)

(�
7.
83
)

(�
8.
53
)

(�
7.
73
)

(�
5.
45
)

(�
6.
50
)

L
n
U
N
D
E
R
V
A
L

0.
01

8⁄
⁄⁄

0.
02
3⁄

⁄⁄
0.
02
2⁄

⁄⁄
0.
02
3⁄

⁄⁄
0.
02
5⁄

⁄⁄
0.
01
6⁄

⁄⁄
0.
01
3⁄

⁄
0.
01
1⁄

⁄
0.
00

8
�0

.0
01

(4
.5
7)

(4
.4
8)

(3
.4
0)

(3
.8
6)

(5
.1
3)

(3
.1
9)

(2
.2
6)

(2
.1
7)

(0
.8
2)

(�
0.
13
)

G
ov
er
nm

en
t
co
ns
um

pt
io
n

�0
.0
65

⁄
�0

.0
55

�0
.0
56

�0
.0
69

⁄

(s
ha
re

of
G
D
P
)

(�
1.
66
)

(�
1.
42
)

(�
1.
23
)

(�
1.
86
)

L
n
(C
P
I t/
C
P
I t-

1
)

�0
.0
04

⁄⁄
⁄

�0
.0
03

⁄⁄
⁄

�0
.0
02

⁄
�0

.0
03

⁄⁄
⁄

0.
00
2

(�
3.
53
)

(�
3.
16
)

(�
1.
88
)

(�
3.
26
)

(1
.3
2)

G
ro
ss

do
m
es
tic

sa
vi
ng

(R
es
id
ua
ls
)

0.
11
7⁄

⁄⁄
0.
13
1⁄

⁄⁄
0.
10
9⁄

⁄⁄
0.
09
2⁄

⁄⁄
�0

.0
04

(4
.4
3)

(5
.0
8)

(3
.3
9)

(3
.8
7)

(�
0.
08
)

O
pe
nn
es
s

0.
01
7⁄

⁄
0.
01
5⁄

0.
01
1

0.
01
8⁄

(E
xp
or
ts
+
im

po
rt
s
as

sh
ar
e
of

G
D
P
)

(2
.1
0)

(1
.7
9)

(0
.6
8)

(1
.9
6)

L
n
(R
E
R

vo
la
til
ity

)
�0

.0
03

⁄⁄
�0

.0
03

⁄
�0

.0
02

�0
.0
02

0.
10
6⁄

⁄⁄

(�
2.
27
)

(�
1.
78
)

(�
1.
30
)

(�
1.
42
)

(4
.6
3)

E
xt
er
na
l
de
bt

�0
.0
18

⁄⁄
⁄

�0
.0
21

⁄⁄
⁄

�0
.0
19

⁄⁄
�0

.0
23

⁄⁄
⁄

(s
ha
re

of
G
N
I)

(�
3.
16
)

(�
3.
57
)

(�
2.
51
)

(�
3.
86
)

G
R
O
W
T
H

(t
-1
)

�0
.0
14

0.
02
9

�0
.1
73

⁄⁄
0.
25
2⁄

⁄

(�
0.
30
)

(0
.6
0)

(-
2.
05
)

(2
.5
2)

T
im

e
du
m
m
ie
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

C
ou
nt
ry

du
m
m
ie
s

ye
s

ye
s

ye
s

�
�

ye
s

ye
s

ye
s

ye
s

ye
s

In
st
ru
m
en
t
ra
nk

�
�

�
20

47
�

�
�

18
31

J-
st
at
is
tic

�
�

�
7.
70

38
.4
2

�
�

�
15
.0
1

24
.4
4

S
ar
ga
n
te
st
(p
-v
al
ue
)

�
�

�
0.
17

0.
20

�
�

�
0.
04

0.
22

A
dj
us
te
d
R
-s
qu
ar
ed

0.
32

0.
55

0.
55

�
�

0.
55

0.
74

0.
67

�
�

N
um

be
r
of

co
un
tr
ie
s

16
5

11
2

10
9

95
95

28
26

28
26

26
O
bs
er
va
tio

ns
10
93

53
8

51
3

40
3

40
3

21
0

17
4

20
3

17
3

17
3

a
R
ob

us
t
t-
st
at
is
tic
s
ar
e
in

pa
re
nt
he
se
s,

⁄ p
<
0.
10

,
⁄⁄
p<

0.
05

,
⁄⁄

⁄ p
<
0.
01

.
b
A
ll
re
gr
es
si
on

s
ex
cl
ud

e
ob

se
rv
at
io
ns

fo
r
Ir
aq
,
D
em

oc
ra
tic

R
ep
.
of

K
or
ea

an
d
L
ao
s.

