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Abstract

Undervaluation of the currency is generally belgve affect growth through two main transmissioarahels:
the “capital accumulation channel” and the “totdtbr productivity (TFP) growth channel”. This paparries
out the first empirical investigation on the TFRwth channel. More specifically, we provide answerghe
three following questions: Does undervaluation loé turrency boost the overall productivity level thre
economy? If so, does this “undervaluation-inducpdiductivity improvement significantly enhance gtb®
And finally, what is the magnitude of the TFP grbvehannel compared to the capital accumulation &i@n
The analysis is conducted on a panel of 72 countner 1970-2008. The results give strong suppattid TFP
growth channel: a 10% increase in undervaluatidrarces growth on average by 0.14% via an improveimen
productivity. Most interestingly, our estimates gast that this channel conveys the most importarit gf the
growth-enhancing effect of undervaluation. The mdde been subject to various robustness checkspport
these findings.
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I ntroduction

Does the value of the currency matter for econgreiformance? For the layperson, the answer to this
guestion would be a straight “yes”. For economiigt@ever, it has a long history of debate. From the
era of currency wars and competitive devaluationthé 1930s to the current debate on the real value
of the Chinese renminbi, this question has always khe interest of the profession. Modern debates
oppose two main views. A first approach, oftennmefé to as the “Washington consensus view”, holds
that the value of the currency should be set atal lthat is consistent with both internal and exie
balances (Krueger, 1983; Edwards, 1989; Williamskd90). Deviations of the exchange rate from
this equilibrium level —in short, exchange rate ahghments— are associated with some sort of
macroeconomic disequilibrium, regardless of theation of the misalignment. Both undervaluation
and overvaluation are argued to be harmful to dnptitough avoiding overvaluation appears to be the
main imperative as the latter is associated wiisés of competitiveness, a squeeze on the tradable
sector, and increasing odds of balance of paynardscurrency crises (see for example Cottani et al.
1990; Ghura and Grennes, 1993; and Loayza et @05)2 On the other hand, undervaluation is
discredited on the grounds that it could “produnaecessary inflationary pressures and also lireit th
resources available for domestic investment, amtdecurb the growth of supply-side potential”
(Williamson, 1990).

However, as the China and other east-Asian coghsigcess story came into the spotlight, theratte
assertion has been called into question. Indeed ttecade, some economists have refreshed an idea
that has been discussed extensively in the postit@eature: an active exchange rate undervaluation
strategy can efficiently stimulate growtfThe revival of this idea has since triggered aerise debate
opposing advocators of this claim (Aguirre and @edd, 2005; Rodrik, 2008, inter alia), to more
skeptical economists (Woodford, 2009; Nouira ankk8g 2012).

Beyond the empirical documentation of this effeat,key aspect in this debate has been the
identification of the transmission channels throudtich it is generated. The literature points ta¥gar
two main channels. The first channel —known as“dapital accumulation channel’- refers to the
claim that real exchange rate undervaluation erdggrowth through an increase in the stock of
capital in the economy. In fact, this view bringgether two sources of capital accumulation. In the
first mechanism, the capital accumulation operatedusively in the tradable goods sector —whose
share in GDP increases (Rodrik, 2008)— while insdeond, the stock of capital increases through the

expansion of overall savings and investment (Leeyati and Sturzenegger, 2007 ; Bhalla, 2007).

2 See Razin and Collins (1999), Dooley et al. (208®)terovich and Popov (2004), Hausmann et al. §208guirre and

Calderon (2005), Gala and Lucinda (2006), Levy-Yiewatd Sturzenegger (2007), Prasad et al. (2007 &007),

Aizenmann and Lee (2007), Bhalla (2007), Rodrik @009, 2010), Eichengreen (2008), Berg and Mi@d @2, Korinek

and Serven (2010), McLoed and Mileva (2011), andN¥o et al., (2011). Another recent line of liten@ has also
highlighted the existence of asymmetric effectsardipg the impact of overvaluation and undervabrathn growth (see
Béreau et al., 2012 for example)



The second transmission channel of the potentiaivifirenhancing effect of undervaluation —
commonly dubbed the *“total factor productivity (TFBrowth channel’- places the structure of
domestic production at the core of the analysislefireciated real exchange rate, equivalent to an
increase in the price of tradable goods relativenda-tradables, improves the profitability of the
tradable sector. As production responds to theepricentive and moves from the non-tradable to the
tradable sector —characterized by a higher (margoaal) productivity—, the overall productivity i
the economy increases. Such economy-wide prodtyctimprovement ultimately fosters growth. This
is to say, for example, that the alleged undertainaof the renminbi affects China’s growth
performance by subsidizing its tradable sector, civhexpansion is associated with greater
productivity. The literature is not always explioit the ways through which an increase in the gize
the tradable sector can improve productivity (Eigireen, 2008). Most accounts point towards some
“learning by doing effects” (LBD) associated withetproduction of tradables. We will discuss this

point in details in section 2.

It is quite surprising to find no empirical testtbfs TFP growth channel considering its recurrence
the literature. Some early references can be trbeel to Kaldor (1978). It has also been taken up
recently by authors like Gala (2007), Aizenmann bhad (2007), Eichengreen (2008), Rodrik (2009),
as well as Korinek and Serven (2010); but theynditiprovide empirical support for their arguments.
Some papers, mostly in the Dutch disease literaals® studied the link between TFP and the real
exchange rate but focused on the effects of reafvaluations. To our best knowledge, there is no
empirical investigation on this transmission chdmighe effect of undervaluation on growth. Fitlin
this gap is the aim of this paper. More specificalve provide answers to the three following
guestions: Does undervaluation of the currency tibesoverall productivity level in the economy? If
so, does this “undervaluation-induced” productivityprovement significantly enhance growth? And
finally, what is the magnitude of the TFP growthachel compared to the capital accumulation

channel?

Our study is close to the recent paper by McLoedl Mileva (2011). Using simulations of a two-
sector open economy growth model based on Matsuya@®®) and panel estimates for 58 countries,
these authors conclude that a weaker real exchatgean lead to a growth surge, as workers move
from non-traded goods sectors with slower proditgtiyrowth to traded good industries characterized
by more LBD. Nevertheless, there is a fundamerdateptual difference between our approach and
that of these authors. We are testing in this papather (at least part of) the effect of real exale
rate undervaluation on growth operates through an economy-wide pradtyctimprovement.
McLoed and Mileva focus on thevel (and not themisalignment of the real exchange rate, solely

discussing the appreciation and depreciation phasd®ut any positioning with regard to the

3 Even on the overvaluation side empirical evidermes mixed. A large strand of studies “paradoxi¢alinds that real
exchange rate overvaluation improves productivege(Krugman, 1989 inter alia). On the undervalaaide, an exception
is Harris (2001) who finds a negative impact of emvaluation on productivity growth in the long term



equilibrium real exchange rate. Our approach sgeneferable as it takes into account the probable

evolution of the equilibrium real exchange raterdime.

Beyond the fact that it provides the first empiricevestigation on the TFP growth channel, thisgrap
extends the existing literature on at least twoitaadthl points. First, we provide an estimationtioé
relative magnitudes of the two competing operativannels in the literature: the TFP growth channel
and the capital accumulation channel. Second, wgate the most up-to-date “enhanced-PPP” based
undervaluation estimates, responding to the Subwema(2010)’s recent call for re-estimation of

existing figures of PPP-based undervaluation, whidfer from numerous problems (see section 3).

