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General Introduction

Since the original work ofSolow (1957) total factor productivity (TFP) occupies a
central role in the debates on the sources of enangrowth. The earlier studies on growth
accounting, which is the technique of breaking deaal output growth to its sources, show that

total factor productivity growth (TFPG) accounts foore than of the overall GDP growth of

developed countries. This contribution of TFPG v&re higher than 50% in some Western
European countrie@Christensen et al. (1980)But later studies on OECD countries based on
more recent periods illustrate that the magnitud&@FPG has diminished. This is identified as
the productivity slowdown phenomenon. Despite tai, the share of TFPG in the growth rate
of developed countries remains still very highcémtrast to advanced countries, the majority of
studies on the sources of growth for developinghtaes demonstrate that the share of TFPG in
the overall growth of output is not very high asiicbbe thought. These works tend to show that
traditional inputs accumulation (capital, labor dngnan capital) contributes in a non-negligible
way to real GDP growth in developing countries. aample,Krugman (1994)and Young
(1995)reveal that capital accumulation was the mainingiengine of the growth of East Asian
countries. Despite this important observation nagléhese pioneering researches, it is crucial to
highlight that the debate on the relative impor&an€ the contribution of TFPG and traditional
factors accumulation in output growth remains sfgen. The reality is that authors find different
results according to the methods of calculationthedsariables used in their study. For instance,
Bosworth and Collins (2003)arrying out a very comprehensive work, discotreat at the
global level, the role of capital stock accumulatamd TFPG are comparable although there are
considerable differences in their importance thlrotigne and regionsMankiw et al. (1992)

demonstrate that human and physical capital acatonl account for more than of the

variations in GDP per capita in the world. ContyarEasterly and Levine (2001andKlenow
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General Introduction

and Rodriguez-Clare (1997Jefend that TFPG contributes more to real GDP trothan
traditional inputs accumulation. Notwithstandinggh empirical contradictions, the importance
of TFPG for the long-run economic growth cannot deerlooked. In fact, if we refer to
neoclassical theories of economic growReainsey (1928), Solow (195&8hd their numerous
variants), we know that long-term steady-state ¢inosan only be achieved by a constant growth
of the exogenous technological progress. Theserid®ea@lso stress the role of capital
accumulation in the augmentation of growth for exures in the transitional dynamic stage. But
this phenomenon is temporargnd, soon or later, the economy will reach itadyestate and
when at this point, only exogenous growth of tedbgp can keep the economy growing
forward. Hence, the necessity of increasing TFPGaflocountries, developed or developing, in
order to sustain their long-term growth and amat®rthe living standards of their respective
citizens. Endogenous growth theories for their papiain that the growth rate of the economy is
determined by technological innovation, market cetitipn, broad capital formation (combined
physical and human capital), innovative creativstietion incentives, technology diffusion,
product variety, etc. Thus endogenous growth tesoaiso stress the central role of TFPG for

the long-run growth.

Similarly to total factor productivity, the real éxange rateplays a non-negligible role
in the economy. For example, the RER is the kelalk in decisions involving the balance of
payments (current and capital accounts). It isnaportant determinant, through undervaluation
and low volatility, of economic growth as depictdy recent studiegRodrik (2008))

Mismanagement of the RER has also bad consequeinceshe economy: high RER

2 Although this could take a long time.

3 We will use the following abbreviations: ER foretlexchange rate, RER for the real exchange rateR&t#R for the real
effective exchange rate. The REER variable useth isxternal measure of RER. Please, see furthewlfel the definition of
external RER.
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appreciations, excessive overvaluations, large RBRtility can affect investment decisions,
undermine households and firms’ choices, causenbetaf-payments disequilibrium, currency
and debt crises, altogether having damaging effectgroductivity, growth and macroeconomic
performance in general. The RER occupies a ceptsition in trade and exchange policies
between countries and regions around the world. fEoent debate about the undervaluation

and/or overvaluation of the Chinese Renminbi is @amgoing example.

Having briefly reviewed the central roles that tdéector productivity (TFP) and the REER
play in the economy, we begin this general intrdidicby given the main contributions of the
thesis. We think it is important to inform the readexplicitly what this dissertation brings
compared to the existing literature instead ofingtthim alone guess what these contributions

are.

1. Main Contributions of the Thesis

Despite the importance of total factor productivite REER orits associated
measurements (REER volatility and REER misaligninést the short and long-run economy,
few have studied the potential link between realchexge rate andits associated
measurements with total factor productivity. Alseraall number have examined the channels
through which these variables affect productivithis thesis attempts to fill these gaps by
providing both theoretichland empirical analyzes on these important isSheslate, the works
that have explored the potential nexus between RBERS associated measurements and

productivity are, by date of publicatio@uillaumont Jeanneney and Hua (2008yhion et al.

4 This occupies a small part of the thesis. Plessechapter 3 and below for further details.
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(2006) Benhima (201Q)andMcLeod and Mileva (2011)Although these previous researches

have provided many insights, this thesis attenmgptontribute to this literature in various ways:

1. This thesis is the first to introduce a measurenoérotal factor productivity exploiting
the stochastic nature of the econdmll previous works assume that the economy
evolves in a deterministic environment by computeither TFPG based on growth
accounting, Malmquist DEA Indexes or partial praiity (output per worker). In
chapters 1 and 2, we instead use techniques fremwill-established literature of
stochastic frontier analysis, to compute measurésnehtotal factor productivity. Like
many phenomena, we believe that economic decismrgerning inputs and the
production process involve some stochastic paromeythe control of producers or the
economy. Examples of these phenomena are varioocsksHike the rainfall, natural
disasters, wars, epidemics, financial crises coomsg etc. Full description of the
procedures utilized to compute TFP is given, ipecsic section, in chapters 1 and 2.

2. Numerous studies involving the REER extract thisalde in some databases like the
World Development Indicators (WDI) or the Intermaial Financial Statistics (IFS).
There is nothing wrong in doing this, but the RERRvided by these databases have
missing values for many countries and for severatiods. This phenomenon is
exacerbated particularly for developing countriebiclv represent the majority of
countries on which this thesis is focused on. Toidthis problem, we undertake a
different approach consisting of computing the REktRselves from primary data. The
primary data are from the World Development Indiesit International Financial

Statistics, World Economic Outlook and Internatiofaade Centre (United Nation

5 In the literature on the relationship betweenRIEER or its different calculations and Productivity
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Statistics Division). The need for the computatainthe exchange rate measurements
comes from a CERDI project in which | was invol%eth this project we computed
Nominal Effective Exchange Rates and REER usindahewing types of weights: total
imports, total exports and, both exports and ingptaking into account oil countries and
excluding oil countrie’ In total we computed 5 REER variables and 5 Nairfiffective
Exchange Rate (NEER) variables for at least 183ms in the world from 1980 to
2004. For this thesis | decided to extend, on my,aWe periods for which the exchange
rate was available. Thus | recomputed all thesgiqus variables from 1960 to 2004
The details on the calculations of the REER vaeisbihe weights employed and, how all
the primary variables entering the computation pdoce are measured, are described, in
a specific section, in each chapter.

3. The first chapter examines the relationship betwdenREER itself and TFP. There
exists only one paper that studies the directheteveen the REER and TFP. It was done
by Guillaumont Jeanneney and Hua (200)y the Chinese Provinces. This chapter
attempts to extend their study in the following mers. First, it is done on a panel of
developed and developing countries. Second, the VdfRable is computed from an
estimation of a stochastic production function.r@hit analyzes the potential existence

of a nonlinear relationship between the REER aodytivity.

& Under the supervision of Professor Patrick Platieank him for allowing me this opportunity. | alshank Martine Bouchut,
Computer Scientist at CERDI, with which I've doh&stwork. For general information, the projectlit$eok 8 to 10 months, of
intensive programming, data management and datgs@go accomplish. The client of the project was French Agency for
Development.

" We take out oil for the special nature of this gedtch is subject to episodic volatilities which, turn, cause an appreciation
of the internal RER of the exporting countries.

8 But in the chapters, the samples of study spam 875 to 2004. This is motivated by two factorisst| wanted to focus on
the post Bretton-Woods Era as many of these studiedve REER volatility. Second, for many counsgiighe data are only
available starting from 1975. The only exceptionttis rule is chapter 1 where the sample goes ft660 to 1999 and uses the
former CERDI REER variable since when | started tthapter; this was the only variable availabléhat time. This variable
goes from 1960 to 1999. It is important to notedach chapter the REER utilized may differ fromdhe used in other chapters
and also the sample of study in different chapéeesnot the same. This is, in part, based on tldadility of data in the
variables and for sake of robustness of the results
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4. To this date, there are two papers that focus erextlusive link between real exchange
rate volatility and productivity growthAghion et al. (2006)and Benhima (2010)
Comparatively to these previous works, chapter iagsra non-negligible number of
elements ranging from the measurements of theblagathe methods of estimation and
the samples used. Firstly, as mentioned abovee lausieasurement of TFPG based on
panel data stochastic frontier analysighereas the previous studies employ output per
worker as a calculation of productivity. Thus a swament of partial productivity
instead of TFP. Secondly, | introduce two measuremef REER volatility that have not
been used before. All the previous researchezeitiie standard deviation of REER as a
measurement of volatility. The first measuremenREER volatility | use is obtained by
regressing the REER on is past value and a teniferityis variable appears to capture
more accurately the volatility of the REER sincesitomputed relative to a tendency and
an autoregressive process whereas the standaraidevis obtained comparatively to a
fixed mean (i.e. a flat value) in the correspondinge window. This way of computing
the REER volatility is based o@ombes et al. (1999)The second REER instability
variable is calculated as tHéano Factor named after the physiciéigo Fano who
invented it((Fano (1947)) Briefly, it represents the ratio of the variatoghe mean of a
random phenomenon in some time window. Like theffimdent of variation, it is a
measure of the dispersion of a distribution. Bativantage is that it has the same unit of
measurement as the original variable from whidk derived. Despite its simplicity, it is

the first time that this variable is employed ame@asure of volatility in all the field of

9 Stochastic frontier analysis is a technique ofesting a production, cost and profit functions dgsuming the existence of
both inefficiency and stochastic disturbances &figahe frontier. See further below for more distai

19 please, see the section devoted to the calculatithis variable, in chapter 2, for further degail
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Economics. | am not aware of any other work tha tane it. Thirdly, the previous
studies employ an interaction of real exchange vatatility and financial development
to capture the possible nonlinear impacts of re@ehange rate volatility on productivity
growth. To address this problem, | utilize thiansen (1999)method of estimating
thresholds effects in non-dynamic panel data. ielelthat this method can capture more
effectively the possible existence of nonlinedfity

