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Abstract

This dissertation comprises three essays, each exploring distinct aspects of exchange rates

and their economic implications. The first chapter investigates the impact of exchange rate

misalignment on structural transformation, broadly defined as the process of reallocating

labor from low- to high-productivity sectors, which serves as a mechanism for economic

growth. Utilizing data from the GGDC 10-sector and ETD 12-sector databases, as well as

UNIDO’s 23 manufacturing sectors (classified into three technology-based categories), we

explore whether exchange rate misalignment indices contribute to structural change and,

consequently, economic growth. Our findings indicate that undervaluation does not appear

to play a critical role in promoting growth-enhancing structural change. The results are

inconsistent across various misalignment estimation techniques and different model specifi-

cations.

The second chapter examines the impact of changes in industry-specific effective real ex-

change rates (IERER) on industry-level investment. We analyze how variations in industry-

specific export intensity and import competition influence the long-run relationship between

exchange rates and investment. Our analysis is based on data from 12 manufacturing in-

dustries across five European countries—Germany, Italy, the Netherlands, Norway, and the

United Kingdom—covering the period from 2007 to 2017. The results indicate that in

industries with low export intensity, a depreciation in IERER (i.e. an increase in price

competitiveness) leads to a decline in investment. However, for industries with high export

intensity, we find no significant effect from IERER depreciation, suggesting that industries

heavily engaged in exporting do not reduce their investment levels following a depreciation

in IERER. Additionally, we find that variations in import competition do not substantially

alter the impact of exchange rate fluctuations on investment decisions.

Finally, the third chapter revisits the issue regarding the uncovered interest rate parity

(UIP) puzzle and the associated excess average returns of currency carry trade strategies.

The UIP puzzle, which posits that interest rate differentials should be balanced by exchange

rate movements, is contradicted by empirical evidence. This discrepancy has led to the

xii



widespread adoption of currency carry trade strategies in financial markets. Our investi-

gation focuses on identifying key variables that contribute to UIP violations. We propose

a novel regime-switching model with time-varying transition probabilities, integrating vari-

able selection using the horseshoe prior to choose relevant factors from eight macroeconomic

variables. Our findings reveal three major predictors—TED spread, term spread, and con-

sumption growth of the U.S. economy—as significant predictors affecting regime shifts within

the UIP puzzle.
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Chapter 1

The Real Exchange Rate Misalignment and Economic

Growth: Exploring Structural Change Channel

1.1 Introduction

The real exchange rate (RER) is a crucial variable in open economies, and its influence on a

country’s economic performance is broadly recognized. Numerous studies have explored the

effects of RER misalignment, either as overvaluation or undervaluation, on economic growth,

yet a consensus on the issue remains elusive. Reflecting the complexity of this issue, several

research findings indicate that RER misalignment adversely affect economic growth (Aguirre

and Calderón, 2005; Cottani et al., 1990; Dollar, 1992; Ghura and Grennes, 1993; Nouira

and Sekkat, 2012; Razin and Collins, 1997; Schröder, 2013; Williamson, 1990). These studies

primarily focus on the negative effects of overvaluation on economic growth, while neglecting

the effects of undervaluation. However, in light of the East Asian growth experience, a new

wave of empirical studies challenged this traditional view. This evolving perspective increas-

ingly supports a positive relationship between a more competitive currency and economic

growth (Berg et al., 2012; Berg and Miao, 2010; Di Nino et al., 2011; Domac and Shabsigh,

1999; Gala, 2007; Gala and Libanio, 2010; Glüzmann et al., 2012; Guzman et al., 2018; Habib

et al., 2017; Hausmann et al., 2005; Levy-Yeyati et al., 2013; Prasad et al., 2007; Rapetti,

2011). This effect is more pronounced in emerging economies (Razmi et al., 2012; Rodrik,

2008; Vieira and MacDonald, 2012).1

Despite considerable evidence documenting the influence of RER undervaluation on long-run

economic growth, the precise mechanisms involved remain unclear. An undervalued RER can

benefit the economy by enhancing the industrial sector; primarily through the reallocation of

resources from non-tradable to tradable sectors where technological spillovers, learning-by-
1For a comprehensive review of the literature on RER misalignment and its economic implications, see

Demir and Razmi (2022) and Rapetti (2020)
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doing, and increasing returns to scale are more prevalent (Cimoli et al., 2013; Di Nino et al.,

2011; Eichengreen, 2007; Freund and Pierola, 2012; Goya, 2020; Rapetti, 2013b; Rodrik,

2008). Additionally, maintaining a stable and competitive RER can accelerate structural

change and spur economic growth by compensating distortions caused by poor institutional

quality and market failures, which are common in developing economies (Guzman et al.,

2018; Rodrik, 2008). Other studies also reveal that RER undervaluation increases profit

margins by reducing real wages, thereby boosting savings, investments, employment, and

overall economic output (Gala, 2007; Glüzmann et al., 2012; Ibarra and Blecker, 2016; Levy-

Yeyati et al., 2013; Libman et al., 2019; Razmi et al., 2012).

This paper builds on existing research that examines the association between RER levels and

economic growth. We contribute to the literature by focusing on the mechanisms through

which a competitive RER can foster growth, an area that has received less attention in

prior studies. To do this, we begin by developing several RER misalignment indices that

quantify deviations from the theoretical equilibrium level, drawing upon international finance

literature. Defining undervaluation and accurately estimating the equilibrium RER are chal-

lenging due to the lack of a consensus on the best measurement method(s). After estimating

these indices, we confirm the previously reported positive relationship between RER under-

valuation and economic growth. We then analyze the influence of RER on structural change,

considering it as a possible transmission channel through which a competitive RER impacts

long-run economic growth. The crucial impact of structural change on economic growth and

productivity is well-documented in previous development literature (Chenery and Taylor,

1968; Diao et al., 2019; Kaldor, 1966; Kuznets, 1966; Lewis, 1954; McMillan et al., 2014; Ro-

drik, 2018). Structural change involves a dynamic shift in resource allocation from lower to

higher productivity sectors, resulting in increased overall productivity and economic growth.

Economies that manage to escape poverty and achieve higher levels of wealth are those that

shift resources away from agriculture and traditional economic activities. The speed of this

transformation is a critical factor in determining economic success (McMillan et al., 2014).

2



Understanding the influence of the RER on sectoral growth and the reallocation of resources

across sectors (i.e., structural change) has not been extensively studied. Specifically, our

research investigates whether pursuing a competitive RER facilitates the reallocation of

resources from low-productivity to high-productivity tradables. A competitive RER can

promote a shift towards more modern and complex activities by increasing profitability and

financing capacity for investment. This study utilizes a comprehensive database that covers

a broad range of advanced, emerging and developing, and low-income economies over an

extended period. In assessing the effect of RER on structural change and overall growth, we

begin with the Groningen Growth and Development Centre (GGDC)’s ten-sector dataset.

We then expand the analysis by incorporating a more detailed twelve-sector dataset, de-

rived from the combination of the GGDC/UNU-WIDER Economic Transformation Database

(ETD) and the Economic Transformation Database of Transition Economies (ETD-TE). The

industrial sector, particularly manufacturing, is often viewed as the key engine of economic

growth and crucial for driving structural change. Given its importance, our study focuses

on the manufacturing sector, using the United Nations Industrial Development Organization

(UNIDO) database. It is important to recognize that industry sectors consist of a highly

heterogeneous set of activities that vary widely in their skill, technological intensity, and

productivity. We also categorize manufacturing activities into low-, medium-, and high-tech

groups to analyze if a competitive RER facilitates structural change across these different

tech-intensity sectors. Based on our empirical analysis, we fail to find any robust evidence

to support the hypothesis that RER misalignment consistently promotes structural trans-

formation that enhances economic growth. The results vary across datasets and measures

of misalignment, with some showing positive and significant effects, while others showing

either insignificant or negative effects. Given these mixed findings, it is difficult to draw a

definitive conclusion about the overall impact of RER misalignment on structural change.

The paper is structured as follows: Section 1.2 provides a brief review of the literature on the

theoretical and empirical evidence linking exchange rate misalignment to growth, as well as

the mechanisms underlying this relationship. Section 1.3 discusses the specifications of the

3



RER function and the various methods for estimating RER misalignment. Section 1.4.1 and

Section 1.4.2 describes the data and RER misalignment measurement. The methodology

for the growth regression and its results are detailed in Section 1.4.3. Section 1.4.4 focuses

on structural change and its relationship with RER misalignment. The robustness tests are

provided in Section 1.5. Finally, Section 1.6 concludes the paper.

1.2 Literature Review

This section provides a concise overview of the evidence in the literature on the link between

RER misalignment and economic growth. Early research in development economics often

overlooked the impact of the real exchange rate on economic growth. In recent years, a grow-

ing recognition, supported by substantial evidence, has emerged regarding the real exchange

rate’s significant impact on economic growth, though the precise nature of this relationship

and its policy implications remain widely debated.

The neoclassical theory, including its variants such as the Washington Consensus, posits

that RER misalignment is a form of macroeconomic imbalance, which negatively affects

growth. This perspective argues that such misalignments, whether arising as overvaluation

or undervaluation, represent a disequilibrium in relative prices, leading to inefficient resource

allocation and a subsequent decrease in productivity and economic growth. While the initial

focus was primarily on the adverse outcomes of RER overvaluation, later studies extended

it to include undervaluation as well. This negative impact of RER misalignment comes not

only through overheating and inflationary pressures but also by limiting the resources avail-

able for domestic investment, further complicating the growth trajectory (Berg and Miao,

2010; Williamson, 1990). Reflecting the concerns raised by the Washington Consensus, the

adverse effects of RER misalignment on economic growth, irrespective of the direction of

the misalignment–whether through overvaluation or undervaluation–have been corroborated

by a body of empirical studies (Aguirre and Calderón, 2005; Cottani et al., 1990; Dollar,

1992; Gala and Lucinda, 2006; Ghura and Grennes, 1993; Razin and Collins, 1997; Schröder,
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2013).2 Specifically, Razin and Collins (1997) and Aguirre and Calderón (2005) find that

significant RER misalignment negatively affects economic growth. Complementing these

findings, Schröder (2013) offers additional evidence through an extensive analysis of 63 de-

veloping countries, utilizing annual panel data from 1970 to 2007. This investigation into the

impact of RER misalignment on economic growth underscores that deviations in the RER

from a level maintaining both external and internal equilibrium significantly hinder economic

growth. Together, these studies offer a comprehensive view of the negative impacts of RER

misalignment on economic development.