Relying on a panel of 72 developing, emerging aedetbped countries over the 1970-2008 period,
we find strong support for the TFP growth chan@. average, a 10% increase in undervaluation
enhances growth by 0.17% via an improvement inywtidty. Moreover, our estimates suggest that
the most important part of the growth-enhancingedffof undervaluation passes through such

productivity improvements.

The remainder of the paper is organized as folldwshe next section, we discuss the mechanisms
through which undervaluation of the currency coirgprove productivity. Section 3 presents the

undervaluation indexes used in this paper. Secioarries out the empirical assessment of the TFP
growth channel. Finally, Section 5 conducts a rofmss test, and section 6 provides some concluding

remarks.
2. Why should currency undervaluation increase TFP?

As stressed before, undervaluation of the currén@gsociated with a shift of production towards th
tradable sector as the latter becomes more prigitblowever, the literature is not always explanit
the mechanisms through which such a shift of priddnacould improve productivity. It is generally
referred to some “learning by doing effects” withbeing very clear on what is put under this gemeri
term. In the following, we emphasize three chantieteugh which an increase in the size of the
tradable sector may improve productivity: a “pummposition effect’, a “learning by doing effect”

and a “learning by doing externality effect”.

The “learning by doing effect” refers to the capiabiof firms to improve their productivity as they
accumulate experience on production. Productiviting are typically achieved through practice and
self-perfection. This LBD is associated with capitand/or production: firms improve their
productivity either by investing or by producin§such LBD effects are more present in the tradable
sector than in the non-tradable sector, a shiftrofluction towards tradables can foster produgtivit
growth. Numerous empirical documentations of theHfects can be found in the literature (see
Ohashi, 2005).



Apart from this LBD internal to the firm, some enttealities associated with LBD can spill to firms or
sectors other than the one that actually undertddeemanufacturing. We refer to this as the “laagni
by doing externality effect”. The most obvious samssion channel of these externalities is labor
mobility across firms or sectors. Trained workemsone firm can move to other firms (sectors),
carrying with them the knowledge capital they hageumulated (through LBD) in their former job.
This LBD externality effect is then primarily asgated with labor. However, externalities associated

with R&D and economies of scale can also enterstheBD externality effects”.

Unlike the previous two dynamic concepts, the timrelchanism can operate in a static fashion. We
suppose here for many reasons, including LBD effanotl LBD externality effects among firms in the
tradable sector, that the latter is fundamentalyyerproductive than the non-tradable sector. lemth
words, at any point in time, productivity is highiarthe tradable sectérThen, if this assumption is
valid, reallocation of production from the non-tahdes to the tradables can increase the overall
productivity level in the economy even in statiengrating a “pure composition effect”. Various
empirical supports of this mechanism can be foundhe literature. For example, McMillan and
Rodrik (2011) argue that applying the developedtides inter-sectoral distribution of production to
developing countries (holding unchanged their satforoductivity levels) would entail productivity
gains ranging from 100% for India to 1000% for Qe

It is worth noting that these three effects are anlikely to occur simultaneously following an
undervaluation of the currency, making it hard istidguish between them. In this sense, the overall
productivity measure used in this paper providealaable feature by accounting for all of thesee¢hr

mechanisms (see section 4).
3. Measuring undervaluation: methodology and data

3.1. Methodology

The question of the appropriate measurement ofruallation is one of the most contentious issues
in applied macroeconomics. Current controversigsose economists on two main points. A first
source of debate is the choice of approach, asralegempeting procedures are available, each
applying to a certain time horizon or reflectingparticular definition of the “equilibrium real

exchange rate”. The most popular ones are prolthblyenhanced purchasing power parity” (PPP)
approach, the so-called “fundamental equilibriunthenge rate” approach, (FEER, Williamson,
1985) and the “behavioral equilibrium exchange’rafproach (BEER, Macdonald, 1997; Clark and
Macdonald, 1998).A second controversy has been recently raisedithyoes like Nouira and Sekkat

(2012) who cast doubts on the validity of existamgpirical evidence on the impact of undervaluation,

4 An assumption that was not required for the LBRetfand the LBD externality effect.
5 Some additional less used procedures can alsourel fin the literature, such #se natural equilibrium exchange rate
(NATREX, Stein, 1994).



rightly pointing out that the latter are based,tf@ most part, on misalignment indexes capturistg b
undervaluation and overvaluation episoti@hus, a positive correlation between these indexes
the growth rate could be only reflecting a stromgj-growth effect of overvaluation outweighing a

non-significant effect of undervaluation.

A constant effort is made throughout this papertadéet these controversies “pollute” the assessmen
of the question of primary interest here — whichthie empirical investigation of the TFP growth
channel. Each of the three aforementioned measiaits advantages and drawbackecordingly,

they should be considered as complementary rathem substitute. In this paper, we compute
undervaluation indexes based on the two most relytiised undervaluation measurement approaches
in the literature: enhanced-PPP and BEER. Moreaveraddress the composition-effect criticism by
systematically isolating the impact of undervaloatirom that of overvaluation. Results based on the
enhanced-PPP measure are presented in the mainwioldysection 5 shows that our findings are

robust to the use of both measures.

Building on a long-standing tradition in econom{€soot and Rogoff, 1996; Coudert and Couharde,
2005; and Rodrik, 2008 inter alia), the enhanceB-BRdervaluation index used in this paper is based
on the standard PPP criterion, adjusted for tha®3al Samuelson effect. Its computation follows four

steps.

We first calculate the real exchange rate in I€REIR;;) or relative price level of GDP, as follows:

log(RER;;) = log(XRAT;;/PPPy) = log(Pysa/P) (1)

whereXRAT;; is the nominal exchange rate of the domestic nagragainst the U.S. dollaPPP;; is
the PPP exchange ratg,, is the price level in the U.S.Ap; is the price level in countriyandt is an
index for five year period$This first step gives the simplest version of BfeP-based misalignment
index. As absolute respect of PPP implies ttRER;; equals one, a positive value of I8GR;;)

reveals an undervaluation and a negative valugesph overvaluation GtER;;.

The second step consists in adjusting this meaiurdghe Balassa-Samuelson effect giving an
“enhanced” misalignment index (Cline and Williams@009). This is done by regressiR§R;; on
the real GDP per capit®R GDPCH;;):

log (RER;;) = a + Blog (RGDPCH;) + fi + & (2)

¢ Noteworthy exceptions are Aguirre and Calderon (20&8d Béreau et al., (2012).

” See Cline and Williamson (2008), comments from keh(2008) and Driver and Westaway (2005) for désions on the
merit of each measure; and Bénassy-Quéré et al0)20ilthe complementarity of the different measures

8 The inverse of the variabfein the Penn World Tables (called the “price lesGDP”) is equivalent to RER. We used
here as this series is more complete tiBAT andPPP. Moreover, unless explicitly stated otherwise,eang time periods
are considered to smooth out short term movementse variables. This procedure has however thelshek of reducing
the number of degrees of freedom. We have alsah@enegressions with annual data and results aaétafively similar.
They are available upon request to authors.



wheref; is a full set of time fixed effects aimg is the error term. The coefficiefittells us on average

how much a country’s real exchange rate tends poeafate as it becomes richer (as predicted by

Balassa-Samuelson). Then, the fitted value frors #duation (log{ER;;)) captures the part of
changes in RER that can be seen as “naturalthieefraction that does not reflect any misalignnant
the currency. Removing the latter from the curreritie of RER;, gives us therefore an enhanced-PPP

misalignment indexrtisppp;,):
misppp;r = 10g(RER;;) —log(RER;) (3)

A positive value ofnisppp;; indicates that the exchange rate is set suclittbgirice level at home is
lower than predicted by purchasing power paritg: tthal exchange rate is undervalued. Conversely, a

negative value ofmisppp;; implies that the real exchange rate is overvalued.