5. In the third chapter, | study the link between REERatility and investment. In the first
chapter, | provide some theoretical arguments encttannels through which the REER
can affect productivity. One of the identified chats is through private investment,
public investment and Foreign Direct Investment IjFBlence it was necessary to study
the connection between REER volatility and investime a detailed manner to examine
to what extent this hypothesis is corroborated ey data. Comparatively to previous
studies on this relationship, this chapter atterptsring the following contributions. In
the first part, the theoretical section, the chaptgoduces a small open economy model
where investment is subject to adjustment costd. IBassume that both prices and
interest rates are given, and the firms importtedgoods rather than intermediate goods.
I think these assumptions are more in line withrénaities of developing countries than
assuming the presence of pricing power for themg$i The chapter also explores the
theoretical interaction between REER and investnretite presence of uncertainty but |
maintain the above assumptions and add a lastwineh states that investment is based
only on expected per-period profits. Less impoftanthe model is formulated in

continuous time, contrary to the discrete time Bpation of previous studies. In the

Lt is important to mention that the calculationaf the variables used in this thesis, the cdlbectand construction of the
various databases employed in all chapters, thsteation of the graphs and the tables presenteédisrthesis are done by the
author alone.
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second part, | investigate, empirically, the lirkkween REER volatility and investment
using Panel Data Cointegration Techniques. Theiguewstudies on this relationship use
microeconomic panel data methods (Fixed Effects,M;Mtc.) on annual data with
relatively long periods. But given the presencepofential unit roots in the variables,
these estimations could be seriously affected lbyigps regressions phenomena. This is
why | believe Panel Data Cointegration Techniqueslad be more appropriate in this
situation. Also these methods have other advantagessshort-term panel methods and
on time series techniques. The chapter provideg soguments on these useful benefits.
. In chapter 4, we continue to explore the channktsugh which the REER or its
associated measurements acts on productivity. Asmeationed above, chapter 1
provides some arguments about these channels.eboad important channel proposed
is through exports or openness in general. Thathi this last chapter investigates the
effects of both REER volatility and REER misaligntheon exports. The main
contributions are, first, the use of panel datatagjration techniques. It is also important
to mention that | utilize a different estimatiorchaique than in chapter 3. Second, |
employ a measurement of REER volatility which has Imeen used in previous works
studying these specific links. Also the misalignieariable is measured by exploiting

the panel data cointegration framework.

Having exposed what this thesis has attempted tdribate relative to the existing

literature, | now turn to a brief summary of thencepts of total factor productivity and

exchange rate. It is difficult to perform a studymroductivity and the exchange rate without

informing the reader what these concepts are. lseistudy on these concepts need thus to

define them and explain how they are measured.i$hhat the following two sections do.
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2. Total Factor Productivity

Total factor productivity measures all the conttibas in total output that are not directly
instigated by traditional inputs accumulation (labo capital for example). To simplify, the TFP
of an economy, is an index of the ratio of the pitl output and the total inputs used at some
point in time. As we will see in chapter 2, totacfor productivity growth itself can be
decomposed into many components like technical ginarcale effects, technical efficiency
change and allocative inefficiency. Hence TFPG barviewed as an economy technological
progress, the efficacy by which it combines itsutspto make output, the effectiveness by which

it distributes its production factors and the ecuoies of scale it possesses.

Since Solow (1957) there exist many methodologies for computing TFBlowing the
survey ofDel Gatto et al. (2011)we can classify them into deterministic and ecoatic
approaches (Parametric and Semi-Parametric). Eathese techniques is distributed in turn
between frontier and non-frontier procedures andesof them can be implemented on both
microeconomic and macroeconomic data. Good survapsl comparisons of these
methodologies are given Ijulten (2001) Van Biesebroeck (2007pel Gatto et al. (2011and
Van Beveren (2012followingDel Gatto et al. (2011), will give a brief description of each of
these techniques without going deep into the desailce | will only use stochastic frontier and,
to some extent, growth accounting approaches wéiehthoroughly explained in the first and

second chapter.

Growth Accounting Growth accounting is a technique of calculating ESRhe residual
of real GDP growth that cannot be explained bydhmwnth rate of inputs used in the

production process. It is a deterministic methodgloand is mostly applied in
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macroeconomic data with a single or cross-sectioooantries. It can measure TFP in
growth rate or in level. Some notable works on thasnework areAbramovitz (1956)
Solow (1957and,Hall and Jones (1999)

Index Numbers:A TFP index number is the ratio of the output indexhe input index.
These latter two indices can be computed accortingspeyresPaasche Fisher and
the Tornqvistformulas. Index numbers are deterministic, nomisy techniques and can
be applied to both macroeconomic and microeconahaia. A thorough analysis of
index numbers is given iBoelli et al. (2005)

Malmquist and DEA methodsThe Malmquist Index allows the decomposition ofPTF
mainly'?, into change in technical efficiency and technaabprogress between two
adjacent periods. Its empirical implementation rexguthe use of Data Envelopment
Analysis (DEA) which relies on the computation aftednce functions (Outputs or Inputs
distance functions). Generally, distance functicei® measured by using linear
programming techniques. DEA is a deterministic fimmapproach and can be used with
both microeconomic and macroeconomic data. The Igaish productivity index was
first implemented byCaves et al. (1982)

Growth RegressionsThe growth regressions method can be describesh &stimation
of a growth equation. It comes from the empiricedvggh and convergence literature
which took impetus from the early 1990s. This applois to estimate an equation and
recover TFP from the estimated parameters and poadkcted values of this equation. It
employs various econometric estimation methods: @QU&nkiw et al. (1992))Panel

Data Fixed Effects(lslam (1995)) GMM, etc. Growth regressions techniques are

12 More TFP components can be derived,Geelli et al. (2005)
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econometric, non-frontier approaches and are gkyeramployed only on
macroeconomic data.

Proxy-variables MethodologiesAs their name suggests, these procedures estiraates
econometric equation in which firms’ unobservable@ductivity is expressed as a
monotonic function of observable proxy-variablesiastmen{(Olley and Pakes (199§))
intermediates good@_evinsohn and Petrin (2003)Fhese techniques are econometric
(semi-parametric), non-frontier methods and ardusikeely applied on microeconomic
data.

Stochastic Frontier Analysis: This method estimates a frontier (production, cmst
profit function) by assuming the existence of batkefficiency and stochastic
disturbances affecting this frontier. TFP is caltetl from the estimated parameters,
some predicted values of the variables and prioEgmation if available. Unlike the
previous econometric methodologies it takes accthfpresence of inefficiency in the
production process and contrarily to DEA methodsadeducted in a purely stochastic
context. Stochastic frontier analysis is a welhbished econometric method among
econometricians and has become, to some extentb-branch of econometrics. Like
DEA methods, it permits the decomposition of TFP® imany components with the
benefit that it exploits the stochastic nature o&nyn economic decisions. These
advantages are the reasons why | decided to emipldipjs thesis, Stochastic Frontier
Analysis compared to other techniques. As | alreauplied, Stochastic Frontier
Analysis is an econometric (parametric), frontieethod and is applied to both
microeconomic and macroeconomic data. There exatynreferences on Stochastic

Frontier Analysis but one of the most complete albis subject isKumbhakar and
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Lovell (2000)which gives an historic and encyclopedic view, gnakerivations and

decompositions of TFPG, and numerous guides aedamdes to the literature.

At this point, it is important to give a brief egplation on the inputs variables we
employed in the estimation of production functioi$ie traditional inputs used at the
macroeconomic level for estimating frontiers arggital capital, labor and human capital. In
this thesis, | utilize only capital and labor agputs. With this specification, education
attainments are part of TFP. | did not include haroapital because the data available for
this variable are either very poor or there exsstist of missing values. Furthermore many
studies point the fact that human capital doesaffect directly production but influence it
through its impact on TFPG. The details on the measent of capital and labor are given in

chapters 1 and 2.

Let’s now turn to a brief description of the RERJats associated measurements.

3. The Real Exchange Rate

The real exchange rate is, traditionally, definetivo different ways:

The internal real exchange rate is the ratio ofpiee of domestic tradable goods to the
domestic price of non-tradable goods in a particatzuntry. A good is tradable if its
price is determined in the international marketlevfti is non-tradable if its price is not
fixed internationally. Due to technical and praatiproblems associated to the concepts
of tradable and non-tradable goods, the internaR R& not, generally, measurable

empirically and is used more often in theoretigalgses. But, in the studies related to
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developing countries, the internal RER is the nmmgtable and the most generally
employed measurement. There are certain studiegrytta calculate the internal RER by
using some proxy-variables methods. An increasthénrelative price of the tradable
goods is a depreciation of the internal RER.

The external real exchange rate is the ratio offtheign aggregate price index (or cost
level) to the home aggregate price index (or aastl) converted to the same currency by
employing the nominal exchange rate. The aggrggéate index could be the Consumer
Price Index (CPI) or the GDP deflator while thetdesel could be unit labor costs. This
concept of RER is used in both theoretical and dogbistudies. According to the price
or cost index utilized, we can have three altemeatvays of computing the external RER
(Hinkle and Montiel (1999))The first one is the Expenditure-PPP based extdRER
which is calculated by using representative exgenehibased indices (which includes
goods imported and locally produced and sold). Tomsumer Price Index (CPI) is
largely employed as a representative expenditusesbandex. The CPI includes both
tradable and non-tradable goods. This method ofpatation of the external RER is
grounded on the relative Purchasing Power PariBPjRheory. This theory postulates
that the nominal exchange rate is proportionalh ratio of the domestic and foreign
price values. Due to the availability of the CRisttype of external RER is widely used,
in both developed and developing countries. Therscategory of external RER is the
Mundell-Fleming or Aggregate Production Cost measum this form of external RER,
the price index is a production price or cost indexich incorporates goods locally
produced and sold, and exports. It captures thepettiveness of all tradable and non-

tradable goods. Given this reason, the GDP defistemployed for the calculation of
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this type of external RER. The Mundell-Fleming miostates that the GDP and exports
constitute the same good and their price are higbiyelated. By this assumption, it can
be shown that this category of external RER is etu#he terms of trade (TOT). This
type of external RER is more appropriate for depetbcountries where the TOT do not
change very much contrarily to developing countnelsere the TOT are, mostly,
exogenous. The third external RER is known as xtereal RER for traded goods. As its
name suggests this category of external RER cosasriguely tradable goods. Hence it
employs output price, production or factor costigéed for the tradable goods only. It
captures the competitiveness among the tradabledsgamly. For its empirical
implementation, the following prices or cost aggteg have been suggested: value-
added deflators for manufacturing goods, unit latists for manufacturing goods, unit
values of exports, the wholesale price index (WHRis kind of external RER is,

generally, computed only for developed countries.