An alternative viewpoint, inspired by the growth experiences of East Asian economies, high-

lights that RER misalignment, specifically in the form of undervaluation, can positively

influence economic growth. Supported by a range of studies, this perspective challenges the

conventional view and suggests that strategic currency undervaluation may indeed foster

economic development, particularly in developing countries where these effects tend to be

more significant (Berg et al., 2012; Berg and Miao, 2010; Di Nino et al., 2011; Domac and

Shabsigh, 1999; Eichengreen, 2007; Gala, 2007; Gala and Libanio, 2010; Glüzmann et al.,

2012; Guzman et al., 2018; Habib et al., 2017; Hausmann et al., 2005; Levy-Yeyati et al.,

2013; MacDonald and Vieira, 2010; Prasad et al., 2007; Rapetti, 2011; Razmi et al., 2012;

Rodrik, 2008). Among these contributions, Rodrik (2008) is a cornerstone that has drawn

significant scholarly attention to the growth benefits of RER undervaluation. In his seminal

study, Rodrik (2008) highlight the crucial role of RER undervaluation in promoting pro-

ductivity and growth. He argues that in low- and middle-income countries, the growth of

tradable sectors are significantly hindered by institutional inefficiencies and market failures.

According to Rodrik (2008), strategic undervaluation of the RER, by increasing the relative

profitability of investing in the tradable sector, acts as an effective, albeit second-best, strat-
2These studies primarily focus on the adverse effects of RER misalignment on economic growth with

a particular emphasis on overvaluation’s more pronounced negative impact. While several of these inves-
tigations acknowledge and analyze the detrimental effects of both overvaluation and undervaluation, the
consensus points to a larger negative impact from overvaluation. However, it’s crucial to note that a subset
of these studies exclusively addresses the negative consequences of overvaluation, without addressing the
effects of undervaluation.
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egy to alleviate these distortions and facilitate growth in such economies. Similarly, Razmi

et al. (2012) and Rapetti (2011) demonstrate the positive impact of an undervalued RER

on output growth. Guzman et al. (2018) suggests that maintaining a stable and competitive

RER has the potential to drive developing economies towards diversification into sectors

characterized by more advanced technological content.

A number of studies, have explored the asymmetric and non-linear effects of RER mis-

alignment on economic growth (Aghion et al., 2009; Aguirre and Calderón, 2005; Béreau

et al., 2012; Nouira and Sekkat, 2012; Rapetti, 2011; Razin and Collins, 1997). Notably,

Aguirre and Calderón (2005) and Razin and Collins (1997) highlight the asymmetric and

non-linear impacts of RER misalignment on economic growth, indicating that overvaluation

typically hinders growth, whereas undervaluation has the potential to enhance it. More-

over, Razin and Collins (1997) demonstrate that the negative impact of overvaluation on

growth is more pronounced than the positive impacts of undervaluation, which decrease in

magnitude with greater degrees of undervaluation. Building on this, Aguirre and Calderón

(2005) provide further insights, showing that growth is progressively hindered by increasing

levels of overvaluation and significantly harmed by large undervaluations, yet small to mod-

erate undervaluations can actually foster growth. Adding to this discourse, the analysis by

Nouira and Sekkat (2012) on the asymmetric impact of RER overvaluation and underval-

uation on economic growth reveals ambiguous outcomes. The contrasting results challenge

the conventional view that undervaluation consistently promotes growth, showing instead

that its effects can range from positive, to negative, to insignificant. Similarly, the impact of

overvaluation on growth also displays inconsistency, with outcomes varying from negative to

at times insignificant. Additional studies have explored the robustness of the RER growth

association to measurement errors. For instance, MacDonald and Vieira (2010) constructed

seven distinct indices of RER misalignment and sequentially applied them as independent

variables in growth regression models. These analyses consistently reveal a significant and

positive link between RER competitiveness and economic growth, an effect particularly pro-

nounced in developing and emerging economies. These findings align closely with the work of
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Di Nino et al. (2011); Rapetti (2011); Rodrik (2008) which emphasize a stronger correlation

in developing countries.

Building upon the established link between RER misalignment and economic growth, it is

crucial to delve deeper into the underlying mechanisms that drive this relationship. The

following discussion focuses on elucidating the various channels through which RER mis-

alignment impacts growth, highlighting the intricate ways in which misalignment(s) can

influence long run economic development. One key mechanism that clarifies the link be-

tween an undervalued RER and economic growth involves higher savings and investments.

The idea is that RER undervaluation stimulates higher savings, leading to increased cap-

ital accumulation and growth. Diaz-Alejandro (1965) demonstrates that the saving rate

increases due to the redistribution of income from low-income workers, who have a lower

propensity to save, to high-income capitalists with a higher propensity to save. However,

his analysis also reveals a short-run contractionary effect of increased savings resulting from

RER depreciation. Levy-Yeyati et al. (2013) provide evidence supporting the expansionary

effect of depreciated exchange rates through enhanced aggregate savings and capital accumu-

lation. According to their findings, higher savings lead to productive domestic investments,

alleviating financial constraints for firms and enabling them to absorb surplus labor into

high-productivity industrial jobs, thereby contributing to growth. Additionally, Razmi et al.

(2012) develop a model that shows RER undervaluations promote capital accumulation and

investment growth, especially in developing countries. Similarly, Gala (2007) underscores

the critical role of currency devaluation in encouraging investment and economic growth,

arguing that an undervalued currency results in higher tradable prices, reduced real wages,

increased profit margins, and, consequently, more investment. Furthermore, another signifi-

cant aspect to consider is the potential negative impact of RER depreciation on companies

with foreign-currency debt as detailed by Krugman (1999).

Another crucial mechanism linking RER misalignment to economic growth is the reallocation

of resources towards the tradable sector, driven by profitability. A competitive real exchange
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rate boosts the profitability of investments in the tradable sector, which not only supports the

development of infant industries but also facilitates structural change. This transition results

in a reallocation of resources towards sectors associated with higher productivity, which

benefit from learning-by-doing, innovative opportunities, and increasing returns to scale.

Rodrik (2008) suggests that sustained real depreciation alleviates market and institutional

failures in the tradable sector and stimulates economic growth. Similarly, Gala and Libanio

(2010) argue that competitive currencies contribute to economic growth by boosting the

industrial sector, benefiting from increasing returns and productivity. From a Kaldorian

perspective, they posit the industrial sector as the primary driver of growth, with currency

undervaluation serving as a strategic tool to support this. Moreover, Razmi et al. (2012)

highlight the significance of RER undervaluation for employment levels and its potential to

drive sustained capital accumulation and economic growth. A depreciation in RER results in

higher profits in the tradable sector, prompting a shift of resources from traditional to modern

sectors, thus increasing employment and productivity levels, and consequently, fostering

growth. Expanding upon these insights, Rapetti (2013a) suggests that exchange rate policy

would be more effective if implemented alongside domestic demand management policies.

This combined approach helps prevent increases in non-tradable prices and wages, which

could otherwise undermine the profitability of tradable goods within the development path.

An essential factor influencing the profitability of the tradable sector is the relative price of

tradable goods compared to non-tradable goods and labor costs. However, a competitive

RER policy alone primarily affects the price of tradable goods and lacks direct influence

over the prices of non-tradable goods and wages. Therefore, implementing complementary

policies is imperative to spur economic growth. In line with this, Guzman et al. (2018)

argues that maintaining a stable and competitive RER promotes economic diversification

and structural change toward activities with higher learning and technological spillovers in

developing economies.

Shifting our perspective to firm and sectoral-level empirical evidence, we explore how this

supports the channel discussed. McMillan and Rodrik (2011) show that RER undervaluation
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favors structural transformation toward modern tradables and the flow of labor from low-

productivity to high-productivity tradable activities. Vaz and Baer (2014) find that an

undervalued currency positively affects the manufacturing sector growth in Latin America.

Freund and Pierola (2012) demonstrate that increases in manufacturing exports tend to

be preceded by a sizeable RER depreciation in developing countries. The distortion in

developing countries leads to limited entry into new export markets; RER depreciation

alleviates this distortion and encourages the reallocation of resources into the export sector,

thereby enhancing the efficiency of production structures and creating more jobs. Cimoli

et al. (2013) suggest that RER depreciation initiates an export surge, rapidly upgrading the

export structure toward products intensive in technology and innovation, thus contributing

to long-term economic growth. Caglayan and Demir (2019) investigate the effect of RER

changes on trade flows, considering the skill content and direction of products in a North-

South framework. Their results indicate that higher RER positively affects medium-skill,

low-skill, and resource-intensive exports, but has no effect on high-skill or primary goods.

Further exploring these dynamics, a growing number of empirical studies have revealed

how the heterogeneous firms’ responsiveness to real exchange rate movements results in low

aggregate elasticity of exports to these fluctuations. High-productive firms often choose to

partially absorb exchange rate fluctuations in their markups, whereas less productive firms

increase their export volume following the exchange rate movement, as shown by (Berman

et al., 2012; Chatterjee et al., 2013; Melitz and Ottaviano, 2008). Specifically, Chatterjee

et al. (2013) observe that more productive firms react to a RER depreciation by increasing

their product range and raising producer prices for their core products. Berman et al. (2012)

find that high-productivity firms increase their markups significantly rather than their export

volumes following a RER depreciation.

An additional important mechanism demonstrates the link between the RER and the bal-

ance of payment constraint. The balance of payments constraint growth model (BPCG),

first introduced by Thirlwall (1979), posits that a country’s long-run growth equals the ratio

of income elasticity of demand for exports to the income elasticity of import demand. He
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emphasizes that aggregate demand plays a pivotal role in growth through the balance of pay-

ment constraint. To address the balance of payment difficulties, demand can be increased by

making exports more appealing and reducing the income elasticity of demand for imports.

However, several recent papers have criticized the logic of Thirlwall’s law. Blecker (2016)

reviews these critiques, which include factors such as foreign income growth, capital accumu-

lation, relative prices, and country size in the BPCGmodel. Razmi (2016) asserts that capital

accumulation and relative prices are the essential criteria for determining the growth rate

consistent with the external balance. Additionally, a higher investment rate in the tradable

sector can stimulate exports, increasing the growth of imports and output without causing

disequilibrium in the current account. Bresser-Pereira et al. (2014) show that both demand

and supply-side variables determine the effects of the RER on the balance of payments con-

strained growth. They suggest that RER undervaluation (overvaluation) tends to increase

(decrease) the profitability of the tradable sector and capital accumulation, thereby relax-

ing (worsening) the balance of payments constraints and promoting (aggravating) growth.

Porcile and Lima (2010) propose a balance-of-payments-constrained macro-dynamic model

where the interaction between the real exchange rate and labor supply elasticity determines

economic growth. This model considers that foreign and domestic capital goods are com-

bined in fixed proportions. Consequently, the investment rate, capital accumulation, and

output growth depend on importing foreign capital goods financed by the export of domes-

tic goods, which in turn depends on the RER. The elasticity of labor supply plays a critical

role in preventing RER appreciation, thus releasing balance of payments constraints and

enhancing the effectiveness of industrial and technological policies in promoting economic

growth.