In a final step, we break down the latter compositsalignment index into its undervaluation and
overvaluation components. We define the dummlywhich takes the value of 1 when the real
exchange rate is undervalued and O otherwise. @dervaluation and overvaluation variables are

then computed respectively as follows:

UNDERVAL;; = misppp;: -D; (4) and OVERVAL;; = misppp;:-(1—D¢) (5)

3.2. Data

The analysis is conducted on a large panel of Unhtoes observed over 1970-2008. The baseline
dataset comprises annual data for 38 developingtdes and 34 advanced econoniiédle have
strived to consider a sufficiently large number amiuntries to fully exploit the heterogeneity of
countries’ experiences — notably, in terms of exdgearate regime and level of development — while

keeping an acceptable quality of inference in gpoading subsamples.

We rely on data from the Penn World Tables (PWTsiom 7.0 (Heston et al., 2011) to compute our
enhanced-PPP misalignment indexes. This providesvitts the most up-to-date enhanced-PPP
misalignment estimates, meeting the SubramaniahOj2 recent call for re-estimation of existing
figures of PPP-based misalignment (including Rod2(08 and Reisen, 2009 among others). Indeed,
the latter suffer from numerous problems. First,shewn by Johnson et al. (2009), there was a
valuation problem in the PWT methodology that ledniportant variations across different versions
of PWT and across time, implying weak robustnes®PP misalignment estimates based on those
versions.’ Second, some authors like Deaton and Heston (28@g)e that the price level of GDP

(i.e., the RER) for China has been overvalued lmuaBR0% in the previous versions of PWT.

° Table Al displays an exhaustive list of countriemsidered in this paper. Following Rodrik (2008 wonsider as
developing countries, those that have a per c&iitR lower than 6000 US$.

109 In fact, the warning includes also data for ygamuntries) other than the benchmark year (courfoly)which detailed
price data have been collected. We think thatgh@uld not be of great concern here since (i) @imy countries are “none

7



Exploiting data from recently issued PWT 7.0, whadrrect for the aforementioned problems, our
estimates yield a value of -0.16 for the paramgten equation (2) — with a t statistic around 12.
Figure A1 and Table A3 respectively report theriistions of our undervaluation and overvaluation
indexes, as well some summary statistics of thesehles. Anecdotally, we find an undervaluation
rate around 35% over the post 2000 period for CtiRdrik, 2008 and Reisen, 2009 reported 50%
and 12% respectively).

4. Undervaluation, TFP and growth: empirical evidence

4.1. Undervaluation and growth: the direct effect

We start by ascertaining the growth-enhancing eftdcundervaluation. Such an exercise is of
particular interest, given the lack of consensurameconomists on this issue (see Nouira and
Sekkat, 2012 for the latest act of this current mmeinse debate). Our basic model to investigase th

guestion is specified as follows.

growth; = a + f1growthy_1 + foUNDERVAL; + f30VERVALy + ByXir + f2 + €ir (6)

wheregrowth;; is the per capita GDP growth rateéNDERV AL;; andOVERV AL;; are respectively
our undervaluation and overvaluation indexes, &pdis a set of common growth determinants.
Building on the voluminous cross-country growtledéture, we consider the most common growth
determinants in empirical studies. These inclugehé quality of institutions (proxied by the vabie
polity2 from the Center for Systemic Peace database, s®endglu and al, 2005), (i) fixed
investment to GDP, (iii) human capital (measuredhasgross secondary school enrollment rate, see
Mankiw et al., 1992), (iv) government consumptianpercentage of GDP (Barro and Sala-i Martin,
1995), (v) trade openness (given by the sum of gg@md imports to GDP, Edwards, 1998), (vi) the
inflation rate, and (vii) commodity terms of tradeata are drawn from the World Development
Indicators (WDI) and World Economic Outlook (WEOatdbases. As witnessed by the presence of
the lagged value of the dependent variable am@td-hiand-side variables, the model is formulated in
dynamic fashion. This specification choice is cboxated by the significance of this lagged value in
all the estimates. Our primary interest lies @ynwhich measures the effect of real exchange rate

undervaluation on growth.

A crucial question one must rule on before estingathis model is the identification of causality

between undervaluation and growth, i.e. the paiestidogeneity of the real exchange rate (as well a
many of the control variables). Even though widalymitted, this issue is not always properly
addressed in the empirical literature. In factsthas been one of the sources of criticisms from

detractors of the growth enhancing effect of undkmation. Accordingly, we base our main

benchmark” in our sample (ii) as stressed by Jahmretoal. (2009), the fact of pooling data over Igreriods reduces
considerably the effect of non-benchmark years.



conclusions on estimates using dynamic panel GMkmasors (Arellano and Bond, 1991; and
Blundell and Bond, 1998). These estimators proadeefficient identification strategy by using an
internal instrumentation structure (see Roodmam®g2for a comprehensive user’s guide). We rely
more particularly upon the Blundell and Bond (199&stimator as it provides the most efficient
identification strategysee Bond et al., 2001). Moreover, as suggestecbhyentional econometric
practice, we systematically check that: (i) botlvatues associated with the Sargan and Hansen
statistics do not reject the over-identifying riesions confirming the validity of the instrumeni(g)

the AR(1) test statistics rejects the null of nstforder autocorrelation in error terms, while the
Arellano-Bond test for AR(2) fails to reject thellnof no second-order autocorrelation in residuals,
reinforcing the validity of our instrumentation aegy (the use of lagged values of regressorsg); (ii
the instruments count is sufficiently low to avgidoblems related to the “over-fitting bias” (see
Roodman, 2007).

The results are presented in Table 1. Columnsdl1l4 report the estimation of our basic model in
equation (6), using standard fixed (column 1.1) eardlom effects panel estimators (column 1.2), the
“difference GMM” estimator (Arellano and Bond, 199d&olumn 1.3) and the “system GMM”
estimator (Blundell and Bond, 1998, column 1.4)g&dless of the estimator used, real exchange rate
undervaluation appears to be significantly assediatith a growth surge. The estimated coefficient i
guite stable across estimations. A 1% increaséénmagnitude of undervaluation leads to a 0.028
percentage points increase in the growth rate erdity to the Blundell-Bond estimate. Interestingly
this result turns out to be robust to the introducof variables such as trade openness and tefms o
trade, indicating that the estimated effect of umdkeiation on growth cannot be explained by a sampl

export-led growth story. A more structural mechamnis at stake.

As expectedQVERVAL comes with a negative sign in all estimates, veisneg the strong anti-growth
effect of currency overvaluation. On average, aitébease in the latter is associated with a 0.021
percentage points contraction in growth. Noticeabiyervaluation appears to undermine growth in a

roughly similar degree that undervaluation enhaiitces

Columns 1.5 to 1.8 address the heterogeneity iasdenvestigate alternative specification choices.
We first replicate our baseline estimation usingssumples of developing and developed countries —
respectively in columns 1.5 and 1.6 — to ensuré dbafindings do not hide diverging dynamics in
these two groups. It appears that the growth enhgretfect of undervaluation is observable in both
groups of countries. However, consistent with pdecg findings in the literature (Aguirre and
Calderon, 2005), this effect seems stronger inldeugg countries. A 1% increagethe magnitude of
undervaluation is associated on average with a pdidentage points enhancement in developing

countries’ growth, while it spurs growth by 0.01&gentage points in developed countries. In column

11t is worth mentioning that the effect of currencyses, if anything, would work against findindedeed, the sharp
depreciations of the exchange rate that usuallgviothem are likely to be associated witdexlinein growth.