In most studies, interest lies in the external RBRugh the real effective exchange rate

(REER). The REER is, generally, computed as a geameeighted mean of the nominal

bilateral exchange and the ratio of CPIs in the é&@amd partner countries. The nominal bilateral

exchange rate is the ratio of the partner countre@sinal exchange rate and that of the home

country. The REER is calculated compared to a icettase period carefully chosen by the

researcher. The geometric mean is specifically uhesd to its properties like symmetry and

consistency. The arithmetic mean is severely imibeel by the base period and has to be re-

based when performing trend analysis. Contrarilg, geometric mean does not depend on the

base year chosen. Also, the geometric mean hamdhgslarge appreciation and depreciations

symmetrically, while the arithmetic mean attachegeat importance to these phenomena. The
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weights employed in the computation of the geometnean are, usually, the trade weights
between the home country and its partners. Thieestpf weights are commonly used: exports
weights, imports weights and total trade weightse €xports weights are the ratio of exports of
the home country to a particular partner and tked Bxports towards all its partners. The imports
weights of a home country are the ratio of impéndsn a particular partner and the total imports
from all its partners. Total trade weights of a @stc country are the ratio of total trade
(imports and exports) from and towards a particpltner and, the total trade from and towards
all its partners. These weighting schemes can hgowed by incorporating third-country
competition and unrecorded trade. Third-country petition is the competition that two
countries that are not direct trade partners delilkemselves in a third-country. Unrecorded
trade, as its name suggests, is trade that isffioially recorded in the statistics of a particula
country due for example to the existence of padsalearkets, large tariffs and nontariff barriers
to trade. Another important point to take into agtowhen calculating the REER, is the
presence of hyperinflation in the domestic coumtryts partners. In fact, hyperinflation could
seriously bias the computed REER and cause diveegenthe NEER and the REER. In the
computation of the REER, the most widely methodizetdl when dealing with hyperinflation is
the omission of the concerned countries. Good ssudf the REER or its associated measures

are provided irHinkle and Montiel (1999)

In this thesis, we employ the CPI completed bygtevth rate of the GDP deflator when the
CPI is missing. The weights are direct trade weigtttus we do not adjust for third-country
competition and unrecorded trade. These choices wamried out with the aim of covering a
very broad number of countries than the World Depealent Indicators (WDI), the International

Financial Statistics (IFS) or other Databases. Also weights are calculated at the end of the
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period of study in order to focus on the compegitigss of the most recent years. This weighting
scheme amounts to the creation of a Paasche indéchvallows taking into account the
appearance of new countries in the global tradthefdifferent nations in the external REER
Database. More details on the computation of th&RHKincluding formulas), the choice of
specific weights and prices are given inside tlifeidint chapters. Details on the computation of
the associated measurements of the REER (REERil¥plahd REER misalignment) are also

provided therein.

This general introduction would be incomplete if eeenot give the principal results found
in the thesis. This is why the next section giveshart outline of the results found in the

dissertation.

4. Main Results Found

In this section, we briefly review the main resutisind in this thesis. The main question is
does the REER or its associated measurementssaifé®G? The secondary question is what
are the channels through which the REER or its gasul measurements act on TFPG? In

attempting to respond to these questions, we foadollowing results:

Chapter 1 studies, in panel data, the relationsatgreen REER and TFP on a sample of
68 developed and developing countries for the peti®60-1999. The results show that
an exchange rate appreciation causes an increaBeRofThe results also illustrate that
this effect of REER on productivity is non-linedinreshold effect. Below the threshold

exchange rate reacts negatively on productivity lavidbove the threshold it acts
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positively. Robustness analysis demonstrates hiegetresults hold both in subsamples of
developed and developing countries.

Chapter 2 employs panel data instrumental variabfgession and threshold effect
estimation methods to study the link between REBRtility and TFPG on a sample of
74 countries on six non-overlapping sub-periodyspry in total from 1975 to 2004.
The results illustrate that REER volatility affectegatively TFPG. We also found that
REER volatility acts on TFP according to the lewélfinancial development. For very
low and very high levels of financial developmeREER volatility has no effect on
productivity growth but for moderately financialtleveloped countries, REER volatility
reacts negatively on productivity.

Chapter 3 examines the link between the real exgghaate volatility and domestic
investment by using the panel data cointegratichrtigjues. The theoretical part shows
that the effects of both RER and exchange ratdilrylan investment are nonlinear. The
empirical part illustrates that the exchange ratlatiity has a strong negative impact on
investment. This outcome is robust in Low-Incomd &hddle-Income countries, and by
using an alternative measurement of exchange cddgility.

Chapter 4 uses panel data cointegration technigustdy the impacts of real exchange
rate misalignment and real exchange rate volatditytotal exports for a panel of 42
developing countries from 1975 to 2004. The ressitisw that both real exchange rate
misalignment and real exchange rate volatility effeegatively exports. The results also
illustrate that real exchange rate volatility isrmdarmful to exports than misalignment.
These outcomes are corroborated by estimationsubeasples of Low-Income and

Middle-Income countries.
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The remaining of the thesis is structured as fallothie first part examines the relationship
between the REER or its associated measurementd@Rd(chapter 1 and chapter 2). The
second part explores the transmission channelh@®fREER or its associated measures to

productivity (chapter 3 and chapter 4). The last gaves the General Conclusion.
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PART I:

THE RELATIONSHIP BETWEEN THE REAL
EFFECTIVE EXCHANGE RATE, ITS
ASSOCIATED MEASUREMENTS AND
PRODUCTIVITY
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1.1 Introduction

The theoretical analysis of the relationship reathange rate-productivity suggests a
double direction link. On the one hand, real exgearate acts on productivity and on the other

hand productivity affects the real exchange rate.

In the first case, real exchange rate appreciatim act positively or negatively on

productivity.

Many arguments have been proposed to explain halerehange rate acts positively on
productivity. First, real exchange rate apprecratieduces the relative price of imported capital,
carrier of technological progress. Second, reakexpation increases the real remuneration of
work which involves an increase of the productivily this one(Leibenstein (1966), Harris
(2001)) Third, by increasing foreign competition, reapegriation can push domestic firms to

be more efficien{fKrugman (1989)).

Real exchange rate appreciation can also be urdbloto productivity. Initially, real
exchange rate appreciation can slow down exporaresipn. This lowers commercial openness
too vital to productivity. Then, real appreciatitly slowing down domestic investment and
Foreign Direct Investment (FDI) can slow down tdchhprogress. In end, if production factors
are not substitutable, the increase of wages caugseeal appreciation involves a bad allowance

of production factors.

In the second case, productivity acts on real exghaate. This is known as tBalassa-
Samuelsortheorem Balassa (1964)and Samuelson (1963) This theorem stipulates that the

growth of the income of a country is accompaniechigy productivity in the sector of tradable
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goods. It results an increase of the relative pofceon-tradable goods, i.e. an appreciation of the

real internal exchange rate.

This chapter studies the effect of real exchange oa total factor productivity on a
sample of 68 developed and developing countrighemperiod 1960-1999. This relationship was
studied for the Chinese provinces Bylvianne Guillaumont and Hua (2003)he chapter
distinguishes itself from this previous work in ébrways: first it is conducted on a panel of
countries instead of provinces in one country, sddbe productivity variable is calculated using
a Cobb-Douglas stochastic production function fieminstead of a Malmquist DEA index and
third it takes account for the existence of a piémonlinear effect between real exchange rate

and total factor productivity.

The results show that an appreciation of real exgéaate results in an increase of total
factor productivity. The results also illustratesatt this effect of real exchange rate on
productivity is nonlinear. Robustness analysis destrates that these results hold both in

subsamples of developed and developing countries.

The chapter is organized as follows: the secondiosecexposes the theoretical
framework, the third gives the main determinantproiductivity, the fourth is about the stylized
facts on the real effective exchange rate and mtodty, the fifth presents the calculation of
total factor productivity, the following two sectis speak about the econometrics models and
estimations methods, and the data and variablgectegely. The last three sections give the

results, the robustness analysis and the conclusgpectively.
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1.2 Theoretical Framework

The theoretical analysis of the relationship reathange rate-productivity suggests a
double direction link: one the hand, real exchargje acts on productivity and on the other

hand, productivity acts on real exchange rate.

1.2.1Effects of Real Exchange Rate on Productivity

Real exchange rate appreciation can act positialynegatively on productivity
according to the casg$ylvianne Guillaumont and Hua (2003)Jhe following subsections

discuss how this can happen.

1.21.1 Positive effects of real exchange rate appreciationon

productivity

Real exchange rate appreciation can increase pey¢Krugman (1989), Porter (199D

Many arguments have been proposed to explaindhts f

First, as real exchange rate appreciation is dtrefan increase of the relative price of non-
tradable goods, real wages will increase insofahag constitute an important part of the price
of non-tradable goods. Real exchange rate appi@tiaas hence a consequence of dropping the
relative price of capital. This involves a reorgamtion of firms’ production structure by an
increase of capital intensity which in his turnreases technical efficiency. This drop of the
relative price of capital also involves an increasfeimported physical capital carrier of

technological progress and increase of labor prindtyc
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Second, real exchange rate appreciation increasg¢samuneration of labor. According to
the theory of wage efficiency, real wage condititims effort provided to work, hence workers’

productivity.

In fact, the increase of workers real wage involgesncrease of their income which allows
them to better take care of themselves, to edwradeincrease their wellbeing in general. This
acts in a positive way on the motivation of worketsich in his turn exerts a positive influence
on the effectiveness of the combination of prodiectactors by a reduction of X-inefficiency
(Leibenstein (1966), Harris (2001)The increase of real wage involved by real exgbkarate
appreciation also reduces theain drain because the skilled workers are incited to remain i
their countries of origin. This results to an irase of workers’ productivity and a greater

assimilation of the innovations.