748 M. Rapetti et al.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

am
br

id
ge

] 
at

 0
7:

00
 3

0 
Se

pt
em

be
r 

20
14

 



T
ab
le

8.
A
ll
co
un
tr
ie
s:
19
50
-2
00
.
G
ro
up
in
g
ba
se
d
on

ac
tu
al

G
D
P
pe
r
ca
pi
ta
.

D
ep
en
de
nt

va
ri
ab
le
:
G
R
O
W
T
H

(G
D
P
pe
r
ca
pi
ta

gr
ow

th
)a
,b

A
ll

sa
m
pl
e

L
ow

M
id
dl
e

H
ig
h

A
ll

sa
m
pl
e

L
ow

M
id
dl
e

H
ig
h

L
ow

M
id
dl
e

H
ig
h

<
0.
33

>
0.
66

<
0.
33

>
0.
66

<
0.
25

>
0.
75

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0)

(1
1)

L
n
R
G
D
P
C
H

(t
-1
)

�0
.0
30

⁄⁄
⁄
�0

.0
54

⁄⁄
⁄
�0

.0
60

⁄⁄
⁄
�0

.0
56

⁄⁄
⁄
�0

.0
51

⁄⁄
⁄
�0

.0
56

⁄⁄
⁄
�0

.0
78

⁄⁄
⁄
�0

.0
73

⁄⁄
⁄
�0

.0
58

⁄⁄
⁄
�0

.0
62

⁄⁄
⁄
�0

.0
88

⁄⁄
⁄

(�
6.
57
)

(�
4.
27
)

(�
5.
25
)

(�
6.
44
)

(�
9.
29
)

(�
4.
99
)

(�
8.
16
)

(�
6.
31
)

(�
4.
25
)

(�
8.
26
)

(�
6.
98
)

L
n
U
N
D
E
R
V
A
L

0.
01
5⁄

⁄⁄
0.
03
5⁄

⁄⁄
0.
00
7

0.
00
7

0.
00
7⁄

⁄
0.
03
6⁄

⁄⁄
0.
01
3⁄

0.
00
5

0.
03
5⁄

⁄⁄
0.
00
5

0.
03
2⁄

⁄
(4
.4
4)

(5
.3
7)

(1
.0
4)

(0
.8
3)

(2
.1
2)

(5
.1
3)

(1
.7
4)

(0
.4
0)

(4
.4
3)

(0
.9
0)

(2
.4
3)

G
ov
er
nm

en
t
co
ns
um

pt
io
n

0.
01
0

�0
.0
02

�0
.0
05

0.
14
4⁄

0.
00
3

�0
.0
59

0.
14
5

(s
ha
re

of
G
D
P
)

(0
.2
3)

(�
0.
06
)

(�
0.
08
)

(1
.8
5)

(0
.0
8)

(�
1.
06
)

(1
.5
2)

L
n
(C
P
I t/
C
P
I t-

1
)

�0
.0
04

⁄⁄
⁄
�0

.0
04

⁄⁄
�0

.0
04

⁄⁄
�0

.0
00

�0
.0
04

⁄
�0

.0
05

⁄⁄
⁄

0.
00
2

(�
4.
04
)

(�
2.
69
)

(�
2.
58
)

(�
0.
12
)

(�
1.
94
)

(�
3.
86
)

(0
.4
0)

G
ro
ss

do
m
es
tic

sa
vi
ng

(R
es
id
ua
ls
)

0.
11
7⁄

⁄⁄
0.
0.
81

⁄⁄
⁄

0.
13
0⁄

⁄⁄
0.
13
3⁄

⁄⁄
0.
10
8⁄

⁄⁄
0.
14
0⁄

⁄⁄
0.
16
6⁄

⁄⁄

(5
.6
1)

(2
.8
0)

(4
.0
6)

(3
.6
2)

(3
.7
9)

(5
.9
4)

(2
.7
5)

(E
xp
or
ts
+
im

po
rt
s
as

sh
ar
e
of

G
D
P
)

(3
.1
6)

(0
.1
6)

(�
0.
15
)

(3
.6
5)

(0
.2
5)

(1
.2
7)

(2
.8
7)

L
n
(R
E
R

vo
la
til
ity

)
�0

.0
03

⁄⁄
�0

.0
05

⁄⁄
⁄

�0
.0
02

0.
00
2

�0
.0
04

�0
.0
02

0.
00
2

(�
2.
21
)

(�
2.
73
)

(�
1.
09
)

(0
.8
0)