Our research contributes to the existing literature by investigating the mechanisms that

connect the real exchange rate to economic growth, particularly emphasizing the role of

exchange rate misalignment in driving structural transformation. We utilize sectoral-level

data to thoroughly analyze these dynamics.
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1.3 Theoretical Analysis

1.3.1 The Real Exchange Rate: Concept and Measurement

The real exchange rate is defined in two primary forms: external and internal. The external

RER compares the relative value of currencies across countries by evaluating the relative

price of baskets of goods consumed or produced. The internal RER is the ratio of the

domestic price of tradable to non-tradable goods within a country or the relative prices of

non-tradable to imports and exports (Hinkle and Montiel, 1999). In theory, the internal

approach is superior to the external one; however, it is not very commonly used in empirical

studies because of limited data availability of tradable and non-tradable price levels across

countries and time.

There are several measures to calculate RER empirically and the most standard one is as

follows:

RERt = et
P ∗

P
(1)

where et is the nominal exchange rate (the price of foreign currency in terms of home cur-

rency), P and P ∗ are price indexes in domestic and foreign markets respectively. Considering

price indexes as a geometric average price of traded and non-traded goods we can define in-

ternal RER as follows:

RERt = et
(PN∗

t )α∗
.(P T ∗

t )(1−α∗)

(PN
t )α.(P T

t )(1−α) (2)

From the perspective of a small open economy, it is typically assumed that the economy is

a price taker in international markets. Consequently, if the law of one price holds for traded

goods and the price indexes are identically constructed in both the domestic and foreign

markets, the price of tradable goods is effectively determined by the international market
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and can be normalized to unity, then Equation (2) simplifies to:

RERt = P T

PN
(3)

Choosing the right measure of RER depends on both the theoretical perspective and data

availability. Consumer price index (CPI) and GDP deflator put more weight on nontraded

goods; in contrast, producer price index (PPI) and wholesale price index (WPI) assign more

weight on traded goods. If the internal balance in the economy has a higher priority, then a

measure that captures the relative prices of nontradables to tradables, proxied by the ratio

of CPI to PPI, will be better fit.3

1.3.2 The Equilibrium Real Exchange Rate: Concept and Measurement

The RER misalignment is measured by the deviation of actual RER from its equilibrium

value. Therefore, the identification of misalignment is dependent on the equilibrium level

of RER, which is not that easy to pin down. Nurkse (1945) defines the equilibrium RER

as the value that maintains internal and external balance simultaneously. For Williamson

(1983) the equilibrium RER is the onethat generates a current account surplus or deficit,

equal to the underlying capital account. Driver and Westaway (2003) define three types of

equilibrium RER according to the time horizon. The short-run equilibrium is the exchange

rate at which fundamental determinants are at their actual values after abstracting from the

influence of random shocks. The medium-term equilibrium is the exchange rate compatible

with the economy’s internal and external balance. The long-run equilibrium corresponds to

the point at which stock-flow equilibrium is achieved, and there is no endogenous tendency

for the economy to change.

There are two broad categories of equilibrium RER measures: i) the direct estimation where

a reduced-form equation with the RER as a function of fundamental determinants is used
3For further discussion, see Chinn (2006).
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to derive the equilibrium RER (where the behavioral equilibrium exchange rate, BEER, is

the most popular approach). ii) structural models, where the equilibrium exchange rate

maintains internal and external macro balances (including the Fundamental Equilibrium

Exchange Rate, FEER, and the Natural Equilibrium Real Exchange Rate, NATRX, ap-

proaches). In the next section, we present an overview of some of the approaches for esti-

mating the equilibrium exchange rate.

The Purchasing Power Parity Approach

The first traditional concept for equilibrium real exchange rate is the Purchasing Power

Parity (PPP) introduced by Cassel (1918, 1925). The PPP theory’s fundamental condition

is the law of one price, which states that under perfect competition (no tariff or trade barrier

and no transportation cost), the price of all identical goods internationally traded should be

the same in any country when converted into a common currency.

Pi = P ∗i E (4)

where Pi is the domestic price for good i, P ∗i is the foreign price good i, and E is the

nominal exchange rate expressed as the domestic price of foreign currency. The PPP theory

generalizes the law of one price and posits that given the common currency, the price level

of a basket of similar products in any country will always be the same, known as absolute

PPP, expressed as:

Pt = P ∗t E (5)

where Pt and P ∗t are the prices of the identical basket of goods in the domestic and foreign

countries, respectively, and E is the nominal exchange rate. Even though absolute PPP may

not hold in practice due to impediments like trade barriers or transportation costs, PPP

is expected to hold in relative terms since price levels determine the equilibrium exchange
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rate. According to relative PPP theory, the nominal exchange rate adjusts to offset changes

in relative inflation rates, and the real exchange rate would be constant in equilibrium and

unchanged over time. The PPP is often indicated as the long-run equilibrium exchange rate;

in the short-run, due to price rigidity, the nominal exchange rate may deviate from PPP rate,

which is considered under or overvaluation of the domestic currency (Rogoff, 1996; Sarno

and Taylor, 2002; Taylor and Taylor, 2004; Taylor, 2006).

One modification of the PPP approach is due to the distinction between tradable and non-

tradable goods. The prices of non-tradable goods and services relative to tradable prices in

developing economies tend to be lower since wages are lower in these countries. According

to the Balassa-Samuelson effect (Balassa, 1964; Samuelson, 1964), the productivity in trad-

able sectors rises faster than productivity in the non-tradable sectors as economies develop.

Assuming high labor mobility, productivity improvement in the tradable sector leads to the

expansion of the tradable sector, consequently, higher wages and higher prices of the non-

tradable sectors in high-income countries. Furthermore, a developing country’s RER tends

to appreciate, as the productivity in the tradable sector in a developing country catches up

with that of a developed country. The empirical studies via cross-section data support the

positive association between real exchange rate and per capita income as a representative

for productivity. Hence, the equilibrium relationship between RER and relative GDP per

capita levels can be derived by cross-section regression residuals (Isard, 2007).

The Fundamental Equilibrium Exchange Rate

The fundamental equilibrium exchange rate (FEER), first proposed by Williamson (1983,

1994), assumes that the equilibrium exchange rate is consistent with maintaining both in-

ternal and external balances simultaneously. The internal balance is interpreted as when the

economy operates under full employment and a low inflation rate. The external balance is

characterized as when the current account is sustainable. Several other studies, including

Cline et al. (2010) and Cline (2008), define FEER as an exchange rate expected to gener-

ate a current account surplus or deficit that matches the country’s underlying capital flows
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to achieve internal balance. As shown by MacDonald (2000) and Clark and MacDonald

(1998), there are two approaches to estimate the FEER, to either set the current account

equation equal to a sustainable capital account or impose external and internal balance

on the estimated macroeconomic model. There are challenges and limitations regarding this

approach in practice, Driver and Westaway (2003) indicate the analytical issue FEER frame-

work is faced with due to possible fluctuations in net foreign asset return. Moreover, the

FEER framework assumes there are no constraints on trade and capital flow in the economy,

making the estimation of equilibrium exchange rate difficult (Cline et al., 2010). Another

criticism related to the FEER is that it may lead to inaccurate equilibrium exchange rate

estimation due to sensitivity to the trade elasticity.

The Natural Equilibrium Exchange Rate

Another method to calculate the equilibrium exchange rate is the natural real exchange rate

(NATREX) developed by Stein (1995). It is theoretically grounded on a dynamic stock-flow

model. It is very similar to the FEER approach in that the NATREX is defined as the RER

that secures both internal and external balances delineated by natural unemployment and

equilibrium balance of payment, respectively. Stein (1999) suggests two forms of NATREX

equilibrium. In the medium-term, the NATREX ensures internal equilibrium (when the

output gap is zero in the economy) and external equilibrium (when the current account

balance is sustainable). In the long run, capital stock and net foreign assets/debt reach their

steady-state level, and interest rates at home abroad are equal.

The Behavioral Equilibrium Exchange Rate

The Behavioral Equilibrium Exchange Rate (BEER) methodology explains equilibrium ex-

change rate’s behavior based on some fundamental macroeconomic variables (Clark and

MacDonald, 1998). This approach confirms that the real exchange rates’ main determinants

are current and capital account items of the balance of payments (MacDonald, 2000). The

estimation of the BEER model is based on the basic concept of arbitrage condition of uncov-

ered interest rate parity (UIP), which holds under perfect capital mobility, free trade, and
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rational expectation:

Et(rert+1)− rert = −(rt − r∗t ) (6)

where rert+1 and rert are the RER at time t and t+1 ,respectively, rt and r∗t are the domestic

and foreign real interest rates and Et indicates the expected value at time t. By rearranging

the terms in equation 6, the observed RER in time t is a positive function of the expected

value of next period RER (equilibrium RER in the absence of any shocks to the domestic

and foreign economies) and the current real interest rate differential:

rert = E(rert+1) + (rt − r∗t ) (7)

Therefore, the unobserved expected value of RER is assumed to be determined by a vec-

tor of the long-run economic fundamentals, and the actual RER depends on both these

fundamental drivers and real interest-rate differential (Clark and MacDonald, 1998).

1.4 Empirical Analysis

1.4.1 Data

This section provides a comprehensive overview of the datasets utilized in our analysis. We

begin with data from the Penn World Table (PWT) and World Development Indicators

(WDI), which are used to examine exchange rate misalignment and economic growth. Next,

to focus on structural change, we will discuss data from the GGDC 10-Sector Database and

the GGDC/UNU-WIDER Economic Transformation Database. Lastly, we focus on manu-

facturing sector data obtained from the United Nations Industrial Development Organization

(UNIDO).

To define the extent of misalignment, we estimate the long-run relationship between the real

exchange rate and its determinants. Our analysis relies on data from the Penn World Tables

(PWT 9.1) and the World Bank’s World Development Indicators (WDI), which together

cover 175 countries from 1950 to 2017. The RER is calculated as the inverse of the price
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level of GDP (pl_gdpo). To compute the equilibrium exchange rate, we follow the literature

and include the following controls: GDP per capita (GDPo/POP), and terms of trade, defined

as the ratio of a country’s export price index to its import price index, both sourced from

PWT. Government spending, measured as the share of government consumption in GDP, is

extracted from the World Bank’s WDI database, while the variable NFA, constructed as the

ratio of the net foreign assets position to GDP, is from Lane and Milesi-Ferretti (2017).