1.7, we explore whether currency undervaluationaiotp growth differently in pegged, intermediate

or floating exchange rate regimes. To this endadato our baseline specification the interactions

Tablel: Real exchange rate undervaluation and graie direct effect

Dependent variable: GDP growth rate

Full Full Full Full Developing Developed Full Full
sample sample sample sample  countries countries sample sample
FE RE GMM
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.9
Growth(-1) -0.0543 0.251***  0.265*** 0.153**  0.287** 0.0991**  0.194*** 0.161*
(-1.592)  (3.782) (2.781)  (2.033)  (2.120) (2.343) (3.205)  (1.739)
UNDERVAL 2.176%*%*  1532%**% 2 542%* 2 783%*  3.972%** 1.176* 2.508%** 2,791***
(5.502) (3.963) (2.216) (2.264) (3.753) (1.760) (3.017) (4.624)
OVERVAL -2.853***  .1.287%** -2.316%** -2.083*  -3.274%** .2.197*** .1.989%* -2.431%***
(-2.902) (-2.752) (-3.682)  (-1.781)  (-5.752) (-2.830) (-2.103) (-2.975)
Institutions quality 0.0628 0.0842 0.0954 0.0691 0.0927***  0.00971 0.0812* 0.0842
(1.419) (1.478) (1.591) (1.047) (3.532) (0.0902) (1.699) (1.608)
Investment 3.165%**  1.962***  1.952% 2.546* 1.963* 3.001%**  2,731** 2.850*
(2.981) (3.564) (1.752)  (1.754)  (1.708) (3.731) (1.980)  (1.725)
Human capital -0.0248 -0.0851 0.145***  0.104**  0.109** 0.0651 0.123**  0.134**
(-1.243) (-0.126) (2.851) (2.463) (2.001) (1.528) (2.062)  (2.290)
Public expenditures -1.365 -1.265 -0.152 -0.130 -0.189 0.0871 -0.201 -1.502
(-1.137)  (-0.741)  (-1.510) (-0.0434) (-1.017) (0.137) (-1.372) (-0.571)
Inflation -3.281**  -3.148%** .2.287*** -1.663*** -1.254* -2.901**  -1.754%** -1.710**
(-2.276) (-3.345) (-3.981)  (-3.344) (-1.724) (-2.085) (-3.952) (-2.201)
Trade openess -0.521 -0.434* 0.323 -0.0799 1.558 0.438* 0.338
(-0.919)  (-1.752) (0.0765) (-1.184) (1.592) (1.702)  (0.721)
Terms of trade -0.761 -0.705 2.279 1.041 0.928 1.353* 1.174
(-1.298) (-1.102) (0.899) (1.499) (1.597) (1.716)  (1.499)
Pegged regimes*UNDERVAL 0.451
(1.096)
Intermediate Regimes *UNDERVAL 0.213
(0.174)
Pegged Regimes 0.0025
(1.295)
Intermediate Regimes 0.0073
(1.472)
UNDERVAL® -3.007
(-1.581)
OVERVAL® -4,162%%*
(-5.729)
No of Obsv 444 444 365 373 190 183 370 373
AR(1) p-value 0.000 0.000 0.002 0.009 0.000 0.000
AR(2) p-value 0.752 0.598 0.921 0.742 0.625 0.592
Sargan p-value 0.529 0.652 0.127 0.239 0.836 0.410
Hansen p-value 0.218 0.358 0.228 0.391 0.413 0.374
Time fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
No of countries 71 71 70 70 38 32 70 70
No of Instruments 26 30 30 31 34 32
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Note: *significant at 10% **significant at 5% **tgnificant at 1%. Robust t-statistics in parentlsesé/e recode
overvaluation figures to be positive for simplicdf/the interpretation.

between undervaluation and two of Reinhart and Ro904)’'s de factoexchange-rate-regime
dummy variables (recently updated to 2010). MorecBjally, we introduce dummies identifying
pegged and intermediate regimes, with floatingmegi being kept as the reference. Here also our
main conclusions remain unaltered by this partimérthe sample. Finally, we allow the effects of
undervaluation and overvaluation on growth to delp@m the size of the misalignment in column 1.8.
As in Rodrik (2008), we find no evidence of norelamity in the relationship between undervaluation
and growth. On the other hand, it appears thatvalgation hurts growth at an escalating marginal

rate.

Turning to the other growth determinants, only ldgged growth rate, human capital, investment and
the inflation rate appear to explain robustly tlierent growth rate and display the expected sign. A
better quality of institutions is associated witthosger growth only in the developing countries

subsample. In accordance with Barro (1991), govemspending is inversely related to growth in

most of the specifications (excepted for developaahtries), but this effect is statistically sigcaint

in none of the models. Similarly, the impacts aidg openness and terms of trade display little

robustness across estimates and appear to béicatyisveak’

4.2. Undervaluation and growth: the TFP growth channel

The growth-enhancing effect of undervaluation hguween assessed, this section takes the next step
of the analysis by conducting an empirical invedimn on the TFP growth channel. Most
interestingly, taking advantage on the findingghef precedent section, it provides an assessment of

the relative magnitude of the TFP growth channetgared to the capital accumulation channel.
4.2.1. Measuring total factor productivity

The total factor productivity index used in thigpais taken from Bosworth and Collins (2003) - and
updated to 2008. These authors developed a caredeltigned growth accounting (and growth
regression) procedure that stands as a benchmaheieconometrics of growth modeling (Bhalla,
2007). Total factor productivity is here the resichf an augmented production function & la Solow —
educational attainment is added to the standardehtoccontrol for quality changes in the workforce.

Some descriptive statistics of this variable aesented in Table A3.

12 The negative effect of trade openness on growtlsame of the regressions, especially in the deimopountries
subsample, probably owes much to the episodesadé tliberalization, whose negative impacts in sgveountries in the
sample have been documented by Wacziarg and Web8). Besides, the statistically weak effect oftifngons in
developed countries probably stems from the lowatslity of the polity2 index — which has been used as the proxy of
institutions — across countries in this subgroup.
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This total factor productivity index is used desgihe criticism it has been the object of. The more
recurrent of these criticisms emphasizes the nebultharacter of the contents of such Solow
residuals. In fact, in addition to the information productivity gains, the Solow residual captuaks

the factors outside the “mechanics of productiomérsas political turmoil, changes in institutions,
droughts, external shocks, conflicts etc. Neveetb®&l numerous factors can reduce here the incidence
of this drawback. First, the fact of consideringear time periods can mitigate the effect of shemn
external shocks. Second, even if the estimated t#fvEFP can be impacted by external factors, we
expect the variations in the TFP level to be prilyairiven by changes in productivity. Third, ineth

very long run as here, external shocks could be@rp to cancel each other out.
4.2.2. Empirical evidence

Our test strategy consists of two steps. We finsestigate the link between real exchange rate
undervaluation and TFP growth. Then, following Rkd2008), we check whether the component of