Third, real exchange rate appreciation increasesdio competition which pushes domestic
firms to increase their effectiveness to remairthe market. Two effects are expected from
foreign competition. On the one hand, foreign cotitipae allows a redistribution of the
resources from firms or sectors not very productosards more productive firms or sectors.
This is the phenomenon of creative destruction: faetors of production undergo a
redistribution which leads to the increase in thtaltefficiency of the productive system so that
the more efficient firms and sectors remain on nieket whereas the less efficient firms and
sectors disappear. On the other hand, foreign ctitigperesults in the introduction of a new
non-cooperative actor into the market which thnesithe position of the national firms, which
pushes them to be more efficiefi€rugman (1989)) The explanation oKrugman (1989)is
based on the theory of the contracts applied tdithes. In a company, the manager does not

have the same motivation as the shareholder bedaeidgenefits only a part of the profit
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generated by the company. What interests the maisge maximization of its utility function
which has two variables: part of the profit and #fort he provides. Thus although the
shareholder fixes the contract so that the pretm®f the manager are the closest possible to
his (incentive constraint), the manager alwaysdasrtain room which enables him to deviate
from the principle of maximization of profit soughy the shareholder. The introduction of a
new non-cooperative actor (foreign) into the naalomarket, transforms the effort provided by
the managers into a strategic variable. The foréigm can dominate the market by choosing a
very high level of effort. The national firms cormgs of this threat increase their level of effort
to the risk of disappearing from the market. Tharsholder of the national firm could also take
the level of effort provided by the foreign manages a scaleKrugman (1989)applied this
reasoning to explain the effects of the overvatuatf the dollar and the pound at the beginning
of the eighties respectively in the United Stated e the United Kingdom. According to this
explanation, the overvaluation of the real excharage of these two currencies during this
period generated an increase in competition impigpwhe marginal effect of effort which

generated an increase in the effectiveness of neamagt and an improvement of productivity.

1.2.1.2 Negative effects of real exchange rate appreciationon

productivity

Real exchange rate appreciation can be unfavotalgeoductivity.

In the first place, real exchange rate appreciagarrts a negative impact on exports.
However, according té-eder (1983), Guillaumont (1994)he tradable goods sector to which

exports belong is more competitive than that of then-tradable goods since it faces
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international competition. A redistribution of prattion factors in direction of the tradable
goods will have as a consequence an increase idugtivity. Hence, real exchange rate
appreciation involves a fall of allocative efficninsofar as it generates redistribution of

production factors towards the non-tradable goodké detriment of the tradable goods.

In thesecond place, many work in particukindlay (1978), Wang (199@nd Boreinsztein

et al. (1998)showed that Foreign Direct Investment (FDI) or detitceinvestment in general, by
involving the adoption of new leading-edge techgas, the increase in the human capital and
the adoption of effective methods of managemengrtea positive effect on total factor
productivity via their impact on technological pregs.Boreinsztein et al. (199&kress that the
impact of the FDI on economic growth is higher thhat of domestic investment in countries
that have a sufficient level of human capital. 8inmeal exchange rate appreciation reduces
profitability in the sector of exports, it slowswlie the FDI, investment and thus technological

progress.

In the third place, if production factors are nabstitutable, the real wage increase caused by

the real exchange rate appreciation involves aalladiance of production factors.

1.2.2 The effects of Productivity on Real Exchange RateThe

Balassa-Samuelson Theorem

Works completed in a separate way in 1964Bayassa (1964and Samuelson (1964)
showed that real exchange rate fluctuations caexptained by the “theory of real trade”. This

explanation was called thereafter the theorerBathssa-Samuelsoihe idea of the theorem is
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that the growth of the income of a country is acpamed by higher productivity in the sector of
tradable goods than in the non-tradable goods iséidis pushes the wages in the tradable sector
to go upward. This in turn spills over to the noadable goods sector and induces an upward
pressure on wages. Larger wages in the non-tradmiads sector increase the relative price of
these non-tradable goods because the price inrdéidalie goods sector is identical through
countries and internationally determined. This lesaplies an augmentation of home inflation
which causes the REER to appreciate. The theorem éxplains why countries with high
growth rate tend to know an upward trend of thelative prices and consequently of the actual
value of their currency in terms of foreign curriexsc In other words, such countries often know
a tendency to the real appreciation of their cuzyemhis also means that economic growth
convergence across countries tend to appreciateREieR. The appreciation of the REER
explained in the Balassa-Samuelson effect mightadrcause a loss of competitiveness of the
concerned countries. All depend on the relativaiance of the productivity gains generated
by economic growth and the relative importanceheftradable and non-tradable goods sectors.
For instance South East Asian countries enjoyemiénglous growth in past four decades but
they did not lose their competiveness in many sedtowever. This is because as the country
grows rapidly, it specializes in the production angbortation of goods with high value added
content. Again for example, between 1960 to 2010tiS&orea has passed from an agrarian
economy to a big industrialized country without geally losing big market shares in

international trade.

I would like to draw the attention of the readeattthis chapter analyzes the link between

the level of REER and productivity while the nextiddes the connection between REER
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volatility and TFPG. The evolution of REER affeds mean while the volatility of REER acts

on its standard deviation, i.e. the fluctuationshaf level of REER around its mean.

1.3The Main Determinants of Productivity

Now | will give a brief review of the main deternaints of TFP. The choice to present these
determinants is relevant by the fact that the mgsstudies on productivity and on its links with
the REER do not discuss at all the main determgahproductivity. We believe that we cannot
expect a serious study on productivity without gi\ge description of the potential factors that

affect it. There exist many factors that act ordpiativity but the principal ones are:

Financial development:Financial development acts on productivity, mairiby two
different methods. The financial sector by pushimdjviduals to save more increases the
rate of capital accumulation which could enhancedpctivity and growth. Financial
development allows the accessibility of cheap fagawhich motivates innovations and
thus improves productivity.

Openness (including Exports)Openness including exports increases productivity
providing more efficient techniques of productianthe home country, by enhancing
competition, innovation, technology diffusion angesialization, by increasing product
varieties and Foreign Direct Investments (FDI) amfs, and by augmenting the scale
economies. One of the assumptions made in thisisthesthat the REER and its
associated measurements affect productivity thraymgmness including exports.

Human capital: In practical implementations, human capital i:yegally, assimilated to

the degree of education of the people that makesnugconomy. Human capital theory
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assumes that education increases the marginal gradulabor. It also defends that
education augments productivity by facilitating awation and imitation of technology.
Human capital reduces adjustment costs of invedtimasurred by the firms since
educated people are capable of adopting new teodiesl more quickly and effectively
than simple workers. Human capital plays an impurtale in technology diffusion and
advanced Research and Development (R&D) which rmaieng the first driving forces of
technological progress.

Government consumption:Government consumption can have both positive and
negative effects on productivity and growth. Ifsitutilized for non-productive purposes,
it may hinder productivity by reducing the quantdl credits available for the private
sector. Conversely, when employed in a productiag,wt enhances productivity and
growth by augmenting the profitability of privatetiaities through the provision of
public goods. Most empirical studies on cross-sectir panel data tend to illustrate that
government consumption acts negatively on proditgtand growth.

Inflation: Since the genesis of macroeconomics to today, moshomists agree that
inflation has social costs. Yet they do not agesdirely, how these costs are generated
and what is the optimal rate of inflation for theoeomy. Despite these disagreements,
many studies have identified some important chanttglough which inflation affects
productivity. By blurring the price system, inflati leads producers to make mistakes
and choose the wrong combination of inputs, resyllitn lower productivity compared to
the optimal casélarrett and Selody (1982)Inflation reduces the information content of
prices and breaks their coordination mechanismgyited productivity gaingFriedman

(1977)) Inflation by increasing uncertainty may promptogucers to increase
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unproductive stocks and reduce long-run expenditue R&D (Mansfield (1980))
Inflation reduces after-tax profits, which, in turshrinks the accumulation of private
capital, leading to lower Productivity. Hyperinflat increases human resources devoted
to the financial sector at the expense of othetosgc thus reducing productivity
(Leijonhufvud (1977))The analysis of the relationship between inflagmd productivity
also raises the question of the optimal inflatiaterfor productivity because sintebin
(1972) there is a huge literature that highlights thedieial effects of “moderate”
inflation.

Tendency of terms of tradefhe tendency of terms of trade is the growth oétierms of
trade (TOT). An increase of the TOT allows a coyritr acquire larger quantities of
production factors, and invest in more technoldbicaffective and competitive
production processes which enhance productivity gmoadvth. But TOT can also have
negative impacts on productivity and growth. Thsnes from the natural resources
curse literature which argues that augmentationsT@ff could create rent-seeking
activities which are, in most cases, inefficientd annproductive, leading to little
productivity and growth. Most empirical studiesatiger that the tendency of terms of
trade acts positively on TFP and growth.

Crises: Crises represent either banking or financial eriggrises augment uncertainty,
intensify job losses and firms bankruptcy, incressaal pressures and, deter investment
and FDI, all of which damage productivity and growOther researchers support the
view that crises can raise long-term productivityl @rowth by creating the opportunity
to undertake reforms that was not possible to dbermpast. Many empirical works find a

negative relationship between crises and produygtivi
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Investment:Most new growth theories stress the importandateypret the capital stock
more broadly. Since capital stock is the resuthefaccumulation of investment over the
years, this implies that investment should alsocbasidered more broadly to take
account the acquisition of any asset or service ¢ha create future production returns.
This definition implies that investment comprisd®e tpurchase of tangibles assets,
education and R&D. These activities are carried byt firms, individuals and
governments in order to increase their future gavhg&ch, consequently, contribute to
long-run productivity and growth. Another componefithe assumptions made in this
thesis is that the REER and its associated measutenact on productivity through

investment.

In addition to these variables mentioned abovegrs¢\thers can be identified as being
potential determinants of productivity. For example have: Foreign Direct Investment
(FDI), Foreign Debt, Population Growth, Budget B#fiExpenditures on Education, etc. In
this chapter we choose only a subset of these palteleterminants of productivity. The

others are employed in chapter 2.

1.4Stylized Facts on the Real Effective Exchange Rasnd

Productivity

In this section, we analyze some stylized facttherREER and productivity.
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Distribution of TFP across Countries for the OveldPeriod 1960-1999:

Figure 1.1 gives the distribution of the logaritlwinTFP across countries for the overall
period 1960-1999. The graph contains both the kelesity plot and the histogram of TFP. We
observe that TFP is roughly peaked as the nornsadildlition but is very left-skewed (negative
skew). The negative skew property of the distritmutof TFP means that the left tail is longer.
The distribution of TFP has relatively few low vatuand, almost, all the mass of the distribution
is focused on the right of the figure, meaning tina@re are more countries with TFP above the

mean. This is corroborated by the fact the mediar~®, 2.60, is superior to the mean, 2.50.

Figure 1.1: Distribution of TFP across Countries fo the Period 1960-1999
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Logarithm of TFP

Note: The value used here is the logarithm of THR period of study is 1960-1999. Source: Authcalsulations.