In analyzing economic growth, we consider a variety of variables that are commonly used

in the literature to maintain consistency and comparability. Our dependent variable is the

growth rate of real GDP per capita, calculated as the 5-year geometric average of the log

difference of GDP per capita. To account for conditional convergence, we use the initial value

of GDP per capita at the start of the 5-year period. Government burden is measured by the

ratio of government consumption to GDP, with data sourced from the WDI. Investment is

represented by gross capital formation as a percentage of GDP, also from the WDI. Human

capital is proxied by the average years of schooling, as reported by the PWT. Additionally,

we include terms of trade to account for external factors affecting growth, also sourced from

the PWT. Table 1 provides a summary of the main variables, their sources, and methods

employed to calculate RER misalignment. Additionally, Table A4 in the Appendix shows

the descriptive statistics on growth and misalignment variables.

Our measures of structural change are from three sources: the Groningen Growth and De-

velopment Center (GGDC),4 the Economic Transformation Database (ETD),5 6 and the

United Nations Industrial Development Organization (UNIDO). The GGDC database, the

2014 version, encompasses the 10 main sectors, representing the entire economy, Table 2 pro-

vides a detailed list of the industries included. A significant advantage of the GGDC data is

its extensive coverage of employment and value added at the sector level from 1960 to 2010,
4Data available for download at[https://www.rug.nl/ggdc/structuralchange/previous-sector-database/10-

sector-2014].
5Data available for download at [https://www.rug.nl/ggdc/structuralchange/etd-transition-economies].
6Data available for download at [https://www.rug.nl/ggdc/structuralchange/etd/].
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and for some countries, up to 2013. The database includes annual data on gross value added

at both current and constant prices, as well as the number of workers, which is based on

the broadest employment concept, including self-employed individuals, family workers, and

other informal workers Timmer et al. (2015). Summary statistics for the GGDC 10-Sector

dataset are presented in Appendix Table A5.

Additionally, we utilize a combined dataset from the GGDC/UNU-WIDER Economic Trans-

formation Database, including the 12-Sector versions of 2021 (Kruse et al., 2023) and the

Economic Transformation Database of Transition Economies (ETD-TE) version of 2023

(Hamilton and de Vries, 2023), which are successors to the GGDC 10-Sector Database. The

ETD, built from primary data sources rather than simply updating the existing sectoral

dataset’s time series, offers enhanced coverage of low-income developing countries. It identi-

fies 12 sectors based on the International Standard Industrial Classification revision 4 (ISIC

rev 4), collectively representing the entire economy, and includes time series data extending

up to 2018. A detailed list of the industries included in these versions can be found in Ta-

ble 3. For further insights, summary statistics for these datasets are provided in Appendix

Table A6. The GGDC/UNU-WIDER Economic Transformation Database offers compre-

hensive data on Africa, Asia, and Latin America. The dataset consists of 51 countries at

varying levels of economic development: 20 Asian, 9 Latin American, 4 Middle-Eastern and

North African (MENA), and 18 sub-Saharan African economies. Furthermore, the ETD-TE

dataset enhances this geographic coverage by providing a balanced panel of internationally

comparable sectoral data on output and employment for fourteen former-Soviet Republics.

This combined dataset enables a comparative analysis of growth and structural transforma-

tion across these diverse regions. The countries and their respective geographical regions

are detailed in Table A1. The Economic Transformation Database provides annual data on

gross value added at both real and nominal prices from 1990 to 2018. The value added data,

derived from National Accounts, account for income from both formal and informal activi-

ties, ensuring high international comparability. Employment data in the ETD includes all

individuals engaged in work, encompassing paid employees, self-employed individuals, and
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family workers aged 15 years and older, thus covering both formal and informal sectors.7

Given the pivotal role of the manufacturing sector in driving economic development and

productivity growth, our analysis focuses extensively on this area. We use the UNIDO In-

dustrial Statistics Database (INDSTAT2), which includes time series data at the 2-digit ISIC

Revision 3 level from 1963 to 2017. This database offers comprehensive value-added and em-

ployment statistics for the manufacturing sector, covering 23 industries. The list of these

industries and their classification by technological intensity are detailed in Table 4. The

data from UNIDO are derived from industrial surveys, but the extent of coverage varies by

country. In developed countries, these surveys typically include all establishments, whereas

in developing countries, they often exclude smaller enterprises with fewer than 5 or 10 em-

ployees. Despite these discrepancies, the data remain valuable for comparative analysis. The

list of countries within this dataset used in our analysis is presented in Table A3.8

1.4.2 The Real Exchange Rate Misalignment Estimation

In this section, we explore the methods for measuring RER misalignment that we apply in

our analysis. The RER misalignment is defined as the deviation of the observed RER from

its equilibrium level, shown in Equation (8):

ln(Misit) = ln(RERit)− ̂ln(RERit) (8)

where ln(Misit) represents the degree of currency misalignment, RERit denotes the real

exchange rate, defined as units of home currency per unit of foreign currency. ̂ln(RERit) is

the predicted value of ln(RERit). An increase (decrease) in RERit indicates depreciation

(appreciation) of the real exchange rate, and a positive (negative) value of misalignment

refers to a currency undervaluation (overvaluation).

We adopted different model specifications to derive the RER misalignment index. To esti-
7For detailed documentation of the sources and methods, see De Vries et al. (2021).
8For both GGDC and UNIDO data, we measure productivity as value added per employee.
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mate the equilibrium RER, we define a model that associates RER to a set of its fundamen-

tals. In choosing RER determinants, we follow MacDonald (2000), and extend the model as

follows:

ln(RERit) = β0 + β1ln(GDPCit) + β2ln(GOVit) + β3ln(TOTit) + β4NFAit + νt + εit (9)

The Equation (9) includes the following explanatory variables:

• According to Balassa-Samuelson, productivity gains in traded goods production are

positively related to growth rate and tend to be higher in the tradable sector than

in non-tradable sector. We use relative GDP per capita as a proxy for productivity,

as it is available for many countries. The Balassa-Samuelson effect refers to the real

exchange rate appreciation that occurs following significant productivity growth in the

domestic tradable sector.

• The fiscal policy, captured by final government spending as a percentage of GDP

(GOV) can affect the real exchange rate through a composition effect (Froot and Ro-

goff, 1995; Hinkle and Montiel, 1999; Obstfeld et al., 1996). An increase in government

consumption, which is biased disproportionately toward non-tradable goods, leads to

a real exchange rate appreciation through an increase in demand for non-traded goods

and a rise in their prices. However, excessive government spending may have a destabi-

lizing effect on the economy and lead to currency depreciation (Meleckỳ and Komárek,

2007). In another study Ravn et al. (2012) argue that an increase in government

spending raises output and private consumption, leading to a depreciation of RER.

• A positive net foreign asset (NFA) position enables a country to run persistent trade

deficits; in turn, all else being equal, to sustain a negative net export balance in equi-

librium, the real exchange rate should appreciate. However, a country with significant

external liabilities must run trade surpluses to service the interest payments due, there-

fore, expected to experience a depreciated RER (Lane and Milesi-Ferretti, 2002).
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• The influence of terms of trade (TOT) on the RER is ambiguous due to the income

and substitution effect operating in the opposite direction (De Gregorio and Wolf,

1994). An improvement in terms of trade (increase in export prices relative to import

prices) leads to a positive income or wealth effect in the domestic economy; increasing

domestic demand will raise domestic prices and appreciate the real exchange rate. On

the other hand, by increasing the relative price of export to import, domestic agents

might shift their demand toward imported goods; therefore, the currency would have

to depreciate to restore the external equilibrium.

To construct the RER misalignment index, we implement six different model specifications,

shown in Table 5, and based on Equation (9). We start with the PPP adjusted by the Balassa-

Samuelson effect, which accounts for the fact that non-tradable goods are cheaper in lower

income countries. The standard approach to applying the PPP concept involves estimating

the relationship between price levels and per capita real income using linear regression,

following Rodrik (2008). We then expanded the model by incorporating additional RER

fundamentals to derive alternative measures of RER misalignment.

We also estimate an error-correction version of Equation (9) to calculate RER misalignment.

In this work, we use the panel Autoregressive Distributed Lag (ARDL) cointegration tech-

nique, as proposed by Pesaran et al. (2001, 1999); Pesaran and Smith (1995). This approach

is particularly reliable, as it performs well regardless of whether the variables are stationary

(I(0)), non-stationary (I(1)), or mutually cointegrated (Pesaran et al., 1999). We analyze

unit roots using IPS, PP, and ADF tests; however, some studies highlight that cross-sectional

dependence can bias standard panel unit root tests. To address this, we also employ the

cross-sectional augmented IM-Pesaran-Shin (CIPS) test (Pesaran, 2007), which is based on

augmented Dickey-Fuller regressions. This test accounts for cross-sectional dependence and

allows for heterogeneous autoregressive parameters across units. Table A7 in the appendix

reports the results of panel unit root estimations.9 There is a mix of I(0) and I(1) variables;
9Despite the conflicting results on the order of integration, we ran cointegration tests according to Pedroni

(1999, 2004) and Kao (1999). The results presented in Appendix Table A8 provide evidence of cointegration,
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therefore, the Panel ARDL approach would be particularly appropriate for our analysis. A

basic ARDL(py, px) model can be specified as follows:

yi,t = αi +
py∑
`=1

λ`,iyi,t−1 +
px∑
`=0

β`,ixi,t−` + ui,t (10)

where yit is the dependent variable (RER), xit is a k × 1 vector of explanatory variables.

The mean group (MG) estimator is based on estimating separate equations for each group

and computing an unweighted mean of coefficients across different groups (Pesaran and

Smith, 1995). It controls for complete heterogeneity across groups by allowing the intercept,

all the coefficients, and the error variance to differ across groups. An alternative method,

the pooled mean group (PMG) estimator developed by Pesaran et al. (1999), is based on a

cointegrated ARDL framework adapted for panel data. The PMG estimator enables the in-

tercepts, short-run coefficients, and error variances to differ across groups but constrains the

long-run coefficient to be equal. This estimator employs the maximum likelihood method to

estimate the long-run coefficients, capturing the pooling behavior of homogeneity restrictions

and short-run coefficients along with intercepts, and means of estimated error-correction co-

efficients by the averaging across groups. The third technique, the dynamic fixed effect

(DFE) estimator, is very similar to the PMG estimator. It assumes homogeneity in all co-

efficients (both short-run and long-run) across countries, except for the intercept, which is

allowed to be heterogeneous.