TFP growth that iglirectly induced by undervaluation is positively associat@t growth.
From undervaluation to TFP growth

The econometrical model to assess the effect odmathiation on TFP growth is specified as follows:

TFPy = a+ 1TFP;;_1 + f,UNDERVAL;; + B3sOVERVAL; + BaZiyy + fr + &i¢ (7)

where TFP;; is the total factor productivity growth raté/NDERVAL;; and OVERVAL; are
respectively our undervaluation and overvaluatiodekes, Z;; is a set of usual productivity
determinantsf; is a time fixed effect ang;; is the error term. As in the previous section,falow
previous empirical studies by including the ensustgndard productivity determinants: (i) human
capital (Nelson and Phelps, 1966), (ii) trade opssnEdwards, 1998), (iii) financial development
(proxied by the stock of claims on the private gedly deposit money banks and other financial
institutions, expressed as a percentage of GDPABes et al., 2009), (iv) quality of institutions
(Acemoglu et al., 2005) and (v) investment to G¥chauer, 1989). Excepted for the financial
development index, which is drawn from Beck et(2D00), all these variables are taken from the

same sources as previously. Paramgtebears our primary interest.

In order to ward off any endogeneity problem andrgatee the identification of a causal relationship
from undervaluation to TFP growth, our main conidos are based on estimates using the “system
GMM” estimator proposed by Blundell and Bond (199&)dditional estimates using various

estimators are however reported for robustnessogas)

Table 2 displays the results of the estimationsepiorts estimates using standard fixed and random
effects panel estimators (columns 2.1 and 2.2,edsgly), in addition to the “difference” and
“system GMM” estimators (columns 2.3 and 2.4, retigely). Real exchange rate undervaluation

appears to be positively and significantly assedatith TFP growth in all estimates. A 10% increase
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in the magnitude of real exchange rate undervandéads on average to a 0.056 percentage points

improvement in TFP growth — according to the sys@&wiM estimator. Such a magnitude implies that

a 35% undervaluation of the currency, i.e. our mestimate for China over the post 2000 period,

fosters productivity growth on average by 2%. Tikis quite sizable effect, as it represents half to

two-thirds of the annual productivity growth in arfaful of countries in the sample. Most importantly

this finding turns out to be particularly robust:survives to the exclusion of high misalignment

observations (undervaluation and overvaluationsrateer 50%), as in column 2.5, suggesting that the

underlying mechanism behind this empirical regtyaosperates even in the case of relatively moderate

misalignmentsNote that overvaluation, on the other hand, is isb@stly associated with a shrink in

productivity growth.

Table 2: Real exchange rate undervaluation andgré®th

Dependent variable: TFP growth

Full Full Full Full Full Developing Developed Full Full
sample sample sample sample sample countries countries sample sample
FE RE GMM
2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9
TFP growth(-1) -0.153* 0.163* 0.214**  0.168** 0.252* 0.201* 0.226** 0.196*** 0.137*
(-1.892) (1.878) (1.997) (2.111) (1.901) (1.823) (2.390) (4.524) (1.843)
UNDERVAL 2.063** 0.268** 4.927** 5.364*** 5,623%%* 5.587%** 2.132%  3.472**%  3.632%*
(2.385) (1.998) (1.990)  (3.193)  (4.934) (3.475) (1.835)  (2.311)  (2.362)
OVERVAL -1.593** -0.169* -2.754* -3.820* -3.301** -4.235**  -3.298** -3.721%* -3.964**
(-2.165) (-1.720) (-1.706)  (-1.815) (-2.198) (-2.264) (-1.982) (-1.995) (-1.972)
Institutions quality 0.0534* 0.104** 0.106* 0.0870** 0.101 0.0932* 0.0799* 0.126* 0.123*
(1.698) (2.007) (1.874) (2.130) (1.524) (1.697) (1.793) (1.698) (1.903)
Investment 1.045** 0.787** -2.165 -1.661  -3.002* -1.213 1.928** -1.342 -1.732
(2.165) (2.258) (-0.992) (-1.432) (-1.832) (-0.642) (2.221) (-0.542) (-1.265)
Human capital 0.0973** 0.0765* 0.102**  0.0701* 0.117** 0.131* 0.0767** 0.0953** 0.0843**
(1.929) (1.729) (2.001) (1.991) (2.154) (1.892) (2.681) (1.985) (2.452)
Trade openess 0.243 0.372 1.976*%**  1.741** 1.697  -2.511%**  5234%*x* 1.852%* 2.586*
(1.585) (0.243) (2.753)  (2.066)  (1.524) (-3.314) (3.423)  (1.765)  (1.985)
Financial depth -0.765%* 0.294* 1.459* 0.617 1.342%* 1.302 1.321** 1.543 1.274
(-2.043) (1.891) (1.701)  (0.625)  (1.731) (1.467) (2.315)  (1.591)  (1.609)
Pegged Regimes*UNDERVAL 0.996
(0.567)
Intermediate Regimes *UNDERVAL 0.231
(1.128)
Pegged Regimes 0.0061
(1.004)
Intermediate Regimes 0.0076
(0.875)
UNDERVALZ -3.492%*
(-2.367)
OVERVAL® -3.732%*
(-2.275)
No of Obsv 451 451 372 380 371 193 187 377 380
AR(1) p-value 0.000 0.000 0.001 0.045 0.000 0.000 0.000
AR(2) p-value 0.675 0.687 0.745 0.175 0.654 0.753 0.654
Sargan p-value 0.853 0.784 0.163 0.243 0.523 0.765 0.543
Hansen p-value 0.687 0.278 0.287 0.634 0.792 0.457 0.265
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Time fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes

No of countries 71 71 71 71 71 38 33 71 71
No of Instruments 26 29 29 28 28 32 30

Note: *significant at 10% **significant at 5% ***ghificant at 1%. Robust t-statistics in parenthe®és.recode overvaluation figures to
be positive for simplicity of the interpretation.

In what follows, we submit these baseline resulta series of robustness tests. We start by brgakin
down the sample into subsamples of developing &veldped countries respectively in columns 2.6
and 2.7. The results globally echo the findingthefprecedent section: undervaluation of the cagren
seems to boost productivity in both advanced assl dieveloped countries, but this effect turns out t
be stronger in developing countries. In column 28, further address the heterogeneity issue by
exploring the possibility of a differentiated effeaf currency undervaluation across exchange rate

regimes. Here also we find little evidence of sheterogeneity in the impact of undervaluation.