The TFP in Function of the Level of the Real Effeége Exchange Rate According

to the Level of Income:

Figure 1.2 illustrates that there exist a positeerelation between TFP and the level of

REER depending on the level of per capita income. fid that Low-Income countries and
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Middle-Income countries that have very high REERoatecorded the highest Productivity.

Contrarily, the High-Income countries experiencev IREER rates and relatively high

productivity.

Figure 1.2: The TFP and the Real Effective ExchangRate according to the level of Income

High-Income
Low-Income
Middle-Income

NN - N REER |

Note: The period of study is 1960-1999. SourcerSauAuthor's calculations.

Nonparametric Estimation Between TFP and Real Effae Exchange Rate:

To examine the possible existence of nonlinearbetsveen the REER and the TFP, we
present, in Figure 1.3, a nonparametric estimatfche Logarithm TFP on the Logarithm of the
REER by the method Lowegkocally Weighted Scatterplot Smoothinghis method allocates
to each point of the x-axis a value predicted bijnear regression on all neighboring points
balanced according to their distance. The parameétath changes the intensity of smoothing is

the percentage of points included in each regresssooothing is higher the percentage of
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points included is high. We have chosen the peacgenof points included as being 10% in order

to visualize the essential break points. We obs#raethe relationship REER-TFP is strongly

nonlinear. We notice that below the approximateakgoint of 0.9, real exchange rate appears to

acts negatively on productivity while above thisedhold real exchange rate seems to have a

positive effect on TFP. This result is corroboratgdhe econometric estimations in this chapter.

Figure 1.3: Nonparametric Estimation of TFP on ReaEffective Exchange Rate

Lowess smoother

TFP

bandwidth = .1

Note: These two variables are expressed in Logarifthe Bandwith employed is 10%. The period of gisdl960-1999. Source: Author's

calculations.

Local Polynomial Smooth Plot Between TFP and Redfdttive Exchange Rate:

Figure 1.4 gives the local polynomial smooth pletieen TFP and REER. The first

graph is without the cloud point and the seconth wie cloud point. The gray area represents the

95% confidence interval (Cl). The Cls are very dmatlicating the precision of the fitting. As
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Figure 1.3, we observe that, there exist a strandimear relationship between TFP and REER.
Below the threshold, REER seems to act negativelyrieP, while it reacts positively on TFP
above the threshold. Figures 1.3 and 1.4 appedemoonstrate that the nonlinear connection

between TFP and REER we found in this chapter tigantuitous.

Figure 1.4: Local Polynomial Smooth Plot with Confilence Interval between TFP and Real
Effective Exchange Rate
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Note: These two variables are expressed in Logarifthe period of study is 1960-1999. Source: Authcalculations.

The graphs presented in this section illustrate i level of REER acts positively on

TFP. In addition the impact of the level of the REBN TFP is nonlinear. It is therefore
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important to examine these correlations observdatiese stylized facts more rigorously. This is

what we investigate, in the remaining sectionhf thapter.

1.5 Calculation of Total Factor Productivity

Total factor productivity is calculated from a dtastic production frontier using the method
of Battese and Coelli (1992pn quinquennial data for all countries of the skmpf study.
Before going further on this method, let us exptaim concept of technical inefficiency in output
for a firm. We say that a firm is technically inefént when it does not manage to position its
production on its frontier production possibilitids other words, the firm potentially produces
less than what it should produce because of existefithe technical inefficiency. As explained
in the General Introduction, the stochastic frantenalysis method is an econometric
(parametric) frontier method and is applied to botitroeconomic and macroeconomic data.
Hence the concept of technical inefficiency of anfican be applied to a country without
problem. For more information on this, see the syrof Del Gatto et al. (2011)Also there are

many studies that apply stochastic frontier techesgon macroeconomic data.

In the method ofBattese and Coelli (1992}he technical inefficiency is modeled as a
truncated normal random variable multiplied by acsfic function of time. This implies that for

a panel of countries we have:

ln(Yit) =f In(XIt),b SN H3 0 (1.2)

Where:

In(Yit) andln(xit)are respectively the logarithm of output and ingatscountryi at timet;
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uit :exp{—h t- 'I; )} LII is the technical inefficiency;

'I'i the last period of thdath country;
h is a parameter;
iid iid
ot - 2, .
u N (ms‘/zn) andvit N(O,sv) ;
u and v, are independently distributed one and the otheltlamdegressors.

This method is used to estimate a Cobb-Douglasugtanh function (constant returns to

scale and non-constant returns to s¢ale)
- a b
AR R

By dividing the two sides b_\JLt , we have:

By taking the log of the two sides we get:
In(yt) :In(At)+aIn(kt) +@ +b -1)In(Lt)

The estimated equation can be written as:

In(y,) = by + b, In(k ) +bgin(L. ) - + ¥ (1.2)

13 We specify here the general form without constahtrns. To obtain the constant returns the equfic®) is estimated while

imposing b3 =0, which correspond ta b+ -1=
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With Yig output per Workerkit capital per Workerj_it the number of workers, countries,t

time, u and v, areas defined previously.

t

Total factor productivity(TFF;t) IS then:

TFR, =exp{ In(y, )- 52 In(k 53 In(Ly )} (1.3)

The results of the estimates of the production tions that are used to calculate the total
factor productivity measurements are provided ibl@d..1 in the Appendices of Chapter 1. The
results illustrate that both capital per worker #imel number of workers act positively on output
per worker. The effect of capital per worker is Hig statistically significant with a very
important absolute value. By contrast, the numlderarkers is not statistically significant. Its
magnitude is also too low. The results also shaat We cannot reject the null hypothesis of
constant returns to scale in this Cobb-DouglasiSpaion. The time varying decay model is
estimated. With this model, the inefficiency dese=a(increases) over time towards (to) the base

level according to the value of. The last period for each country contains theebasel

inefficiency for that country.

Although based on stochastic frontier analysibnegues, the measurement of TFP used
in this chapter is different from that of chapteT®e measure employed in the second chapter is
based on the full decomposition of TFPG accordimits source¥ while the one in the first
chapter is based on the Solow residual. The qyantithapter 2 is a growth rate while the one in
this chapter is in level. Finally the measuremarthapter 2 is computed from a flexible translog

production function while the one in chapter 1 ained from a Cobb-Douglas function. We

14 Kumbhakar and Lovell (2000)
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chose to use a different measure for each chaptehé need of robustness and to enrich our

field of studies.

1.6 Econometrics models and estimations methods

In this section we successively present the gemethlmethod of moments (GMM)
estimation technique and thlansen (1999method. We choose to employ system GMM for
the following main reason. The TFP variable userk he in level. To obtain total factor
productivity growth we need to introduce the lotan of the lagged value of TFP. The
inclusion of this lagged dependent variable maked we cannot utilize traditional panel
data techniques like fixed effect or random effeMsre explanations for why we employ
the system GMM estimation method are given furtbelow. We use thélansen (1999)
method because in the theoretical part we arguad réml exchange rate can act both
positively and negatively on total factor produttfiv Thus theHansen (1999)nethod is the
perfect econometric technique since it allows tghimo account the behavior of nonlinearity
in the variables. As implied previously, the syst&MM method is a dynamic linear panel
data method while thélansen (1999)s a non-dynamic nonlinear panel data estimation
technigue. Since we want to investigate the el &®EER on productivity both linearly and
nonlinearly, these two previous estimation methadsthe ideal candidates for our present
study. We choose not use system GMM in chapter @ause the measurement of

productivity employed there is a growth rate.
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1.6.1 The GMM estimation method

To estimate the impact of real exchange rate odymtivity, the method of system GMM is

used. The estimated equation is:

Ve %o @Dy FoX tm [+e, (1.4)

1 represents total

Where ¥ 4 is the log of total factor productivity, in thiss:myi £ %y

factor productivity growth.Xi t represents the regressonslz.country fixed effects/ i time fixed

effects. e, idiosyncratic errorsi indicate countries antlthe time.

Equation (1.4) can be equivalently rewriting as:

Vit Ta% o1 TO Xy TR ey (1.5)

The standards methods of estimation cannot betosestimate equation (1.5) because of the
presence of the lagged dependent variable. Twoadsthre available to estimate this equation:

the estimator oArellano and Bond (1991r difference GMM and the system GMM estimator.

We use the system GMM estimator becaBkandell and Bond (199&howed using Monte
Carlo simulations that the system GMM estimatomigre efficient than the difference GMM
estimator. The system GMM method consists in siamdbusly estimating by the method of

generalized moments the following two equations:

Y Ta%y tO X tm ] e (1.6)

f {
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Vg Yoo a0 Y O OX e X G g 1 D)

Equation (1.7) is called equation of first diffecess and equation (1.6) equation in level. The
equation in level is instrumented by the varialefirst differences whereas the equation in first
differences is instrumented by the lagged valueth@fvariables in level. The instrumehitare

generated using the following moment conditions:

For the equation in first difference (equation 1.7)

E yIt s'(ei,t' 6f,t- 1) =0forg 2, 3,...T (1.8)

E xi,t- s'(ei,t' e 1) =0, forsg 2:& 3,...T (1.9)

For the equation in level (equation 1.6)

E (yi,t-s' ylt s 1).(/77|+ (i)’t) =0,fors 1 (1.10)

E (Xi,t- <" Xi,t- S 1).(/7# (i)’t) =0, fors=s 1 (2.12)

The conditions (1.8) to (1.11) combined with th@emlized method of moments allow
estimating the coefficients of the model. We use disstem GMM estimator since, first we will
have the lagged dependent variable as a regressoond the endogeneity of the link real
exchange rate-productivity and third the use of mmexonomics data which are highly
endogenous. Hence the System GMM in addition t@w@adcfor unobserved heterogeneity of
countries and omitted variables, it allows to sdllle endogeneity of real exchange rate and

other control variables including the measuremerdreon variables problem. Moreover it is

1570 test the validity of the lagged variables agrinmentsArellano and Bond (1991 Arellano and Bover (1995), Blundell and
Bond (1997suggest the test of over-identification of Sargad the test of autocorrelation of second order.
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more efficient than thérellano and Bond (1991and the non-dynamic panel data fixed effect

estimators.

1.6.2 The Hansen (1999fstimation method

In the theoretical part, we stated that exchantecauld act positively or negatively on
productivity. This suggests than the effect of mathange rate on productivity is nonlinear.
We use theHansen (1999method of determination of endogenous threshaldedt this

assumption.