These three approaches, PMG, MG, and DFE, assume cross-sectional independence of the

residuals in their specifications, treating unobservable factors as a linear trend. However, if

an unobserved common factor correlates with the regressors, it will lead to incorrect inference

and inconsistent estimates using the ARDL approach (Chudik and Pesaran, 2013). To filter

out the effects of unobserved common factors, we employ the Cross-Section Augmented

as most of the Pedroni test statistics reject the null hypothesis of no cointegration, a finding corroborated
by the Kao test statistics, where the null of no cointegration is rejected in both models.
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ARDL estimator (CS-ARDL), as proposed by Chudik et al. (2016); Chudik and Pesaran

(2013). The CS-ARDL estimator is based on the following regressions:

yit = c∗yi +
py∑
`=1

φi`yi,t−` +
px∑
`=0

β′i`xi,t−` +
pz̄∑
`=0

ψ′i`z̄t−` + e∗it (11)

where c∗yi are fixed-effects which might be correlated with the regressors xit, z̄t = (ȳt, x̄′t)′,pz̄ =

[T 1/3]. The CS-ARDL estimates of individual mean level coefficient are as follows:

θ̂CS−ARDL =
∑px

`=0 β̂i`

1−∑py

`=1 φ̂i`
(12)

As discussed by Chudik et al. (2016), the main drawback of using the CS-ARDL approach

to compute the long-run coefficients is that, due to the inclusion of the lagged dependent

variable, a relatively large time dimension is required. Therefore, Chudik et al. (2016)

propose the cross-sectionally augmented distributed lag (CS-DL) approach to estimate the

long-run effect directly. The main advantage of the CS-DL approach is that it performs

better compared to CS-ARDL when the sample size is not too large.10

The CS-DL specification is given by:

yi,t = cyi + θ′ixit +
p−1∑
`=0

δi`∆xi,t−` +
pȳ∑
`=0

ωy,i`ȳt−` +
px̄∑
`=0

ω′x,i`x̄t−` + eit (13)

where x̄t = N−1 ∑N
i=1 xit, ȳt = N−1 ∑N

i=1 yit, and px̄, pȳ are the number of lags of cross-

sectional averages and set equal to the integer part of T 1/3.11 The long-run unit-specific

impacts are directly estimated and the mean group estimates are calculated as θ̄MG =
1
N

∑N
i=1 θ̂i.

10For detailed information on ARDL, CS-ARDL, and CS-DL, refer to Chudik et al. (2016); Chudik and
Pesaran (2013).

11The number of lags (i.e., three in this case) is chosen based on the integer part of T 1
3 .
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To determine the appropriate lag length, different authors have applied different approaches;

many studies have imposed a common lag structure for all units (Chudik and Pesaran, 2013),

while others have suggested that lag selection should be based on information criteria (Arnold

et al., 2011; De V. Cavalcanti et al., 2015). This study selected the optimal lag using the

Schwarz bayesian information criterion (SBIC), subject to a maximum lag of 3 for each

explanatory variables in the ARDl model. The optimal ARDL specification is found to be

(0,1,1,0); terms of trade and government expenditure should be modeled with one lag, while

net foreign assets and productivity should be modeled without any lag.

Table 6 reports our estimates of Equation (9), based on PMG, MG, and DFE approaches.

The results are broadly consistent with the literature. Regarding the long-run parameters,

terms of trade, GDP per capita, and net foreign assets carry the expected negative signs,

suggesting that they are positively (negatively) associated with RER appreciation (depreci-

ation). Conversely, an increase in government consumption is associated with RER depreci-

ation, which is only statistically significant in the MG estimation. The speed of adjustment

coefficient (i.e., the coefficient on the error correction term) is statistically significant and

negative (-0.104), indicating that in the case of disequilibrium, the model will return to

equilibrium with an adjustment speed of 10%. For all specifications, the CD test rejects the

null hypothesis of only weak dependence of the residuals and provides evidence of strong

cross-sectional dependence. As discussed previously, the presence of cross-sectional depen-

dence (the assumption that residuals are independent across countries does not hold) makes

the estimates from the PMG, MG, and DFE approaches biased. To address this issue, we

estimate the CS-ARDL and CS-DL models, which include additional lagged cross-sectional

averages of both dependent and independent variables (up to 3 lags) in Table 7.

The CS-ARDL results indicate that only net foreign assets and government expenditure are

significant, with the former being negative and the latter positive.The speed of adjustment

coefficient is negative and statistically significant, indicative of a stable long-run relationship

between the real exchange rate and the right-hand side variables in the equation Equation (9).
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In the CS-DL estimation, terms of trade and net foreign assets display the expected negative

sign. GDP per capita, used as a proxy for productivity is significant and positive, suggesting

that an increase in productivity will lead to a depreciation of the real exchange rate. This

finding contrasts with the majority of the literature. Tipoy et al. (2016) find a positive and

statistically significant relationship between RER and productivity (GDP per capita), while

Demir and Razmi (2022) also find a positive sign for the Balassa-Samuelson effect when

including country fixed effect. Kamar and Ben Naceur (2007) suggests that the expected

sign of the Balassa-Samuelson proxy cannot be determined a priori, as it relates to how

consumption is allocated between tradable and non-tradable goods. Breitenbach et al. (2017)

finds that an increase in relative productivity leads to a depreciation of the real exchange

rate for emerging countries, implying the absence of the Balassa-Samuelson effect for most

emerging countries. As depicted in Table 7, under both CS-ARDL and CS-DL estimates, the

Pesaran (2015) CD test indicates a significant decrease in cross-sectional dependence, as the

null hypothesis of weak cross-sectional dependence cannot be rejected. This suggests that

any cross-sectional dependence caused by common factors has been adequately addressed.

To construct the equilibrium RER, we begin by decomposing the fundamentals into per-

manent (trend) and transitory(cyclical) components using the Hodrick-Prescott (HP) filter

Hodrick and Prescott (1997). The permanent component of each fundamental represents

sustainable levels that persist over time, whereas the transitory components decay more

rapidly. We then utilize the permanent components of the RER fundamentals in the esti-

mated version of the RER model denoted by Equation (9).12

RERE
it = δ̃i + β̂′F S

it (14)

where the vector F S
it refers to the sustainable fundamentals, given by the permanent compo-

12Equation (9) is estimated using various specifications, including Pooled Mean Group, Mean Group,
Dynamic Fixed Effects, Cross-Sectional Augmented ARDL, and Cross-Sectional Augmented distributed lag
models.
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nents of the fundamentals and the parameter δ̃i is a scaled country-specific intercept term,

which is given by:

δ̃i = RERi − β̂′F̄ S
i (15)

where RERi denote the mean values of actual RER and F̄ S
i is the vector of the average of

the permanent components RER fundamentals. The scaled intercept term ensures that the

expected value of the RER misalignment index over time must be zero for any given country.

This is because the RER is expected to revert to its long-run equilibrium whenever it diverges;

otherwise, any deviation would not be temporary but rather a permanent phenomenon.

To derive the ultimate expression of the equilibrium RER index, we substitute δ̃i from

Equation (15) into Equation (14) as:

RERE
it = RERi + β̂′(F S

it − F̄ S
i ) (16)

This expression shows that for each country i, the equilibrium RER equals the average of

the observed RER plus a component reflecting the weighted deviation of RER fundamentals

from their averages.

We can derive the misalignment index by calculating the difference between the observed

and the estimated equilibrium RER in Equation (16) as follows:

Misit = (RERit −RERi)− β̂′(F S
it − F̄ S

i ) (17)

where Equation (17) consists of two parts. The first term on the right-hand side represents

the difference between the actual RER and its average value, while the second term indicates

the adjustments of the RER that should occur in equilibrium. A positive (negative) value
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of misalignment index in Equation (17) corresponds to undervaluation (overvaluation).13

1.4.3 The Growth Regressions

This section examines the relationship between RER misalignment and economic growth.

Following empirical growth literature, we estimate a series of growth regressions for a panel

of 175 countries over the period from 1950 to 2017. These regressions use five-year periods

to control for cyclical variations, given data availability. Our empirical model is specified as

follows:

Growthit = α + β1ln(yi,t−1) + β2ln(Misit) + β3ln(Xit) + νi + κt + εit (18)

where the dependent variable represents the 5-year geometric average of the growth rate

of real GDP per capita. The term yi,t−1 denotes the initial income per capita, capturing

the convergence effect and implying that initial conditions matter for growth performance.

This indicates that as a country’s income level rises, its growth rate tends to slow down,

while lower-income economies typically experience faster growth compared to wealthier ones.

Misit is the misalignment index based on the first measure following Rodrik (2008). Figure 1

illustrates the distributions of our annual undervaluation index, which is centered around

-0.014 with a standard deviation of 0.673. Xit is a vector of control variables (government

consumption, terms of trade, investment and human capital),which are commonly included

in growth literature. νi and κt represent unobserved country and time-specific effect, respec-

tively, and εit is the error term. All variables are averaged over a 5-year period. The primary

focus of this equation is on β2, the coefficient of the misalignment index. Since per capita

GDP growth is expressed in decimal form and the real exchange rate is in logs, β2 can be

interpreted as the effect on average real output growth over a five-year period resulting from

a 10% change in the real exchange rate.

To address measurement errors, endogeneity, or reverse causality, we employ the General-
13For more details, see Appendix C Elbadawi et al. (2012).
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ized Method of Moments (GMM) technique to estimate the model’s parameters (Arellano

and Bond, 1991; Arellano and Bover, 1995; Blundell and Bond, 1998). GMM estimators

control for unobserved effects by using differencing regressions or instruments and also uti-

lize prior observations of explanatory and lagged dependent variables as instruments. There

are two types of GMM estimation methods: difference GMM and the system GMM. The

first-difference GMM estimator, introduced by Arellano and Bond (1991), seeks to eliminate

individual-specific effects and employs lagged observations of explanatory variables as in-

struments. However, this method struggles with variables that exhibit persistence over time

within countries. In order to alleviate this problem, we also implement the system GMM,

as proposed by Arellano and Bover (1995); Blundell and Bond (1998), which is expected to

perform better when instruments exhibit a high degree of persistence. This method creates

a system of regressions both in differences and in levels. The instruments used in the regres-

sions in first differences remain the same as those in the GMM difference. In the regressions

conducted in levels, the instruments employed are the lagged differences of the explanatory

variables.