Next we examine the possibility of threshold effe¢h the link between real exchange rate
undervaluation and TFP growth. Such an assumpédems particularly plausible given the possibility
of diminishing marginal social returns of investrhen the tradable sector. Indeed, an implicit
assumption in the formulation of our hypothesidest is the existence of at least constant marginal
social returns of investment in the tradable sedtor the shift of domestic production (from thenno
tradable sector to the tradable sector), associatitdl undervaluation, to occur along with a
continuous increase in the economy-wide produgtivite productivity gain from one additional unit
of production in the tradables sector needs toydvexceed the productivity loss due to the last @i
production withdrawn from the non-tradable sechothe case of diminishing marginal social returns
of investment in the tradable goods sector, than@oy-wide level of productivity could decrease,
beyond a certain level of production transfer. Agsult, the estimate presented in the last colamn
Table 2 allows for non linearity in the link betweRER misalignment and TFP growth, by adding the
square o/NDERVAL;; (as well aOVERVAL;;) in our TFP growth regression. Results indicatd th
undervaluation of the currency boosts the overaldpctivity level in the economy, but beyond a

certain magnitude of misalignment this effect igersed"®
From TFP increase to growth

This section provides an answer for the secondrrogation raised by this paper: does the
undervaluation-induced TFP growth significantly tessgrowth? Our approach consists in testing
whether the component of TFP growdirectly inducedby undervaluation is positively associated

with growth. Concretely, we estimate the followieguations:

TFP, = a + B,TFP;s_, + ByUNDERVAL;, + BsUNDERVAL;.> + f; + &  (8)

gTOWthit = 9 + ngrowthit_l + ezTFPlt + 93Xit + ft + Hit (9)

13 A simple back-of-the-envelope calculation of tlypet -3.632/-2*3.492 suggests an undervaluationsttulel of 54%.
Another promising way to estimate the latter isely on panel smooth transition regressions (seedigéet al., 2012)
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whereTFP,, is the predicted value @tFP;, from equation (8). It captures the total factavgarctivity
growth that is fully imputable to RER undervaluatiorThen, equation (9) tests whether the TFP
growth that isdirectly causedoy undervaluation significantly impacts growth.eTtesults of these
estimates are reported in Table 3: column 3.1 fpration (8) and column 3.2 for equation {9).
Results of this latter estimate suggest that theervaluation-induced TFP growth is positively and
significantly associated with a growth surge. A fifther increase in the TFP growth caused by RER
undervaluation is associated with, roughly, a palicentage point increase in growth. This shows tha
at least part of the effect of undervaluation titsngrough an improvement in the economy-wide

productivity level.
4.3. TFP growth versus capital accumulation

As emphasized before, the literature on the trasson channels of the effect of undervaluation on
growth points towards two dominant channels: th® Growth channel, which has been examined
above, and the capital accumulation channel (Leayati and Sturzenegger, 2007; Bhalla, 2007 and
Rodrik, 2008). This section provides an estimabbihe relative magnitudes of these two competing
transmission channels. Our strategy consists irpeoimg the direct (total) effect of undervaluatmm

growth to the indirect effect that passes throdghTtFP growth channel (Figure 1).

We have shown in column 3.2 of Table 3 that a 1%remse in the TFP growth caused by
undervaluation leads on average to a 0.46% growtlyes Knowing that a 1% increase in
undervaluation causes on average a 0.036% incieddeP growth (column 2.9 of Table 2), we can
say that on average a 1% increase in undervaluiiproves growth by 0.017% (0.46*0.036) via the
TFP growth channel. This is the indirect effectuafiervaluation on growth that transits through the

TFP growth channel.

) Bit effect: column 1.4 of Table 1
Undervaluation Growth

»
»

Effect of underva
Column 2.9 of

jon on TFP growth Effettie “underv. tion-induced TFP growth”
on the te column 3.2 of Table 3

TFP growth

Figure 1: Strategy of test

4 Note that a rigorous implementation of our tesitsgy would require the computation of bootstrapgndard errors to
correct for potential inference bias related toitteusion of a predicted variable among right-haide variables. However,
the sample size is not sufficient for this procediarbe applied (data were divided into 8 periddése years averages).
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Our estimate of the direct effect of undervaluationgrowth, in column 1.4 of Table 1, suggests a
magnitude of 0.028% enhancement in growth for eél¢hfurther increase in undervaluation. This
means that the TFP growth channel accounts fornardi0% (0.017/0.028) of the total effect of

undervaluation on growth, exceeding in magnitug@ecidpital accumulation channel.

Of course, this calculation should not be takera gsecise estimation of the magnitude of the TFP
growth channel. These numbers are only indicatil@wvever, what can be safely said is that the
amplitude of the TFP growth channel is not margiAalarge part of the effect of real exchange rate

undervaluation on growth passes through an incrieabe overall productivity level.

Table 3: Identification of the transmission channel

TFP growth Growth
GMM
3.1 3.2
TFP growth(-1) 0.163**
(1.993)
Growth(-1) 0.172*
(1.786)
TFP 4.589%**
(3.875)
UNDERVAL 4.462%**
(5.454)
UNDERVAL® -4.551%*x
(-4.654)
Human capital 0.0522**
(1.987)
Trade openess -0.799
(-1.002)
Investment 0.865*
(1.695)
Institutions quality 0.129
(1.376)
Terms of trade 0.865*
(1.703)
Public expenditures -1.476
(-0.854)
Inflation -2.120***
(-3.654)
No of Obsv 439 362
AR(1) p-value 0.000 0.000
AR(2) p-value 0.865 0.765
Sargan p-value 0.343 0.976
Hansen p-value 0.412 0.354
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Time fixed effects Yes Yes
No of Group 73 69

No of Instruments 10 23
Note: *significant at 10% **significant at 5% ***gnificant at 1%. Robust t-statistics in parentheses.

5. Robustness check: an alter native measur e of real exchange rate undervaluation

As stated before, the PPP-based undervaluatiorx inded in the previous section is not the only
available measurement standard. We have primamygmted the results based on this undervaluation
measure because of data availability issues icahgoutation of the (main) alternative measure e th
literature: the BEER-based undervaluation inteix this section, we explore the robustness of our
conclusions to the use of this undervaluation measData are available here for a panel of 61
countries over 1980 — 2006 (versus 72 countries 8980 — 2008 previously). Table Al displays an

exhaustive list of countries considered in thigisac

Conceptually, exchange rate misalignment is deflme@ as the deviation of the market real effective
exchange rate (REER) from its equilibrium leveleThtter is defined as the REER that is consistent
with the level of economic fundamentals. Two hygsts are critical to this procedure: the choice of
fundamentals and the choice of the estimator usedrpute the equilibrium REER. Results can vary

substantially depending on these assumptions (ga@r& and Calderon, 2005 for example).

We use in this paper the most common economic fuedéals in both the empirical and the
theoretical literatures (Edwards, 1988, Aguirre @adideron, 2005; inter alia): therms of traddtot),
net foreign asset® GDP (nfa)irade opennes@rade),public expendituregg) and aproductivity gap
variable (prod) aiming at capturing Balassa-Sanmrelsffects. The following long run REER

equation is then estimated:
reery = a + Bytoty + fonfay + Patradey + Pagic + Bsprod + & (10)

reer;. IS here the CPI-based real effective exchange fdte weights used for its calculation are
computed as the share of each partner in averdgesvaf imports and exports of goods and services
over the 2000-2007 period. An increase in thisalde implies a real appreciation. For the Balassa-
Samuelson variableptod;;), our first-best measure would have been the ratigroductivities
between the tradable and non-tradable sectors lesERIC code sector classifications. However, due
to the lack of pertinent data, this variable isxeed by the ratio of the domestic country’s GDP
relative to the weighted GDP of trade partnersygithe same weighting matrix as faer;; (Aguirre

and Calderon, 2005). The remaining variables dentérom the WDI and WEO databases. All series

are in logarithm except forfa.