The estimated equation is written as

TFPit = blREEIﬁ ( REEIBEQ) + b2 REER( I REiFF?e 9

| (1.12)
TAX Fm [ re

Where:

I(-) is an index function according to whether reaketie exchange ratéREER) is

lower or higher than the endogenous thresiggld

TFPit , REEFIQI, Xit’”i7’ [[ andeIt are defined and calculated in the same way agjuatsn

(1.4).

The method oHansen (1999%onsists in estimating equation (1.12) by fixefé@s in two

stages:
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Find the endogenous optimal threshafd which minimizes the sum of squared

residuals §_L) of equation (1.12) estimated by fixed effects:

g= argminSl ©@)
g9

Test the significativity of the thresholg. The null assumption of the absence of

threshold effect is writtenH 0" blz b2' This assumption is tested by the statistics

E = (So' S.L@)) 2

where S ,Sland§ are respectively the sum of squared residuals
1 &2 0

under HO’ the sum of squared residuals uanaA and the estimated variance of the

residuals. The problem to carry out this test & tlnderHOhe non-identification of

the threshold implies tha%ldoes not follow the standards statistical distidmg. To

cure it, Hansen (1999)proposes to carry out a bootstrap in order tovdea

distribution of the statisticFl. For the needs of inferences on the significatieitthe

endogenous threshold, he proposes to build, fogadl confidence interval on the

(s,9- 5
) :

S

basis of the likelihood ratio according tRl(g) =
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1.7 Data and Variables

The sample of study includes 68 countries: (22)ettgped and (46) developing countries
over the period 1960-1989 It is important to note that this chapter wastter in December
2005 and uses the former CERDI real effective emgbaate variable which in that time was
going from 1960 to 1999. This is why the samplestoidy goes from 1960 to 1999. The reader
might find the sample short but if we place oureshin 2005, the sample would not be short
since there was only a five year interval betwdentivo datesln order to eliminate cyclical
fluctuations and to focus on middle and long testationships, the averages over five years
were calculated. Consequently, the temporal depthneduced to eight sub-periods: 1960-1964,
1965-1969, 1970-1974, 1975-1979, 1980-1984, 19@919990-1994, and 1995-1999. The data
mainly come fromSummers and Heston (2004) (Penn World Tables é&),World Bank
(World Development Indicators, 2004), Barro and L@€00), Easterly (2001) and CERDI

(2000).

The literature on real exchange equilibrium and esahange rate misalignment states that
some of our control variables like openness, gavent consumption, inflation and the terms of
trade are correlated with real exchange rate. Hehee effect of real exchange rate on
productivity could pass by these variables. If veineate an equation in which we put these
variables and the REER we would be estimating trecdor partial effect of REER on TFP.
This effect is the one that does not pass throbgiset intermediary variables. Since we are
interested in the estimation of the total effecREFER on productivity, we regress, using System
GMM, each of these control variables on real exgearate and put the resulting residues on the

main estimations of the impact of real exchange oat productivity in tables 1.5, 1.6, 1.7, 1.8

16 This sample size is given according to the avaitaiof the data. Table 1.2. gives the list of otties
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and 1.9". We proceed as such because these control variabde transmission channels of
REER to TFP. Hence we are estimating the totalcei® real exchange rate on productivity
since we have taken into account the effect that exchange rate have on these control

variables. Se8ylvianne Guillaumont and Hua (200@y further details on these techniques.

Tables 1.3 and 1.4 respectively provide the detdilsalculation of all the variables and the

descriptive statistics.

1.8 Results

In this section, we will successively presents tbsults in system GMM and thdansen

(1999)method results.

1.8.1 System GMM estimation results

The system GMM estimation results are presentéfable 1.5. The statistics of the test of
Sargan show that we cannot reject the null assompdif validity of lagged variables as
instruments. In the same way, the statistics AR(@w that we cannot reject the null assumption
of absence of autocorrelation of second order@gtinors. This implies that the estimation of the
relationship real exchange rate-productivity of sample by the system GMM is applicable. All
the regressions are carried out with robust stahdaors obtained by the procedure of
estimation of system GMM in one stage. These standiaviations are efficient for the presence

of any form of heteroskedasticity and autocorretatn the panel.

" The regression results of each of these contrizlvies on Real Exchange Rate are available upprest.
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The coefficient of the real effective exchange rateignificant and has a positive sign. This
means that an appreciation of the real effectivdhamge rate increases the productivity. The use
of instrumental variables makes it possible to 8&t the positive relation between the real
effective exchange rate and the productivity seemgo from the real effective exchange rate
towards the productivity and not the reverse. Tin@act of real effective exchange rate on
productivity is very high. While being based to neggion (4), and by supposing a variation
expressed in percentage of real effective exchaaigeof 35%, the corresponding rise of total

factor productivity is 4%.

The minus coefficient of the logarithm of laggedatofactor productivity indicates a
conditional convergence compared to the produgtiViihis convergence is conditional in what it
shows a growth from the total factor productivisyhigher as the former productivity is low,
only if the other explanatory variables are maimdi constant. The coefficient indicates that

conditional convergence is very high becausedarsied out at a rate of 18%.

The GDP per capita is significant at 1% and positivall equations. The positive sign of the
initial GDP per capita means that convergence coetpeo total factor productivity is larger as

the initial GDP per capita is high.

The human capital is significant and has the exgoksign in all regressions. The magnitude
of the human capital coefficient is higher thanttball the other variables in all regressions.
This suggests that the human capital exerts afigni positive impact on total factor

productivity.

The other controls variables are only marginalgyngicant.
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1.8.2 The Hansen (1999fstimation results

The Hansen (1999stimation results are presented in Table 1.6.t&hwgoral specific
effects were taken into account. The robust stahdarors are between brackets. The
endogenous threshold is equal to -0.2525. Theepaddange rate corresponding to this threshold
is equal to 0.7769. The statistics of the likelil@atio indicates that the endogenous threshold is
significant to 5%. This suggests that the effecteall exchange rate on total factor productivity
is nonlinear. Under the threshold, real exchanteaets negatively on productivity while above

the threshold real exchange rate has a positieetadih productivity.

1.9 Robustness Analysis

Table 1.7 gives the regression according to anraltive measurement of total factor
productivity. The alternative measurement is thgatdhm of total factor productivity, Cobb-
Douglas function with non-constant returns, metibbdBattese and Coelli (1992 he result
shows that the impact of real exchange rate on tattor productivity is robust if we use an
alternative measurement of total factor produgtivithis means that the REER continues to act
positively on TFP. The impact of REER remains veigh with a magnitude slightly above that

of the REER in regression 4, Table 1.5.

Table 1.8 gives the estimations on the subsamglé3eweloping countries and Non-
Developing countries. The results illustrate tha tmpact of real effective exchange rate on
total factor productivity is robust with the estitmaon the subsamples of Developing countries
and Non-Developing countries. This means that defficient keep the same sign as in the main

regressions in Table 1.5. The absolute valueseottefficients in Table 1.8 are also comparable
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to those in the main estimations. The other regresare, generally, significant and have the

expected signs as in Table 1.5.

Table 1.9 provides the robustness of the estimatfadhe Hansen (1999method to the
inclusion of more control variables. The outcomendastrates that the threshold remains the
same when we introduce more regressors. The cesiffsicof the REER below and above the
threshold are statistically significant at convengl levels. The coefficients of the other
regressors are not included. Also only the imparssattistics are incorporated. Thé statistic is
very close to that of Table 1.6 and the p-valughefsignificance of the threshold is identical in
the two tables. The result found in Table 1.9 se@msorroborate the fact that the impact of

REER on productivity is nonlinear.
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1.10 Conclusion

This chapter explored the relation between the effattive exchange rate and the total
factor productivity in the medium and long term.eTtesults show that an appreciation of the
real effective exchange rate increases the prodtycti This means that REER appreciation is
favorable to productivity. The impact of real etige exchange rate on productivity is very high.
By supposing a variation expressed in percentageafareal effective exchange of 35%, the
corresponding rise of the total factor productivigy4%. The results also illustrates that this
effects of real exchange rate on productivity islm@ar. Under the threshold, real exchange rate
acts negatively on productivity while above theetiirold real exchange rate has a positive effect

on productivity.

The intuition behind these results is that whenestmate a dynamic linear panel data
model, it is the positive effect of real exchang&ron productivity that seems to appear in the
results. Otherwise in linear panel data the pasigdfect of REER on TFPG dominates the
negative effect. This means that REER increaseugstodty by reducing the price of imported
capital stock, by augmenting real remunerationhef workers and by rising the competition
national firm are facing. The threshold effectmstiion method on the other hand digs deeper in
the results found previously and says that althahghpositive effect seems to dominate, there
exist in fact a nonlinear link between REER and TFRe relationship is non-monotonic and
there exist a U or V type curve between the twoaldes. When the REER is not very high any
real exchange rate appreciation seems to act lmadlyroductivity. In this case REER harms
productivity by reducing exports and openness, bydring domestic and foreign direct
investments and by causing a bad allowance of ptagufactors. But above the threshold, the

positive effect of REER found previously takes ovidre economic explanation of this threshold

64



Chapter 1: Analyzing the Link between Real Exchd®afe and Productivity

effect is that when REER is not very high (below threshold), agents in the economy are not
familiar with REER appreciations, so any real ap@ton plays badly on their economic plans.
But when the REER is already large (above the timld}, agents know that they cannot be
protected by a low exchange rate, hence they wdetthe necessary actions that help them

improve their competiveness which in turn act pesky on productivity.

From an economic policy point of view the resgiénerally highlight that real exchange
rate appreciation could augment productivity iniiddle and long-run. But for countries where
the REER is not much appreciated, an augmentafiaghis REER could harm productivity. A
positive impact of REER appreciation could only jpap in countries where this variable is

already high.