Thus, we analyze the impact of RER misalingment on economic growth using three dif-

ferent estimation approaches—fixed effect estimation, first-difference GMM, and system

GMM—applied to 5-year averages. The estimation results are reported in Table 8. Consis-

tent with previous literature, our findings suggest that maintaining a competitive currency

can spur economic growth. Specifically, the results from the fixed effect estimation demon-

strate a positive and statistically significant impact of currency undervaluation on economic

growth, with more pronounced effects in developing countries. Given the potential for re-

verse causality, as noted in previous discussions, our analysis emphasizes the system GMM

results, which account for this issue by using lagged differences and levels of endogenous

variables as instruments. Both the GMM difference and system estimates confirm that RER

misalignment has a positive and statistically significant effect on growth across all specifica-

tions, particularly for developing countries. This is reflected in the results of system GMM

(columns VI and VII of Table 8), where a 10% undervaluation ( overvaluation) of the currency
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leads to a 1.11 percentage point increase (decrease) in annual real income growth during the

5-year period. The effect is even more pronounced for developing countries, where a 10%

undervaluation (or overvaluation) leads to a 1.43 percentage point increase (or decrease) in

annual real income growth over the same period. Moreover, the robustness of our system

GMM results is supported by the Hansen test, which does not reject the null hypothesis of

the joint validity of instruments. Additionally, the AR(2) test results suggest that there is

no serial correlation in the residual term, further validating our model specifications. Hence,

our analysis conclude that the RER undervaluation significantly impacts growth, specifically

in developing countries, which broadly confirms the findings of Rodrik (2008).14

The economic growth literature primarily relies on theoretical models underpinned by an

aggregate production function, such as Solow’s neoclassical growth model. This approach

emphasizes that economy-wide factors, including capital accumulation, technology, and pro-

ductivity improvements, play a crucial role in driving economic growth. However, there

is renewed interest in the literature on dual economy models and the role of structural

change in the growth process (Duarte and Restuccia, 2010; Herrendorf et al., 2014; Martins,

2019; McMillan et al., 2014; Rodrik, 2016). Structural change, characterized by the real-

location of labor and other resources from traditional, low-productivity sectors to modern,

high-productivity sectors, contributes significantly to aggregate productivity and economic

growth. Our work is motivated by Rodrik (2008), who suggests that a weak RER can help

compensate for institutional weaknesses and other market failures, which particularly affect

tradable sectors, and more so in developing countries, thereby fostering desirable structural

changes and enhancing economic growth. We aim to explore the role of exchange rate policies

in achieving growth-enhancing structural change and whether the RER can help reallocate
14Alternative measures of RERmisalignment are also explored, and the results are reported in the appendix

Table A10, Table A11 and Table A12. For misalignment(4), the system GMM results show that while the
coefficient is not significant for the full sample, a 10% undervaluation (or overvaluation) of the currency
leads to a 1.26 percentage point increase (or decrease) in growth for developing countries (significant at the
10% level) and a 0.97 percentage point increase (or decrease) for developed countries (significant at the 1%
level). For the misalignment(pmg) and misalignment(csardl) measures, the significant effects are limited
to developing countries, where a 10% undervaluation (or overvaluation) leads to a 1.34 percentage point
increase and 1.17 percentage point increase in growth, respectively.
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resources toward sectors with learning spillovers.

1.4.4 Structural Change

Structural change is a fundamental aspect of economic development. As countries become

wealthier, they experience significant shifts in labor and resource allocation from agriculture

to modern sectors, leading to enhanced productivity and higher incomes. This process is

illustrated in the sectoral composition of employment and value-added over time. Figure 2A

shows that in Low-Income Countries (LICs), the average share of employment in agriculture

was high, starting at 73% in 1990 and steadily declining to 50% by 2018. This decline indi-

cates a reallocation of labor from agriculture to non-agricultural sectors, a crucial aspect of

structural transformation that can enhance productivity, if it was towards industrial sectors

and higher value added services. However, in 2018, the share of employment in agriculture

in LICs remained high at around 50%, compared to just 3% in Advanced Economies (AEs).

In Emerging Market and Developing Economies (EMDEs), the share of agricultural em-

ployment decrease moderately, while employment in manufacturing and services increased,

signaling gradual progress towards a more diversified and productive economic structure.

Additionally, Figure 2B reveals that the value-added from agriculture in LICs remains sig-

nificant, highlighting the sector’s importance in these economies. The growth of the agri-

culture sector has been a key driver of aggregate productivity in LICs, even though labor

productivity gains have been slower compared to advanced economies. The ongoing shift

of labor to higher productivity sectors such as manufacturing and services is crucial for

sustaining economic growth and achieving long-term convergence. For instance, the rapid

de-agriculturalization observed in East Asia over the past 40 years exemplifies the signifi-

cant impact of such structural shifts. This transformation aligns with the engine of growth

hypothesis, which highlights the industrial sector, particularly manufacturing, as a pivotal

driver of economic growth. Furthermore, it is important to recognize that the industrial

sectors comprise a diverse array of activities, varying widely in terms of skill requirements,
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technological intensity, and productivity levels.

Figure 3 highlights how the composition of employment and value-added in the manufac-

turing sector, based on tech intensity, has evolved in different economies. In Advanced

Economies, the share of medium-tech and high-tech manufacturing sectors in both employ-

ment and value-added is higher compared to EMDEs and LICs. Although low-tech sectors

still play a significant role in EMDEs, there has been a gradual increase in the share of

both employment and value-added in medium-tech and high-tech sectors, indicating some

improvement in labor productivity driven by technological adoption. In contrast, LICs

continue to rely heavily on low-tech sectors for employment, leading to lower overall produc-

tivity. These figures make it evident that a significant portion of employment in low-income

countries is concentrated in the least productive sectors. The wide productivity gaps are

indicative of underdevelopment, with the largest disparities seen in the poorest countries.

However, these gaps tend to narrow with sustained economic growth, as documented by

McMillan et al. (2014). This trend is depicted in Figure 4, which plots the coefficient of

variation on the vertical axis against the log of sectoral labor productivity on the horizontal

axis. The graph indicates an inverse relationship between the two variables, highlighting that

as countries become wealthier, the productivity gaps across sectors shrink. This suggests

that there is considerable potential for labor productivity improvements in poorer countries

by reallocating labor from agriculture to more productive sectors.

In addressing our main research question of whether RER undervaluation facilitates growth-

enhancing structural change, we utilize the decomposition method applied by McMillan

et al. (2014). This approach breaks down the increase in overall labor productivity into

two distinct components: productivity gains within existing economic activities due to the

accumulation of human and physical capital or technological change, and the migration

of workers from low-productivity sectors to high-productivity sectors, a process known as

structural transformation. The decomposition of these two components can be expressed as
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follows:

∆Yt =
∑
i=n

θi,t−k∆yi,t +
∑
i=1

yi,t∆θi,t (19)

where Yt and yi,t refer to economy-wide and sectoral labor productivity levels (measured by

value added per employee)15 in period t, respectively, and θi,t is the share of employment

in sector i in period t (calculated as sectoral employment divided by total employment).

The ∆ operator indicates the change in productivity or employment shares between t − k

and t, considering there are n sectors in the economy. The first term on the right-hand side

refers to the within-sector component, calculated as the weighted sum of productivity growth

within individual sectors, with the weights determined by the employment shares of each

sector at the beginning of the period. A positive value for this term indicates that there is

productivity growth within most sectors over time. The second term denotes the structural

change component, reflecting the shift in labor across different sectors. This component is

calculated as the inner product of productivity levels and changes in employment shares

across sectors. A positive value for this term indicates that changes in employment shares

have positively contributed to overall productivity levels.

Timmer et al. (2015) further decomposed the structural change term in Equation (19) into

static and dynamic effects. However, in line with McMillan and Rodrik (2011), we have

opted not to separate these components at this stage, as the dynamic term is often negative

and difficult to interpret in many studies. For instance, in a two-sector economy, even if

a less productive sector shows positive productivity growth, a decrease in its employment

share will negatively impact the dynamic term. However, as De Vries et al. (2012) and

McMillan et al. (2017) have noted, the overall reallocation of labor from less productive to

more productive sectors typically leads to positive contributions to structural change and

overall productivity growth. Furthermore, Diao et al. (2017) contend that since structural

change is inherently dynamic, classifying part of it as static seems counter intuitive.
15Following McMillan and Rodrik (2011), local currency value-added is converted to U.S. dollars using the

purchasing power parity (PPP) exchange rate from the Penn World Table to measure labor productivity.
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A key challenge in examining structural transformation, particularly in developing countries,

is the lack of reliable and comparable data on sectoral employment and value-added across

different countries and time periods. To address this challenge and gain deeper insights, we

draw on three distinct datasets. First, we analyze sectoral heterogeneity using the GGDC’s

ten-sector dataset, which is based on ISIC Revision 3.1. Second, we extend the analy-

sis to a twelve-sector dataset derived from the combination of the GGDC/UNU-WIDER

Economic Transformation Database (ETD) and the Economic Transformation Database of

Transition Economies (ETD-TE), which are classified according to ISIC Revision 4 (hereafter

referred to collectively as ETD). These datasets allow us to go beyond the traditional two-

sector (agriculture/non-agriculture) or three-sector (agriculture/industry/services) frame-

works. GGDC has earned a reputation for providing harmonized and consistent data on

sectoral value added from national accounts and employment from labor force surveys and

census data, with particular attention to the challenges posed by the high incidence of infor-

mal and self-employed workers in poor countries. This meticulous approach lends credibility

to the data used in many structural transformation studies (Herrendorf et al., 2014; McMillan

et al., 2014; Timmer et al., 2015). However, the commonly used GGDC ten-sector database

has limitations, including a limited number of low-income countries and a data series that

ends in 2010 for most countries. This cutoff is significant because the period after 2010 has

seen substantial shifts in sectoral employment and value-added patterns, particularly in sub-

Saharan Africa Kruse et al. (2023). In contrast, the newly constructed ETD and ETD-TE

offer broader coverage, particularly for low-income developing countries. These databases

disaggregate data into twelve sectors according to ISIC Revision 4 classification,and unlike

the GGDC ten-sector database, the ETD distinguishes between financial services and busi-

ness services due to the availability of more detailed sectoral data. Additionally, the ETD

includes time-series data extending through 2018. The ETD is a new dataset, not merely

an update of an existing one; it is constructed from an in-depth investigation of statisti-

cal sources on a country-by-country basis, ensuring the relevance and accuracy of the data.

This makes the ETD a valuable resource for analyzing more recent structural changes, es-
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pecially in regions and sectors that have undergone significant transformations in the past

decade.While we rely primarily on ETD data for the majority of the analysis, estimations

based on GGDC data are utilized as a benchmark for comparison.

Finally, we focus on detailed manufacturing sectors due to their potential importance in

enhancing aggregate productivity. There is substantial empirical evidence supporting the

“engine of growth" hypothesis for manufacturing, which is especially pronounced in low-

income countries Rodrik (2013). The essential feature of manufacturing is its potential

to generate higher levels of labor productivity, accelerate productivity growth, and drive

technological advancements more effectively compared to agriculture or many service indus-

tries. Üngör (2017) highlights the importance of boosting productivity in manufacturing and

wholesale sectors as a key driver for significantly increasing aggregate productivity growth

rates in Latin America. Given the manufacturing sector’s critical role in overall productivity

growth, it is crucial to examine structural changes within this sector in greater detail. For

example, if the expansion of manufacturing characterizes structural change in a particular

country, detailed data can be used to identify which specific industries expanded, how many

people were employed, and whether specific events or policies contributed to the expan-

sion or contraction of a particular sector. The UNIDO dataset, which includes 23 distinct

manufacturing sectors, allows us to isolate manufacturing as the most significant compo-

nent of industry, facilitating a focused analysis of its structural dynamics and its specific

role in structural transformation. This multi-dataset approach provides a more nuanced

understanding of sectoral dynamics and structural change.