(�
1.
45
)

(�
1.
32
)

(0
.5
7)

T
im

e
du
m
m
ie
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

C
ou
nt
ry

du
m
m
ie
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

A
dj
us
te
d
R
-s
qu
ar
ed

0.
34

0.
38

0.
47

0.
51

0.
53

0.
57

0.
62

0.
64

0.
58

0.
61

0.
61

N
um

be
r
of

co
un
tr
ie
s

18
1

75
96

78
15
5

70
75

59
50

97
43

O
bs
er
va
tio

ns
13
03

43
4

43
5

43
4

85
3

28
4

28
5

28
4

21
3

42
7

21
3

a R
ob

us
t
t-
st
at
is
tic
s
ar
e
in

pa
re
nt
he
se
s,

⁄ p
<
0.
10

,
⁄⁄
p<

0.
05

,
⁄⁄

⁄ p
<
0.
01

.
b
A
ll
re
gr
es
si
on

s
ex
cl
ud

e
ob

se
rv
at
io
ns

fo
r
Ir
aq
,
D
em

oc
ra
tic

R
ep
.
of

K
or
ea

an
d
L
ao
s.

International Review of Applied Economics 749

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

am
br

id
ge

] 
at

 0
7:

00
 3

0 
Se

pt
em

be
r 

20
14

 



Ta
bl
e
9.

A
ll
co
un
tr
ie
s:
19
50
-2
00
.
G
ro
up
in
g
ba
se
d
on

G
D
P
pe
r
ca
pi
ta

re
la
tiv

e
to

th
e
U
S
.

D
ep
en
de
nt

va
ri
ab
le
:
G
R
O
W
T
H

(G
D
P
pe
r
ca
pi
ta

gr
ow

th
)a
,b

A
ll
sa
m
pl
e

L
ow

M
id
dl
e

H
ig
h

A
ll
sa
m
pl
e

L
ow

M
id
dl
e

H
ig
h

L
ow

M
id
dl
e

H
ig
h

<
0.
33

>
0.
66

<
0.
33

>
0.
66

<
0.
25

>
0.
75

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0)

(1
1)

L
n
R
G
D
P
C
H

(t
-1
)

�0
.0
30

⁄⁄
⁄

�0
.0
46

⁄⁄
⁄

�0
.0
50

⁄⁄
⁄

�0
.0
59

⁄⁄
⁄

�0
.0
51

⁄⁄
⁄

�0
.0
58

⁄⁄
⁄

�0
.0
70

⁄⁄
⁄

�0
.0
78

⁄⁄
⁄

�0
.0
51

⁄⁄
⁄

�0
.0
56

⁄⁄
⁄

�0
.0
91

⁄⁄
⁄

(�
6.
57
)

(�
4.
16
)

(�
5.
25
)

(�
6.
63
)

(�
9.
29
)

(�
6.
35
)

(�
7.
73
)

(�
8.
86
)

(�
4.
10
)

(�
8.
34
)

(�
8.
66
)

L
n
U
N
D
E
R
V
A
L

0.
01
5⁄

⁄⁄
0.
03
1⁄

⁄⁄
0.
00
3

0.
01
8⁄

⁄
0.
00
7⁄

⁄
0.
03
6⁄

⁄⁄
0.
00
9

0.
02
2⁄

⁄
0.
03
7⁄

⁄⁄
0.
00
3

0.
02
7⁄

⁄
(4
.4
4)

(4
.8
2)

(0
.4
6)

(2
.5
1)

(2
.1
2)

(5
.1
0)

(1
.2
3)

(2
.2
2)

(4
.4
4)

(0
.5
7)

(2
.4
2)

G
ov
er
nm

en
t

co
ns
um

pt
io
n

0.
01
0

�0
.0
21

�0
.0
91

0.
12
3⁄

�0
.0
04

�0
.0
72

0.
09
5

(s
ha
re

of
G
D
P
)

(0
.2
3)

(�
0.
52
)

(�
1.
37
)

(1
.8
7)

(�
0.
10
)

(�
1.
44
)

(1
.2
3)

L
n
(C
P
I t/
C
P
I t-

1
)

�0
.0
04

⁄⁄
⁄

�0
.0
04

⁄⁄
�0

.0
05

⁄⁄
⁄

�0
.0
04

⁄⁄
�0

.0
03

⁄
�0

.0
05

⁄⁄
⁄

0.
00
2

(�
4.
04
)

(�
2.
43
)

(�
2.
77
)

(�
2.
11
)

(�
1.
83
)

(�
3.
71
)

(0
.5
2)