15 Data availability concerns were primarily relatedhe Balassa-Samuelson variable as well as tefnade data.
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The real effective exchange rate is expected toegpde with (i) positive developments in terms of
trade, leading to an improvement in the trade lzaai) an increase in trade restrictions, resglin
higher domestic prices (iii), a faster tradableson tradables relative productivity growth at home
than abroad, in line with the Balassa-Samuelsoecgf{iv) an increase in the country’s net foreign
assets position, due to the implied “transfer &ffgg) an expansion of the government’s size bseau
of the well known “home bias” in public expenditarén other words all parameters in equation (10)

are expected to be positive, excepted for thatame

To estimate the long term REER equation, we relypamel cointegration techniques. As a first step,
we assess the validity of this equation as a lamgrelationship by checking both the non-statidgari
of series and the existence of a cointegrationtiogiship between the REER and fundamentals.
Results, reported in Table A2, confirm these resuints allowing the estimation of equation (£0).
Three main estimators are generally considered wes8mating panel cointegrating relationships: the
Fully Modified OLS estimator (FM-OLS, Phillips artdansen, 1990; Pedroni, 2000), the Dynamic
OLS estimator (DOLS, Kao and Chiang, 2000) and®beled Mean Group estimator (PMG, Pesaran
et al., 1999). The PMG estimator seems more seitabthe present case since, unlike the two other
estimators, it allows for short run heterogeneify parameters across countries. This feature is
particularly interesting given the heterogeneitypof sample. However, long term homogeneity across
groups is still assumed with the PMG approach. Bssumption has been ascertained by means of a
Hausman test. The following long run RER relatiopsis obtained when the PMG estimator is

applied to equation (10) — t-statistics are presgbiri parentheses:

reery = 3.03 4+ 0.27 tot; + 0.12 nfa;; — 0.04 trade;; + 0.00004 g;; + 0.06 prod;; (11)

(14.64) (7.39) (8.02) (-3.39) (7.44) (2.33)

The BEER-based misalignmeM{{SBEER;;) is then measured as the deviation of the REER ft®
equilibrium level, where the latter is the fittedlwe from equation (11) using (Hodrick-Prescott) HP

filtered long term values of fundamentals. That is:
MISBEER;; = log (EREER;;) —log (REER;;) (12) and log (EREER;) = Xyp (13)

where EREER;; is the equilibrium real effective exchange ra&R€ER;; is the current real effective
exchange ratef is the estimated matrix of parameters in equatidn andX, is the (HP) filtered
long term value of fundamentals. Thus defined, ®itwe value of MISBEER;, reveals an

undervaluation and a negative value of this vagiailsl associated with an overvaluation of the

16 More specifically, we rely on Maddala and Wu (199®esaran (CIPS, 2007) and Carrion-i Silvestré. ¢L&I()), 2005)'s
unit root tests, which all allow for individual leebgeneity in the value of the autoregressive patamCIPS and LM also
account for cross-sectional dependence and endogerséructural breaks in the series respectivaly.cintegration tests,
we perform Kao (1999), Pedroni (2004) as well asstttund and Persyn (2008)’s tests. In additiorakdwing for
heterogeneous variances across countries likevihether tests, Westerlund and Persyn (2008)'salestaccount for cross-
sectional dependence and endogeneous structuakishirethe series.
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currency. As previously, we next break down th&etanisalignment index into its undervaluation and

overvaluation components:
UNDERVAL2; = MISBEER;; .D; (14) and OVERVAL2; = MISBEER;;.(1 —D;) (15)

where D, is a dummy that takes the value of 1 when the egahange rate is undervalued and 0
otherwise. The distribution of these variables amohe summary statistics are reported respectively i
Figure A2 and Table A3. The correlation betweenBE&R-based undervaluation and the enhanced-
PPP-based undervaluation index used previouslyds @.3, which is sufficiently low to be used as a

relevant robustness check.

Table 4 replicates our main estimates in the previgections using the BEER undervaluation index.
As we can see, results are qualitatively similaslugin 4.1 reproduces the estimation of the direct
effect of undervaluation on growth. A 1% increaseimdervaluation boosts growth approximately by
0.032% according to the BEER-based undervaluatieastre (versus 0.028%, previously). In column
4.2, we replicate our estimation of the indiredeef of undervaluation on TFP growth. The three
following columns address the sample heterogenesiye by testing the robustness of our findings
according to countries’ level of development andnexge rate regime (respectively columns 4.3 - 4.4
and 4.5). Here also our conclusions are left ungédnin column 4.6, we explore the possibility of

threshold effects in the undervaluation-TFP retatiop. As before evidence of non linearity is found
suggesting decreasing marginal social returnsvastment in the tradable sector. Finally, colunmh 4.

provides evidence that the undervaluation-induc&d Tgrowth fosters growth significantly. On

average, a 1% increase in the TFP growth causeddbgrvaluation boosts growtly 0.5%.

Repeating the simple exercise performed in theipusvsection, we find here that the TFP growth
channel accounts for about 71% (0.046*0.50/0.0832hedirect effect of undervaluation on growth, a
larger magnitude than the one previously found. iAgidhis latter result to the estimation of the
precedent section, we can conclude that the efitaindervaluation on growth passes primarily

through an increase in the overall productivityelev
Conclusion

This paper aims at contributing to the current amdnse debate among economists on whether
undervaluation of the currency is growth-enhanclhgarries out the first empirical investigation o
the TFP growth channel, which constitutes, alonthwhe capital accumulation channel, one of the
main possible transmission channels of the effeahdervaluation on growth. The takeaway message
of our assessment is twofold: (i) there is evidemfea productivity channel through which
undervaluation enhances growth, (ii) this chanmeanss to convey the most important part of the

growth-enhancing effect of undervaluation. Suchoactusion has proven to be robust to explicitly
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separating the effect of undervaluation from thétowervaluation, considering subsamples of

developing and developed countries and using amaltive measure of exchange rate undervaluation.

In light of these conclusions, two observations iarerder. First, the latter results should be iput

perspective with the debate on the fundamentairdyiforces of growth. Traditionally, total factor

productivity gains have been considered as the mabtgrowth. This vision has been challenged

Table 4: Robustness tests: an alternative meaursdervaluation

Growth TFP growth TFP growth TFP growth TFP growth TFP growth  Growth
Full sample  Full sample Develop_ing Develo;? ed Full sample Full sample
countries countries
4.1 4.2 4.3 4.4 4.5 4.6 4.7
Growth (-1) 0.173** 0.183**
(2.176) (1.993)
TFP growth (-1) 0.126* 0.271* 0.745%* 0.198%*** 0.251%**
(1.861) (1.790) (2.221) (4.527) (3.306)
TEP 0.501%**
(3.951)
UNDERVAL2 3.217%** 4.729%** 5.403%** 3.116*** 4.564** 4.752%**
(1.983) (2.691) (3.564) (5.725) (2.187) (4.621)
OVERVAL2 -4.216* -4.216* -4, 743%** -2.141** -4.632** -3.458**
(1.861) (-1.863) (-3.231) (-1.997) (-2.239) (-2.413)
UNDERVAL2? -4, 542%**
(-3.853)
OVERVAL2’ -3.001**
(-2.326)
Financial depth 1.003 0.102* 0.832%** 0.952** 0.647%*
(0.763) (1.817) (1.992) (2.357) (1.791)
Human capital 0.161%* 0.264* 0.243%** 0.152%** 0.145** 0.161%** 0.134**
(1.768) (1.813) (2.932) (3.653) (1.981) (2.265) (2.329)
Trade openess 1.139 1.314 2.324%** 1.595 2.004* 1.785* 0.713
(1.056) (0.016) (2.183) (0.728) (1.876) (1.767) (1.123)
Investment -1.257** -1.067* 0.207 0.878 1.101 1.210* 1.064
(-2.175) (-1.721) (0.315) (1.376) (1.257) (1.699) (1.573)
Institutions quality 0.651 0.194%** 0.163** 0.152 0.206** 0.207*** 0.284*
(1.307) (2.437) (2.003) 0.654 (2.178) (3.558) (1.708)
Terms of trade 1.178 1.123*
(0.581) (1.716)
Public expenditures -1.587 -1.729*
(-0.976) (-1.698)
Inflation -2.076*** -2.115%*
(-3.651) (-2.075)
Pegged regimes*UNDERVAL2 0.382
(0.108)
Intermediate Regimes *UNDERVAL2 0.211
(0.319)
Pegged Regimes 0.0074
(0.305)
Intermediate Regimes 0.0050
(0.823)
No of Obsv 310 275 127 148 270 275 302
AR(1) p-value 0.000 0.002 0.000 0.032 0.000 0.005 0.000
AR(2) p-value 0.687 0.287 0.753 0.115 0.642 0.614 0.824
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Sargan p-value 0.761 0.675 0.782 0.562 0.865 0.421 0.752