1.4.5 Real Exchange Rate Misalignment and Structural Change

This section delves into empirical analysis to explore the relationship between RER mis-

alignment and structural transformation. Our objective is to study whether maintaining

competitive or undervalued currencies acts as a catalyst for driving growth-oriented struc-

tural shifts. To analyze the potential link between exchange rate misalignment index and
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structural change, we apply the following regression:

ST i,t = α + βMisi,t + νi + κt + εit (20)

where ST i,t denotes structural change (represented by the second term in Equation (19))

for country i and period t. It captures effective structural transformation, contributing to

productivity growth through the reallocation of labor across different sectors. Misi,t is the

misalignment measure, νi and κt are country and time dummies, respectively, and ε is the

error term. In terms of the estimation method, we employ the fixed effects estimator, utilizing

the panel structure of the data and focusing specifically on within-country variations over

time.16

Building on the importance of sectoral heterogeneity—i.e., the disaggregation of sectors—

highlighted in recent literature (Buera and Kaboski, 2009; Eberhardt and Teal, 2013; Her-

rendorf et al., 2014; Herrendorf and Valentinyi, 2012), our analysis initially focuses on the

GGDC ten-sector database, following McMillan et al. (2014). We calculate structural change

using Equation (19), based on these disaggregated sectoral data measured over five-year in-

tervals. This approach allows us to capture sectoral heterogeneity and gain a more precise

understanding of the dynamics of structural change. Next, using Equation (20), with the es-

timated structural change as the dependent variable, we examine the effect of exchange rate

misalignment on structural change. Table 9 presents our baseline results for the full sample,

as well as for developing and developed countries separately. These results indicate that

all estimated coefficients for the different RER misalignment specifications are positive and

statistically significant, suggesting that undervaluation contributes to fostering structural

transformation. Additionally, we observe that the positive impact of real undervaluation on

structural change is notably stronger in emerging and developing economies. Conversely, in

developed country subsamples, the coefficient is comparatively smaller.
16McMillan et al. (2014), however, builds a cross-sectional dataset that primarily explains differences

across countries. Our study offers a more dynamic perspective by constructing a panel dataset that captures
within-country changes in structural transformation.
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These findings align with prior evidence regarding the relationship between undervaluation

and economic growth. As documented by previous studies, currency undervaluation posi-

tively and significantly affects growth in developing countries, while this effect is marginal

and statistically insignificant in wealthier nations (McMillan et al., 2014; Rodrik, 2008). We

supplement our analysis of the original GGDC data by incorporating the newly launched

GGDC/UNU-WIDER Economic Transformation Database (ETD) and the Economic Trans-

formation Database of Transition Economies (ETD-TE). As discussed earlier, compared to

the GGDC ten-sector database, the ETD offers broader coverage of low-income develop-

ing countries, distinguishes twelve sectors based on the ISIC Revision 4 classification, and

extends time-series data through 2018, providing deeper insights and a more granular per-

spective on the patterns of structural transformation. Table 10, presents the results of

Equation (20), based on structural change calculated using the ETD dataset. However, we

find no significant impact of exchange rate misalignment on structural change, as none of

the coefficients are statistically significant.

Next, we shift our focus to the impact of undervaluation on growth-enhancing structural

change within the manufacturing sector, given its critical role in driving economic growth in

developing countries. Using the UNIDO dataset, which includes 23 distinct sectors within

manufacturing across countries, we calculate structural change following the same approach

as in Equation (19). This dataset allows for a more targeted analysis of structural trans-

formation within manufacturing, which is often seen as the engine of growth in develop-

ing economies. The structural change calculated from the UNIDO data is then used as

the dependent variable in Equation (20) to estimate the effects of exchange rate misalign-

ment. The results of this analysis are presented in Table 11, show that only one measure

of misalignment is significant and positively associated with structural transformation in

developing countries, as indicated in column V. The β estimate of 0.0462 suggests that a

10% undervaluation(which implies a 10% increase in the misalignment variable) is associated

with an approximate 0.46 percentage point increase in growth-enhancing structural change.

Conversely, in developed countries, the relationship between structural transformation and
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undervaluation is negative, though not statistically significant.

We further investigate the effect of RER misalignment on structural change within each man-

ufacturing sectors based on their technological intensity using Equation (20). Specifically, we

examine whether undervaluation facilitates structural change within groups of low, medium,

and high technology intensity manufacturing sectors. The classification of industries by their

technological intensity, a widely applied method for grouping industries, is based on the re-

search and development (R&D) expenditure incurred in the production of manufactured

goods. Industries with higher R&D intensity are considered high-technology. The list of

manufacturing sectors for each group is presented in Table 4. To measure structural change,

we first summed the employment and value-added shares of industries within each of the

low, medium, and high technology manufacturing sectors. Then, using Equation (19) we cal-

culated structural transformation as the reallocation of labor between these three categories,

capturing the shift in resources towards more technology-intensive industries. The results of

the effect of exchange rate misalignment on the aforementioned structural change are shown

in Table 12. For developing countries, the results are negative and statistically insignificant.

In contrast, for developed countries, the effect is generally positive across most columns, ex-

cept in column XII. However, the results are largely insignificant, with a significant positive

effect found only in column VI for developed countries.

Differences in datasets can contribute to some of our contrasting results. A primary reason

for these discrepancies may be the significant differences in the scope and coverage of the

datasets. While the GGDC aims to provide comprehensive measures of value added and

employment, accounting for self-employment and informal enterprises, particularly in poorer

countries, the UNIDO data primarily focuses on larger firms operating in the formal sector

through its surveys. Beyond differences in coverage, there are also variations in how value

added is measured across the datasets, further contributing to the discrepancies in these

results. As highlighted by Herrendorf et al. (2022), the use of different datasets, such as

GGDC and UNIDO, to study productivity convergence across countries and time periods
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can lead to notably different conclusions. Specifically, Herrendorf et al. (2022) compared the

convergence properties of manufacturing productivity using these two datasets and found

that while the UNIDO data showed significant convergence, the GGDC data did not, despite

analyzing the same time period and set of countries. This underscores how differences in

data coverage and methodology can influence outcomes, which aligns with the variations

observed in our analysis depending on the dataset used.

1.4.6 Overvaluation, Undervaluation and Structural Change

Our analysis has so far assumed that RER under- and over-valuation affect structural change

symmetrically. However, RER under- and over-valuation are different types of RER dis-

tortions with potentially different effects on structural transformation (Habib et al., 2017;

Nouira and Sekkat, 2012; Schröder, 2013). To study if the effect of RER misalignment

is asymmetric, we follow Schröder (2013) and define RER overvaluation (overval) as the

negative part of misalignment measure and RER undervaluation (underval) as the positive

part. We then repeat the baseline regression Equation (20), including undervaluation and

overvaluation as separate regressors, using four different measures of RER misalignment. Ta-

bles 13–16 present the results of the asymmetric effect of misalignment on structural change

using the ten-sector GGDC, twelve-sector ETD, and the manufacturing sectors by UNIDO,

respectively.

The coefficient for overvaluation is consistently positive and significant across all specifica-

tions for the full sample, as well as for developing and developed countries. In contrast,

the effect of undervaluation exhibits mixed results, with both positive and negative values,

though these are mostly close to zero and generally not significant. In developed countries,

neither undervaluation nor overvaluation is significant, except in the first measure of mis-

alignment, where both coefficients are positive and significant, as shown in column III of

Table 13. However, in the second measure, only overvaluation remains positive and signifi-

cant, as indicated in column VI. Undervaluation is negative and significant only for the full
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sample, as illustrated in column IV, while it remains generally insignificant for both devel-

oping and developed countries. This pattern is detailed in Table 13. For the twelve-sector

ETD data, undervaluation is negative and significant in only one specification, as reported

in column VI of Table 14. In the context of developing countries, there are no significant

results. However, for developed countries, overvaluation is significant and positive in three

out of four specifications, while undervaluation is negative and significant in only one spec-

ification, as presented in Table 14. Finally, when focusing on the manufacturing sectors

using the UNIDO data, no significant results were found, as indicated in Table 15. However,

when focusing on the results for technology-intensive manufacturing sectors, undervaluation

is consistently negative and significant across all misalignment measures for both the full and

developing country samples, while overvaluation remains insignificant, as shown in Table 16.

It’s possible that these effects may take time to materialize. Studies have often focused

on specific episodes of economic growth, export expansion, and investment driven by ex-

change rate fluctuations. For instance, Hausmann et al. (2005) analyze episodes of sustained

growth acceleration and found that these episodes are often preceded by significant RER

depreciation, emphasizing the role of depreciation in spurring rapid economic growth. Simi-

larly, Freund and Pierola (2012) identify episodes of sustained manufacturing export growth,

finding that these surges are typically linked to RER undervaluation, which they argue stim-

ulates resource reallocation towards exportable goods and facilitates entry into new export

markets, thereby potentially driving economic growth.Further supporting this view, Berg

et al. (2012) provide evidence that the duration of growth spells is positively related to the

level of the RER, highlighting the importance of a stable and competitive exchange rate

for sustained economic expansion. Additionally, Libman et al. (2019) identify episodes of

accelerated capital stock growth, noting that these episodes are often preceded by RER

undervaluation.

In Rodrik (2008)’s view, tradable economic activities hold special importance in develop-

ing countries because they are disproportionately affected by the institutional imperfections
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and market failures that keep these countries poor. These activities are intrinsically very

productive and generate various externalities, such as learning by doing and technological

spillovers. Given these traits, reallocating current and future resources to tradable activities

— i.e., structural change — can accelerate economic growth. A sustained real deprecia-

tion increases the relative profitability of investing in tradables and serves as a second-best

solution to alleviate the economic costs of these distortions. Korinek and Serven (2016)

argue that a policy mix of capital controls and foreign reserve accumulation can achieve

sustainable RER undervaluation, which fosters learning-by-investing externalities and stim-

ulates tradable sector growth. By concentrating on significant and sustained deviations in

the RER, we can reduce measurement errors and minimize the impact of macroeconomic

changes that result from one-time large RER shifts, such as those triggered by a currency

crisis. Therefore, we examine the impact of persistent undervaluation on structural change.