G
ro
ss

do
m
es
tic

sa
vi
ng

(R
es
id
ua
ls
)

0.
11
7⁄

⁄⁄
0.
0.
96

⁄⁄
⁄

0.
14
3⁄

⁄⁄
0.
12
9⁄

⁄⁄
0.
0.
84

⁄⁄
⁄

0.
14
3⁄

⁄⁄
0.
13
4⁄

⁄⁄

(5
.6
1)

(3
.2
6)

(4
.4
8)

(4
.3
4)

(2
.8
1)

(5
.7
7)

(3
.1
0)

O
pe
nn
es
s

0.
02
5⁄

⁄⁄
0.
02
9⁄

-0
.0
01

0.
03
6⁄

⁄⁄
0.
01
2

0.
01
0

0.
02
9⁄

⁄
(e
xp
or
ts
+
im

po
rt
s

as
sh
ar
e
of

G
D
P
)

(3
.1
6)

(1
.8
5)

(-
0.
11
)

(3
.3
4)

(0
.7
6)

(1
.3
3)

(2
.2
6)

L
n
(R
E
R

vo
la
til
ity

)
�0

.0
03

⁄⁄
�0

.0
05

⁄⁄
�0

.0
01

0.
00
2

�0
.0
02

�0
.0
02

0.
00
2

(�
2.
21
)

(�
2.
37
)

(�
0.
74
)

(1
.2
7)

(�
0.
78
)

(�
1.
13
)

(1
.0
2)

T
im

e
du
m
m
ie
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

C
ou
nt
ry

du
m
m
ie
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

ye
s

A
dj
us
te
d

R
-s
qu
ar
ed

0.
34

0.
36

0.
41

0.
50

0.
53

0.
57

0.
62

0.
64

0.
50

0.
61

0.
64

N
um

be
r
of

co
un
tr
ie
s

18
1

75
94

65
15
5

66
70

51
51

90
39

O
bs
er
va
tio

ns
13
03

43
4

43
5

43
4

85
3

28
4

28
5

28
4

21
3

42
7

21
3

a
R
ob

us
t
t-
st
at
is
tic
s
ar
e
in

pa
re
nt
he
se
s,

⁄ p
<
0.
10

,
⁄⁄
p<

0.
05

,
⁄⁄

⁄ p
<
0.
01

.
b
A
ll
re
gr
es
si
on

s
ex
cl
ud

e
ob

se
rv
at
io
ns

fo
r
Ir
aq
,
D
em

oc
ra
tic

R
ep
.
of

K
or
ea

an
d
L
ao
s.

750 M. Rapetti et al.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

am
br

id
ge

] 
at

 0
7:

00
 3

0 
Se

pt
em

be
r 

20
14

 



Conclusion

Recent research has found a positive relationship between RER undervaluation and
economic growth. Different rationales for this association have been offered, but
they all imply that the mechanisms involved should be more prevalent in develop-
ing countries. Rodrik (2008) finds evidence that the RER–growth relationship is
indeed more prevalent in developing countries and that, interacting the index of
RER undervaluation with the level of GDP per capita, the effect of currency
undervaluation tends to decrease linearly with the latter.

In this paper we show that Rodrik’s findings are sensitive to the criterion for
dividing the sample between developed and developing countries. Overall, using
alternative classification criteria and empirical strategies to evaluate the existence of
asymmetries between groups of countries we confirm that the effect of currency
undervaluation on growth is larger and more robust for developing countries. But
further analysis also suggests that this finding masks an important non-
monotonicity. Although, the effect of undervaluation on growth appears to be largest
for very poor countries, it is significant for the highest-income countries as well. The
contrasting behavior of middle-income countries presents a puzzle, which, if it
proves robust to alternative specifications and variable definitions, must be addressed
by future theoretical and empirical analysis.

Notes
1. See, for instance, Porcile and Lima (2010) and Razmi, Rapetti, and Skott (2012).
2. Berg and Miao (2010) also test the robustness of Rodrik’s result to an alternative specifi-

cation of the real exchange rate and derive similar estimates. Their classification criterion
for developing and developed is the same as Rodrik’s.

3. Ideally, one would like to use effective real exchange rates because they provide a more
precise measure of the degree of international competitiveness of a country. We decided
to use bilateral rates against the US dollar due to data availability issues: there are no
large data sets of effective RERs. This choice should not be problematic. Effective RERs
and bilateral RERs against the US are highly correlated in developing countries. More-
over, effective RERs are typically less volatile than bilateral RER against the US. This
is the case because shocks affecting the latter tend to affect trade partners in the same
region similarly (e.g., a shock that makes the Argentine peso depreciate against the US
dollar will typically generate depreciation pressures on the Brazilian real against the US
dollar). This makes bilateral rates against regional trade partners (and, hence effective
RERs) less volatile. Given the lower volatility of effective RERs, the use of bilateral
RERs against the US will – if anything – underestimate the effect of exchange rate
undervaluation on growth. Thus, our results could be interpreted as a lower bound on
the effect of RER undervaluation on growth.