This chapter has examined the connection betweeletel of REER and productivity. A
natural question we might ask is what are the piatlerlinks between the associated
measurements of REER and productivity? To answ#risoquestion the next chapter studies the

connection between REER volatility and TFPG.
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Appendices of Chapter 1

Table 1.1: Results of the regressions of the prodtion functions used for calculation of the
Total Factor Productivity

Production Function Cobb-Douglas.
Battese et Coelli (1992Method
Dependent variable : In(y)

Non-constant returns Constant returns

Regressors

to scale to scale
In(k) 0.4719%** 0.4762***

(0.0160) (0.0143)
In(L) 0.0092

(0.0152)
Constant 2.8199%* 2.8983**

(0.2626) (0.2314)
Time varying decay model yes yes
Observations 544 544
Number of countries 68 68
Test of constant returns to scale 0.5443

Note: Robust standard errors are between bracketsthe test of constant returns to
scale, it is the p-value that is reported. * sigaifit at 10%; ** significant at 5%; ***
significant at 1%
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Table 1.2: List of Countries

N° c o%%in(th) Country Name R c o%zin(t\%B) Country Name

1 ARG Argentina 35 KEN Kenya

2 AUS Australia 36 KOR Korea, Rep.

3 AUT Austria 37 LKA Sri Lanka

4 BEL Belgium 38 LSO Lesotho

5 BOL Bolivia 39 MEX Mexico

6 BRA Brazil 40 MUS Mauritius

7 CAN Canada 41 MWI Malawi

8 CHE Switzerland 42 MYS Malaysia

9 CHL Chile 43 NER Niger

10 CMR Cameroon 44 NIC Nicaragua
11 COL Colombia 45 NLD Netherlands
12 CRI Costa Rica 46 NOR Norway

13 CYP Cyprus 47 NZL New Zealand
14 DNK Denmark 48 PAK Pakistan

15 DOM Dominican Republic 49 PAN Panama

16 ECU Ecuador 50 PER Peru

17 EGY Egypt, Arab Rep. 51 PHL Philippines
18 ESP Spain 52 PNG Papua New Guing
19 FIN Finland 53 PRT Portugal

20 FRA France 54 PRY Paraguay

21 GBR United Kingdom 55 RWA Rwanda

22 GHA Ghana 56 SEN Senegal

23 GMB Gambia, The 57 SLV El Salvador
24 GRC Greece 58 SWE Sweden

25 GTM Guatemala 59 SYR Syrian Arab Repub
26 HND Honduras 60 TGO Togo

27 IDN Indonesia 61 THA Thailand

28 IND India 62 TTO Trinidad and Tobag
29 IRL Ireland 63 URY Uruguay

30 IRN Iran, Islamic Rep. 64 USA United States
31 ISR Israel 65 VEN Venezuela, RB
32 ITA Italy 66 ZAF South Africa
33 JAM Jamaica 67 ZAR Congo, Dem. Rep|
34 JPN Japan 68 ZWE Zimbabwe

ic
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Table 1.3: Definitions and methods of calculationfahe variables

Variables Definitions Expected Sign Sources ofad
Real effective Weighted average of the bilateral exchange rates Positive or Negative CERDI
exchange rate according to the trade partners. Base 100=1995. An
increase is an appreciation. database
(2000)
Initial GDP per GDP per capita (1996 constant dollars) beginning of
capita period.
Penn World
Table 6.1
Human Capital The human capital is calculated het beginning of Positive Barro et Lee
period as the sum of the average number of yeafs of (2000)
studies in the secondary of the men, the averagbed
of years of studies in the secondary of the wontiea
average number of years of studies in the tersactor
of the men and the average number of years ofestud
the tertiary sector of the women balanced by their
respective coefficients in a regression includiree |t
growth rate of total factor productivity, the iait GDP
per capita, the residue of openness, the residue of
government consumption and the residue of inflation
Residue of Residue of the regression of the logarithm of |tResitive
openness* Openness = (Exports +Imports)/GDP on the logaritim
the real effective exchange rate.
Residue of Residue of the regression of the logarithm of [tNegative World Bank,
government Government consumption = Government Consumgtion
consumption* /GDP on the logarithm of real effective exchande.ra World
Development
Residue of inflation*| Residue of the regression Infl+inflation) on thel Negative Indicators, 2004
logarithm of real effective exchange rate.
Residue of the Residue of the regression of the Growth rate oftéhes| Positive Easterly, 2001

growth of the terms
of trade*

of trade on the logarithm of real effective exchanate.

Note: *This method of calculation of the controiables is similar to that used BylvianneGuillaumont and Hua, 2003 he idea is to be able
to calculate the total impact of the Real ExchaRgee on Productivity.
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Table 1.4: Descriptive statistics on variables

Standard
Variables Observations Means deviations Minimum Maximum
Ipgfex* 544 2.5009 0.3648 1.0606 3.1842
Ipgfnx** 544 2.4233 0.3691 0.9541 3.1238
Real effective exchange rate 529 1.4153 0.9339 0.2598 11.3760
Initial GDP per capita 544 6869.9260 6212.5730 321.7051 28409.6200
Human Capital 541 -0.0485 0.0741 -0.3345 0.1327
Residue of openness 453 2.23E-10 0.1880122 -0.8063945 0.850640p
Residue of government consumption 448 2.87E-1 63.379 -0.8675174 0.8297289
Residue of inflation 455 -2.02E-10 0.3107403 -0.705259 3.469315
Residue of the growth of the terms of trade 439 80B6-12 0.077388 -0.3542168 0.2589573

Note: * Ipgfcx: logarithm of Total Factor Produdtiy Cobb-Douglas function with constant returngthod ofBattese and Coelli (1992).

** |pgfnx: logarithm of Total Factor Productivit{;obb-Douglas function with non-constant returnsthoe ofBattese and Coelli (1992
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Table 1.5: System GMM estimation results

Dependent variable: logarithm of Total Factor Pwitlity, Cobb-Douglas function with constant retsiyn

method ofBattese and Coelli (1992)

Regressors (1) 2 (3) 4
In (productivity), t-1 0.2251%*  -0.1621*  -0.2019**  -0.1456
(0.0907) (0.0955) (0.0882) (0.1052)
In(Real effective exchange rate), t 0.0869** 0.0831 0.0785* 0.1196**
(0.0431) (0.0422) (0.0436) (0.0513)
In(Initial GDP per capita) 0.1602**  0.1385**  0.IB***  (0.1588***
(0.0407) (0.0373) (0.0405) (0.0454)
Initial human capital 0.8018** 0.5965* 0.6975** @85**
(0.3641) (0.3426) (0.3175) (0.3656)
Residue of openness, t 0.1144 0.1304 0.2034*
(0.0973) (0.1051) (0.1215)
Residue of inflation, t -0.0380* -0.0171 -0.0053
(0.0209) (0.0192) (0.0207)
Residue of government consumption, t 0.1564*
(0.0790)
Residue of the growth of the terms of trade 0.1621
(0.1305)
Constant -0.7547%*  -0.7389***  -0.7276***  -0.9505***
(0.2328) (0.2507) (0.2311) (0.2740)
Observations 425 471 435 417
Number of countries 68 68 68 67
Sargan test 0.414 0.617 0.464 0.721
AR(2) 0.847 0.217 0.702 0.522
Number of instruments 43 28 38 43

Note: The robust standard-errors are between hisickee coefficients of the corresponding time fjmec
effects are not shown. For the test of Sargan ladetst of autocorrelation of second order {AR (2
probabilities are shown. The period of study 19609lis subdivided in 8 sub-periods of 5 years (1960
1964, 1965-1969, 1970-1974, 1975-1979, 1980-19885-1989, 1990-1994, 1995-1999). * significant at
10%; ** significant at 5%; *** significant at 1%.
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Table 1.6:Hansen (1999)estimation results

Dependent variable: logarithm of Total Factor Pitlity, Cobb-Douglas
function with constant returns, methodBttese and Coelli (1992)

Estimated endogenous threshold (Gamma) -0.252%

Confidence region at 95% (-0.4212 ; 0.5627)

REER below the threshold -0.1217%+*
(0.0259)

REER above the threshold 0.0773**
(0.0250)

Initial human capital 0.1668
(0.1549)

In(Initial GDP per capita) 0.4826***
(0.0402)

Residue of government consumption, t -0.0625*
(0.0356)

Sum of Squared Errors under HO 1.6099

Sum of Squared Errors under HA 1.5073

Test of significativity of the endogenous

threshol F1=C

E1 21.4417

p-value (simulation) 0.034

(Critical values a 10% ; 5% ; 1%) (14'827?;;;;3'7998;

Number of simulations 2000

Note: The robust standard-errors are between bisckiee coefficients of the
corresponding time specific effects are not sholre period of study 1960-1999 is
subdivided in 8 sub-periods of 5 years (1960-19645-1969, 1970-1974, 1975-1979,
1980-1984, 1985-1989, 1990-1994, 1995-1999).

* significant at 10%; ** significant at 5%; *** sigificant at 1%.
2The Real Exchange Rate corresponding to this tbtes (0.7769)
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Table 1.7: Robustness of the estimations accordirtg an alternative measurement of Total
Factor Productivity

Dependent Variable: logarithm of Total Factor Pratélity, Cobb-Douglas
function with non-constant returns, methodattese and Coelli (1992).

Real effective exchange rate 0.1206**
(0.0511)
N=417,S=0.707
AR(2) = 0.528

Note: The robust standard-errors are between hisacke
The coefficients of the corresponding time spedfiects are not shown. For
the test of Sargan and the test of autocorrelati@econd order {AR (2)}, the
probabilities are shown. The period of study 19609Lis subdivided in 8 sub-
periods of 5 years (1960-1964, 1965-1969, 1970-19945-1979, 1980-1984,
1985-1989, 1990-1994, 199999).
The coefficients corresponding to the other explayavariables are not
reported. These other explanatory variables aresethmcluded in the
regression (4) of Table 2.5. It is: In(Initial GOf@r capita); Human capital,
beginning of period; Residue openness, t; Residfiation, t; Residue of
growth rate of the terms of trade. The time sped@ffects also were taken into
account but their coefficients are not reported.
** significant at 5%
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Table 1.8: Estimation on the sub-samples of Develmg countries and Non-Developing
countries

Dependent variable: logarithm of Total Factor Pwility, Cobb-Douglas function with constant retsymethod of
Battese and Coelli1992

Non-
Developing countries Developing
Regressors countries
1 2 3 1
In productivity, t-1 -0.209 -0.2250** -0.1405 -0.2974
0.1253 0.0956 0.1118 0.1738
In Real effective exchange raté 0.1253** 0.0699* 0.0800** 0.1091*
0.0622 0.0412 0.0333 0.0569
In Initial GDP per capita 0.2052%** 0.1775%** 0.1573*** 0.0509
0.0565 0.0482 0.0535 0.0557
Initial human capital 0.9040* 0.7370* 0.8053** -649
0.4516 0.3799 0.3600 0.1958
Residue of openness, t -0.0364 0.0208
0.0997 0.0910
Residue of inflation, t -0.0442* -0.0313*
0.0223 0.0186
tl?:sgjue of the growth of the terms of -0.0445
0.1701
Constant -1.1653*** -0.8756*** -0.9392%** 0.3497
0.3680 0.3022 0.2691 0.5064
Time specific effects yes yes yes no
Observations 317 287 273 154
Nomber of countries 46 46 46 22
Sargan test 0.138 0.106 0.08 0
AR 2 0.14 0.31 0.792 0.894
Nomber of instruments 28 38 43 22