Hansen p-value 0.287 0.548 0.425 0.642 0.624 0.162 0.547
Time fixed effects Yes Yes Yes Yes Yes Yes Yes
No. of Countries 56 57 26 31 57 57 56
No. of Instruments 24 23 24 24 30 26 24

Note: *significant at 10% **significant at 5% ***gnificant at 1%. Robust t-statistics in parenthesé®& recode
overvaluation figures to be positive for simplicdf/the interpretation.

afterwards by the New Growth Theory and the thewrgapital and investment that place a greater
weight on the increase in human and fixed capitelgylting in a debate that has occupied the “drowt
accounting” literature over decades. Even thougivel@ from a narrower question, our conclusions

give some support to the total factor productigtgwth view.

Second, though important, these findings left thecial question of policy recommendations on the
sidelines. A straightforward implication for polieyould be the pursuing of an active undervaluation
strategy to enhance productivity and growth. Howesech a recommendation would implicitly take
for granted the economic and political feasibildf a persistent undervaluation strategy. Nothing
could be less sure. A rigorous analysis of thisstaoe would have to provide answers for the
following interrogations. Is the real exchange ratpolicy variable? To what extent can a country
sustainably pursue an active undervaluation sty&t¥ghat are the potential costs of such a policy fo
the country concerned? What are the costs for theracountries? Do these costs outweigh the

benefits? This seems to be the obvious directiofufther research.
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Table Al: List of countries

APPENDIXES

Argentind®
Australig®
Bangladest
Bolivia®
Brazil®
Canad®’
Chile®
Chind®
Colombid®
Costa Ric¥
Cote d'lvoiré
Cyprug®
Denmark®
Dominican Republi®
Ecuadof

Egypt, Arab Rep®

El Salvadot®
Ethiopid
Finland®
Francé®
German§’
Ghané
Greec®
Guatemal®
Guyan&
Hondura®
Iceland
India®
Indonesid

Iran, Islamic Ref.

Ireland”®
Israef

Italy®®
Jamaic®
Japaf’
Jordafd’
Keny&®
Korea, Ref.
Madagascdr
Malawi®
Malaysi&®
Mali®®
Mauritiug®
Mexicd™
Moroccd®

Mozambiqué®
Netherland®
New Zealan®
Norway™
Pakistaf’
Panam¥
Paragua¥’
Perd®
Philippine&®
Portugat®
Senegdl
Sierra Leon®
South Afric&”
Spaii®

Sri Lank&”

Swedeff
Switzerland®
Tanzani&
Thailand®
Trinidad and Tobadh
Tunisig®
Turkey®
Ugand&®

United Kingdorf®
United State®
Uruguay”
Venezuela, R
Zambig"

& countries considered in the main body (enhanceduPEBrvaluation measure)
P countries considered in the robustness test (BE&Rébundervaluation measure)

Table A2: Unit root tests and cointegration tests

Unit root tests

Carrion-i Silvestre et al.

Variable Maddala and Wu (1999) MW Pesaran (2007) CIPS (2005) LM(A)
log(reer) 0.638 0.247 0.002
log(trade) 0.966 1.000 0.000
log(g) 0.164 0.730 0.000
log(tot) 0.315 0.914 0.001
log(prod) 0.415 0.635 0.015
nfa 0.653 0.998 0.000

Panel cointegration tests
Kao test 0.00
Pedroni (2004)’s Panel Rho 0.00
Pedroni (2004)’s Panel ADF 0.01
Pedroni (2004)’s Group Rho 0.00
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Pedroni (2004)’s Group ADF 0.00

Westerlund & Persyn (2008)'s Gt 0.00
Westerlund & Persyn (2008)'s Ga 0.00
Westerlund & Persyn (2008)'s Pt 0.00
Westerlund & Persyn (2008)'s Pa 0.00

Note: Numbers reported here are p-values. All dipations include a maximum of two lags. Unlike tbther tests, for
Carrion-i-Silvestre et al. (2005)'s unit root tebg null is the absence of unit root. For panehiagration tests the null is the
absence of cointegration.

Table A3: Summary statistics

Variable Obs Mean Std. Dev. Min Max

Main body: augmented PPP undervaluation index

sec. school enrol. 560 61.78009 32.92526 2.769574 145.3379
Growth 579 2.159531 2.643293 -7.975 13.675
polity2 579 3.479822 6.879899 -10 10
P 592 70.95603 32.06572 26.76 320.936
log(openess) 592 3.999158 6012694 2.335246 6.082339
log(tot) 591 4.639807 .2354058 3.569251 5.762963
log(g) 592 2.125363 4404285 -.1815219 3.124477
log(inv) 591 3.101622 .3831444 1.537297 4.31273
log(fin. depth) 545 -1.043053 .9020635 -4.248216 .8482534
Inflation 547 .1018516 1116688 -.0171034 .9602282
UNDERVAL 295 1026521 0.276251 0 .939467
OVERVAL 291 -.1287352 0.426817 -1.085752 0
log(rgdpch) 592 8.603942 1.280296 5.923876 10.82229
Tfp 592 411029 2.179843 -8.005685 12.02041

Robustness test : BEER based undervaluation index

polity2 1610 5.322981 6.13217 -10 10
sec. school enrol. 1311 71.47079 32.63562 3.04276 161.7809
log(rgdpch) 1608 8.106532 1.521936 4.941475 10.62646
Growth 1606 1.749751 3.78008 -18.6 22.6
Nfa 1620 -.4564564 .6288307 -5.815386 1.303079
Tfp 1620 .3353882 3.716233 -19.9741 25.0532
log(reer) 1591 4.642401 .2589331 3.529297 6.109248
log(openess) 1620 3.935506 .6044679 2.206074 5.364807
log(tot) 1620 4.618721 .1664015 3.747856 5.493103
log(g) 1620 2.111989 442009 .9555115 3.248435
log(inv) 1618 3.0174 3681421 1.275363 4.279717
log(fin. depth) 1502 -.957483 .9339712 -4.506366 .696197
log(prod) 1496 4.617687 1736356 3.958814 5.254362
Inflation 1494 .1098625 1473379 -.106544 .9915609
UNDERVAL2 745 .1043627 2641617 0 1.2831
OVERVAL2 749 -.0922762 2461811 -1.224452 0
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Figure Al: Distribution of the enhanced PPP migatignt index
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Figure A2: Distribution of the BEER-based misaliggmhindex
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Source: author’s calculations
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