4. Rodrik reports that lnUNDERVAL has a zero mean and standard deviation of 0.48.
5. Also following Rodrik, we exclude from the sample three countries with extreme values

of lnUNDERVAL: Iraq, the Democratic Republic of Korea and Laos. Former COM-
ECON countries and Eurozone countries are included within this group of 181 countries.
For Eurozone countries, RERs are calculated using relative prices and individual
exchange rates for the pre-euro period and the euro exchange rate for the post-euro per-
iod. For former COMECON countries data on bilateral RERs begin in the following
five-year periods: 1955–59 (Romania), 1965–69 (Hungary), 1970–74 (Bulgaria and
Poland), 1980–84 (Czech Republic) and 1990–94 (Russia). Our results are not affected
if the early (pre Soviet collapse) observations for COMECON countries are excluded
from the data set.

6. Since saving decisions are likely to be affected by the real exchange rate, UNDERVAL and
the saving rate (GDSGDP) are expected to be highly collinear. To correct for
multicollinearity, we estimated the effect of undervaluation on the saving rate
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ðGDSGDPit ¼ aþ b lnUNDERVALit þ ft þ fi þ eitÞ and then used the residuals of this
regression as a control variable. With this methodology the coefficient on lnUNDERVAL
captures its direct effect on the dependent variable (GROWTH) and its indirect effect
through the saving rate. The coefficient on the residuals captures the effect of the saving
rate on the dependent variable, net of the effect of lnUNDERVAL.

7. We also explored lagged effects of lnUNDERVAL but found these to be insignificant in
the baseline regression.

8. As pointed out by a referee, the inclusion of country fixed effects can lead to problems
of interpretation. Country fixed effects are needed to capture the incidence of idiosyn-
cratic time invariant factors on the dependent variable. Together with the constant term
(α), the fixed effect (fi) in equation (2) provides an estimation of each country’s average
trend growth rate over the sampling period. Since trend or potential growth rates are
unobservable, econometric studies have typically used five-year averages (or even lower
frequencies) to get a proxy of trend GDP growth rates, and thus ‘clean’ the series from
short-run cyclical movements (see Durlauf, Johnson, and Temple 2006, for a detailed
discussion of this issue). The presence of an intercept term and country fixed effects in
combination with the five-year averages enables us to identify the effect of changes in
the degree of RER undervaluation on long-term or potential GDP per capita growth on
the basis of within country variation.

9. Rodrik’s estimated coefficient of lnUNDERVAL is d̂ ¼ 0:017 and it is significant at 1%.
10. Rodrik does not add control variables to the regression using the whole sample; hence,

no direct comparison is possible.
11. For countries with GDP per capita less than a cutoff in the range of $6000–$16,000, the

estimated coefficient is between 0.024 and 0.017 and always significant at 1%. An
appendix with details is available on request.

12. The countries are Australia, Austria, Belgium, Canada, Denmark, Finland, France,
Germany, Greece, Iceland, Ireland, Italy, Japan, Luxembourg, the Netherlands, New
Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the United Kingdom and the
United States. Other studies have followed a similar classification. See, for example,
Prasad, Rajan, and Subramanian (2007).

13. According to classification I, there are (11×23=) 253 observations for developed coun-
tries. The number changes to 226 under classification II. Of these, 196 are common. The
lists of developed countries according to both criteria are presented in the available-
on-request appendix.

14. Data for the rule of law index are available only for two periods: 1995–99 and 2000–
2004.

15. Given the lack of explanatory power of the rule of law variable, one could simply
decide not to include it in the regression analysis. We report the result because it is a
control variable that is commonly used in growth regressions (Durlauf, Johnson, and
Temple 2006).

16. We obtained the same coefficients at the same significance level when dividing the sam-
ple in an alternative split for the pre- and post-globalization eras: 1950–74 and 1975–
2004.

17. For the difference (D-GMM) and system (S-GMM) estimators we followed Arellano and
Bond (1991) and Arellano and Bover (1995), respectively. In both cases, we used 2-step
period seemingly unrelated regressions (SUR) weights to correct for period heteroskedas-
ticity and general correlation of observations within cross-sections.
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