NoteThe robust standard-errors are between brackeescdéfficients of the corresponding time speciffeas are
not shown. For the test of Sargan and the tesutwfcarrelation of second order {AR }, the probabilities are
shown. The period of study 1960-1999 is subdivithe8 sub-periods of 5 year$960-1964, 1965-1969, 1970-1974,
1975-1979, 1980-1984, 1985-1989, 1990-1994, 199919
* significant at 10%; ** significant at 5%; *** sigificant at 1%
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Table 1.9: Robustness of the estimation of thdansen (1999)method to the inclusion of
more control variables

Dependent variable: logarithm of Total Factor Pwiility, Cobb-Douglas function
with constant returns, method Battese and Coelli (1992)

Estimated endogenous threshold (Gamma) -02525

Confidence region at 95% (-0.4212; 0.6631)

REER below the threshold -0.122%*
(0.0263)

REER above the threshold 0.0802***
(0.0248)

Test of significativity of the endogenous threshold F1=0

F1 21.9546

p-value (simulation) 0.034

Number of simulations 2000

Note: The robust standard-errors are between bisckiee coefficients of the
corresponding time specific effects are not sholre period of study 1960-1999 is
subdivided in 8 sub-periods of 5 years (1960-196845-1969, 1970-1974, 1975-

1979, 1980-1984, 1985-1989, 1990-1994, 1995-1999).
*** gignificant at 1%.
#The Real Exchange Rate corresponding to this thtesh (0.7769).
The coefficients corresponding to the other explanyavariables are not reported.
These other explanatory variables are: Human Qapitdal GDP per capita, Residue
of government consumption, Residue of inflation Residue of openness.
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Chapter 2:

The Effects of Real Exchange Rate Volatility on
Productivity Growth
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2.1 Introduction

Traditionally, economists think that there is nklbetween business cycle and economic
growth but since the seminal workRamey and Ramey (1998gre has been a growing interest
in the study of the effects of volatility on growtResearchers consider that volatility can have
three different impacts on output growth: a positéffect, a negative effect and no effect. First,
the defenders of a positive outcome argue that maofatility leads to higher precautionary
saving and hence to higher economic growth. Vaatilan also act positively on growth by the
fact that it is associated with recessions whietd I the destruction of less productive firms and
to higher Research and Development (R&D) experest{Bchumpeter (1939nd,Aghion and
Saint-Paul (1998)) Second, the negative effect of volatility on gtbwdates back ti&eynes
(1936) who states that investors take into account flumina of economic activity when
calculating return on investment. Furthermore, highatility can lead to lower investment if
investment is irreversiblgBernanke (1983)and, Aizenman and Marion (19983 Some
researchers argue that, if there exists a strdagjoeship between recessions and the worsening
of fiscal constraints, then high volatility couldald to lower growth. In fact, recessions could
lead to less human capital accumulation and henesdaction in growth. Volatility can also
reduce growth by increasing the observed riskirdsgvestment projects which diminishes
investment. Other causes of a negative impact ¢dtility on growth are macroeconomic
instability, weak institutions and political inseity. Third, those who believe in the no effect
hypothesis argue that only real factors like tedtwm and labor skills can affect output growth.
In the empirical literatureRamey and Ramey (1998hd Norrbin and Yigit (2005)find a
negative link between volatility and growthinatkovska and Loayza (200&nd that this

negative relationship is largely due to big recassiand is aggravated in countries that are weak
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institutionally, poor, incapable to take countefmal fiscal policies and financially
underdeveloped. The results hbs (2006)show that volatility and growth are correlated
positively across sectors, and negatively acrosmitces. Kormendi and MeGuire (1985and
Grier and Tullock (1989jind that countries with higher volatility expemige higher growth rate.
Rafferty (2005)shows that expected volatility raises growth whuaexpected volatility
diminishes growth. His results also illustrate ttie joined impact of expected and unexpected
volatility reduces long-term growth most of the ¢éimnd for many countries.

In the same line of the study of the relationshgiween business cycle and growth,
researchers have recently considered the link le#tvexchange rate volatility and growth in
general and between exchange rate volatility anduymtivity in particular. For the exchange rate
volatility-growth nexus, studies show that it canlimth positive and negative. In the first place,
exchange rate volatility acts positively on grovathallowing the use of very flexible monetary
policy instruments in case of asymmetric shoksedman (1953)) In the second place, a
negative relationship can occur due to the inedfitiforeign exchange markets in developing
countries and to the uncertainty introduced bywviblatility of the macroeconomic environment
Exchange volatility can have an ambiguous effecgmwth by changing the relative costs of
production(Klein et al. (2003)).Exchange rate instability can also have a vagusaaihon
investment, inventories and employment by decrgatie credit available from the banking
system. Exchange volatility can have a negativecefbn growth by raising interest rates and
increasing inflation instability. Exchange rate erainty can harm trade and consequently
growth by increasing transaction rig&rier and Smallwood (2007)Bome authors argue that, in
developing countries, real exchange rate instgbdduld have a more bad impact on growth

because of low financial development and the psef dollarization. Real exchange rate

80



Chapter 2: The Effects of Real Exchange Rate \ityatinh Productivity Growth

variations alter market signals and lead to anficieft allocation of investmer(iGuillaumont
(1999)) Real exchange rate variations can also acts imeyabn investment by the uncertain
environment it generates. In fact, an unstable @ton situation created by exchange rate
volatility can push economic agents to lose comitdein government policies which could
damage the expected return on investment and #udwse growth. For the empirical literature,
Drautzburg (2007Y¥ind a significant negative impact of real exchamgte instability on growth
for low-income countries while the effect for higieome countries is ambiguouSchnabl
(2007)also discover a negative link between exchangewalatility and growth for a sample of
41 countries at the European Monetary Union peripfrem 1994 to 2005.

In the literature, there are two papers that stilgyrelationship between exchange rate
volatility and productivity growth:Aghion et al. (2006)and Benhima (2010)Aghion et al.
(2006)use a panel of 83 countries from 1960 to 2000y Timel that real exchange rate volatility
can have a non-negligible effect on productivitpwth, and the impact is function of the level
of the financial development of the countries. Eamie rate volatility acts negatively on
productivity growth in countries with low levels bhancial development while it has no effect
on countries with high levels of financial develaggrh Benhima (2010@rgues that the effect of
exchange rate flexibility on productivity can aldepend on liability dollarization. In a panel of
76 countries going from 1995 to 2004, he discovkas the negative impact of exchange rate
flexibility on productivity is more pronounced imantries with high degree of dollarization.

Like these two previous studies, this chapter eram)i empirically, the relationship
between real exchange rate volatility and proditgtigrowth. But it differentiates itself in the
following way. Firstly, in the previous literaturproductivity growth is measured as the ratio of

real output per worker. Thus the variable usedpi@ductivity growth is a measurement of
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partial productivity. To solve this problem, weroduce a new measurement of total factor
productivity growth derived from the stochastic gwotion frontier literaturéKumbhakar and
Lovell (2000)) Secondly, to take account the potential nonlireféects of real exchange rate
volatility on productivity growth, the previous wa& use an interaction of real exchange rate
volatility and financial development. There is nmigem with this econometric method but it
only captures the nonlinearity in the variables. Sajve this, we utilize thédansen (1999)
method of estimating thresholds effects in non-dyisapanel data. This method allows us to
take account the potential existence of nonlingafihirdly, we introduce two measurements of
real exchange rate volatility that have not beeedusefore. The first of these is the standard
deviation of the residuals of the REER regressedsolagged value and a tendency. The second
measure is based on the Fano Factor (ratio ofahance and the mean of a random process in
some time window). The results show, first, thatl mxchange rate volatility affects negatively
productivity growth. Robustness analysis demoresrahat this outcome is corroborated by
estimations using an alternative measurement éfeféactive exchange rate volatility and on
subsamples of developed and developing countriesed¥er, for developing countries the
negative effect of real effective exchange rateatidtly is very large.Second, the results
illustrate that the effect of real exchange ratiatidy on productivity depends on the level of
financial development. For very low levels of ficgal development, real exchange rate
volatility has no effect on productivity growth. Fmoderately financially developed countries,
real exchange rate volatility reacts negatively mmoductivity and for highly financially
developed countries, real exchange rate volatildg no effect on productivity. The intuition
behind this result is that countries that are podithancially developed do not have the

infrastructure (high capital stock, high investmdatge financial connections) to make them
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vulnerable to REER volatility. They need to becamlédtle large for REER volatility to play. In
contrast in countries that are moderately finahci@éveloped, the financial tissue is fairly large
and many firms are connected financially. Hence REBER volatility can harm the system.
Finally countries that are highly financially despéd have many insurance and protection
mechanisms that protect them against the detrirhefiéets of REER volatility.

The remaining of the chapter is organized as fallSection 2.2 deals with the stylized
facts on real effective exchange rate volatilityl gamoductivity growth, section 2.3 presents the
econometric models and estimations methods, se@ibranalyzes the data and variables of

interest. Section 2.5 gives the results and thepkas concludes.
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2.2 Stylized Facts on Real Effective EXxchange Rate

Volatility and Productivity Growth

In this section, we give some stylized facts onRIEE=R and TFPG.

Map of TFPG in the World for the Overall Period 1872004

Figure 2.1 provides the map of total factor produtgt growth (TFPG) in the World for
the entire period 1975-2004. The blue color desemthe magnitude of productivity. The More
the color is darker; the more productivity is highindicated by the legend at the bottom left of
the graph. This legend classifies the countrigeim main categories. The figure shows that the
top productive nations are: Switzerland, GermanmylaRd, Italy, Japan, South Korea, Pakistan,
India, China ... This top group comprises many Weskuropean economies very well known
for their advanced technological progress. Them aso Latin American countries and Sub-
Saharan African countries in these top productienemies (Brazil, Mexico, Gabon, Malawi
and Swaziland to name a few). Except some countheés classification generally corresponds
to the intuition. After this top category, the sedagroup of productive countries is: Australia,
Austria, Belgium, Bangladesh, Iran Islamic Repulitienya, Mali, Ecuador, etc. The third group
consists of: Argentina, Bolivia, Chile, Canada, €dtlvoire, Cameroon, Sri Lanka, Malaysia,
Greece, Portugal ... The least productive nationkidec Gambia, Guinea-Bissau, Mauritania,
Lesotho, Senegal, Colombia, Haiti, Paraguay, elés Tast group contains mostly African and

Latin American countries well known for their lagktechnological knowledge.
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