Analyzing episodes of undervaluation over a span of five successive years could provide in-

sights into how exchange rate movements affect structural transformation. If the exchange

rate remained consistently undervalued for 5 consecutive years, we assign the persistent un-

dervaluation variable the value of the average undervaluation during those years; otherwise,

the variable is set to 0, following the methodology of Nouira and Sekkat (2012). To ensure

that the analysis of structural change aligns with the periods of persistent undervaluation,

we calculate structural change using a 5-year rolling window,consistent with the methodol-

ogy outlined earlier in Equation (19). This approach allows us to accurately capture the

effects of sustained exchange rate misalignment on structural transformation. However, as

seen in Tables 17, 18, 19 and 20, Persistent undervaluation is significant and negative for de-

veloping countries when using the 10-sector data with the first two misalignment measures.

It is also significant and negative in only one specification for developing countries when

using the ETD data. In contrast, it is positive and significant for developing countries in the

first specification when using the UNIDO manufacturing dataset. Additionally, persistent

undervaluation is negative and significant for both the full sample and developed countries

when measured using the CSARDL approach in both the manufacturing sector data and the
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technology-intensive manufacturing sector data.

1.5 Robustness

This section will briefly discuss some of the additional tests conducted to confirm the ro-

bustness of the main results. In particular, we addressed potential outliers by removing

the top and bottom 1% and 5% of the dependent and independent variables, using the 12-

sector ETD dataset and the UNIDO dataset for both manufacturing sector and technology-

intensive manufacturing sector. The results of these tests are shown in Tables 21-24 for

the ETD dataset, Tables 26-29 for the UNIDO manufacturing sector, and Tables 31-34 for

the technology-intensive manufacturing sector.As shown in Table 22, dropping the top and

bottom 5% of the dependent variable makes the results statistically significant across all

misalignment measures. However, the results are not consistent for the manufacturing and

technology-intensive manufacturing sectors. We also excluded regions one at a time, based

on World Bank categories, as shown in the Tables 25,30 and 35 and found that the results

remained insignificant overall.

To address the possibility that a five-year time frame is insufficient for capturing structural

transformation, we conducted robustness checks by extending the analysis to seven- and ten-

year periods. This extended time horizon allows for a more comprehensive understanding of

the potential long-term effects of exchange rate misalignment on structural transformation.

Despite our extensive analysis, we fail to find any significant effect of undervaluation on

structural change across the twelve-sectors of ETD or the UNIDO manufacturing sectors.

This remain true even when we group manufacturing sectors based on their technological

intensity. Our results were predominantly insignificant, highlighting the lack of a discernible

relationship between undervaluation and structural transformation. Focusing on the seven-

year period, as shown in Tables 36 and 37, we find no significant effect of undervaluation on

structural transformation. However, in Table 38, where we groupe the manufacturing sectors

based on technological intensity, we observe a positive and statistically significant effect of
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misalignment using measure 4 for developed country group, although the coefficient remains

small. Interestingly, this effect turns negative when using the CSARDL measure. Turning to

the ten-year period, as shown in Table 39, using the ETD twelve-sector database, we obtain

a statistically significant coefficient of 0.012 for the full set of countries using misalignment

(pmg). Additionally, we find a positive and statistically significant effect for developed

countries using both the first measure of misalignment and the PMG one. However, we do

not find significant results for the ten-year period when analyzing the manufacturing sectors,

as shown in Tables 40 and 41.

Generating cross-country measures of sectoral productivity requires two inputs: sectoral

employment data and sectoral real value added based on a common set of prices. A key

issue in comparing productivity across countries is determining how to convert value added

into a common currency. For our baseline results, we use value-added shares in terms of

2011 PPPs at the aggregate level from the PWT. Conceptually, using the PPP exchange

rate is appropriate; however, the Balassa-Samuelson effect implies that relative prices vary

substantially between tradable and non-tradable sectors (De Vries et al., 2015). To address

the potential drawbacks of using an aggregate PPP for productivity comparison involving

disaggregated data, we use sector-specific PPPs as provided by Inklaar et al. (2023). The

new dataset produced by GGDC, the Productivity Level Database (PLD) 2023 Edition,

provides sectoral PPPs for the benchmark years 2005, 2011, and 2017 for a sample of 84

countries across 12 sectors. This allows for the calculation of sectoral value added in a

common set of international prices for 2011. Importantly, the sectoral PPPs match with

52 countries in the ETD dataset. First, we use the sectoral PPPs to convert sectoral value

added from national currency to international prices for 2011 by dividing the sectoral value

added in national currency by the 2011 PPP. Next, we calculate sectoral productivity in

2011 international prices by dividing the sectoral value added from the first step by sectoral

employment. However, due to data constraints, this approach is limited to a specific set of

industries and countries. Compared to our benchmark model, the results in Table 42 reveal

that the coefficients, though somewhat larger, are not statistically significant.
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1.6 Conclusion

This paper contributes to the debate on whether exchange rate undervaluation enhances eco-

nomic growth. A substantial portion of the existing literature consists of aggregate studies

that lack a clear identification of the specific channels through which the real exchange rate

affects growth. Our primary objective is to assess the influence of the RER on structural

change, considering it as a potential transmission channel for the impact of a competitive

RER on long-term growth. We investigate whether a competitive RER affects sector-specific

sources of growth and the changing sectoral composition (i.e., structural change), thereby

enabling poor countries to close productivity gaps with advanced economies by promoting

industrialization, shifting labor into manufacturing, and contributing to aggregate produc-

tivity and economic growth.

We employ several approaches to estimate exchange rate misalignment, acknowledging the

lack of consensus over the best method to do so, and assess their potential impact on struc-

tural transformation. We first analyze the broader economic sectors using disaggregated

data from the GGDC ten-sector and ETD twelve-sector databases. We then focus specifi-

cally on the manufacturing sector, using the UNIDO dataset, due to its potential advantages.

The productivity growth it drives at early stages of development also promotes productivity

growth in other key sectors, highlighting its significance as a key driver of overall economic

growth. Our investigation do not support the hypothesis that exchange rate misalignment

facilitates growth-enhancing structural change. The results do not consistently demonstrate

a statistically significant effect of exchange rate misalignment on the reallocation of resources

from traditional to modern sectors of the economy, indicating that a competitive RER has

no direct impact on structural change. This finding contrasts with the results of McMil-

lan et al. (2014), which suggested otherwise. Ultimately, the impact of undervaluation on

structural change and growth is an open empirical question. Structural change has gained

renewed attention as a key policy priority for many developing countries. Transforming eco-

nomic structure is undeniably essential for achieving development goals. However, there is
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still little research on how to accelerate its pace, especially for developing countries. This

gap highlights the need for further investigation to identify effective strategies for promoting

structural transformation and achieving sustainable development.
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Figure 1: Distribution of the Misalignment (m1)
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Figure 2: Employment and value-added shares across sectors in advanced, emerging, and
low-income countries

Notes: AEs refer to Advanced Economies, EMDEs refer to Emerging Markets and Developing Economies,
and LICs refer to Low-Income Countries. A full list of countries categorized under each group can be found
in Table A2.
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Figure 3: Employment and value-added shares across high-tech, medium-tech, and low-tech
manufacturing sectors in advanced, emerging, and low-income countries

Notes: AEs refer to Advanced Economies, EMDEs refer to Emerging Markets and Developing Economies,
and LICs refer to Low-Income Countries. A full list of countries categorized under each group can be found
in Table A2.
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Figure 4: Sectoral gaps in labor productivity decrease with increasing income levels

Notes: AEs refer to Advanced Economies, EMDEs refer to Emerging Markets and Developing Economies,
and LICs refer to Low-Income Countries. A full list of countries categorized under each group can be found
in Table A2.
Source: Authors’ calculation based on McMillan et al. (2014).
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Table 1: Description of Variables and Sources

Variable Description Source

Real Exchange Rate (RER) RER = ( 1
P LGDP o

) PWT 9.1

PL_X Price level of exports, price level of USA GDP o in
2011

PWT 9.1

PL_M Price level of imports, price level of USA GDP o in
2011

PWT 9.1

Terms of Trade (TOT) The ratio of price level of export to price level of import
(PL_X/PL_M)

Authors’ calculation

Government Consumption
(GOV)

GDP share of total government consumption expendi-
ture

WDI

Net Foreign Asset Position
(NFA)

The ratio of net foreign assets relative to GDP Lane and Milesi-Ferretti

(2017)

Investment Gross capital formation (% of GDP) WDI

GDP per capita Output side real GDP at chained PPPs divided by
population

PWT 9.1

Human capital Human capital (average years of schooling) PWT 9.1

Misalignment(m1) Measure of RER misalignment using GDP per capita Authors’ calculation

Misalignment(m2) Measure of RER misalignment using GDP per capita

and NFA

Authors’ calculation

Misalignment(m3) Measure of RER misalignment using GDP per capita,
NFA, and TOT

Authors’ calculation

Misalignment(m4) Measure of RER misalignment using GDP per capita,
NFA, TOT, and GOV

Authors’ calculation

Misalignment(m5) Measure of RER misalignment using NFA and GOV Authors’ calculation

Misalignment(m6) Measure of RER misalignment using NFA, TOT, and
GOV

Authors’ calculation

Misalignment(pmg) Measure of RER misalignment - pooled mean group
using GDP per capita, NFA, TOT, and GOV

Authors’ calculation

Misalignment(mg) Measure of RER misalignment - mean group using
GDP per capita, NFA, TOT, and GOV

Authors’ calculation

Misalignment(dfe) Measure of RER misalignment - dynamic fixed effect
using GDP per capita, NFA, TOT, and GOV

Authors’ calculation
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Table 1 – continued from previous page

Variable Description Source

Misalignment(cs-ardl) Measure of RER misalignment - cross-sectionally aug-
mented autoregressive distributed lag using GDP per
capita, NFA, TOT, and GOV

Authors’ calculation

Misalignment(cs-dl) Measure of RER misalignment - cross-sectionally au-
toregressive distributed lag using GDP per capita,
NFA, TOT, and GOV

Authors’ calculation

Growth rate Growth rate = GDP per capitat−GDP per capitat−1
5 Authors’ calculation

Value added Gross value added at the sectoral level
GGDC 10-Sector
Database
ETD
UNIDO

Employment Number of persons engaged at the sectoral level
GGDC 10-Sector
Database
ETD
UNIDO

productivity(yit) Value added per employee in sector i at time t Authors’ calculation

Employment share(θit) Ratio of employment in sector i to total employment
at time t

Authors’ calculation

Structural change Between-sector productivity (
∑

i=1 yi,t∆θi,t) Authors’ calculation

Note: WDI ( World Development Indicators, World Bank); PWT ( Penn World Table 9.1); UNIDO (United
Nations Industrial Development Organization); GGDC (Groningen Growth and Development Centre 10-
Sector Database Timmer et al. (2015)); ETD (GGDC/UNU-WIDER Economic Transformation Database
Kruse et al. (2023) and ETD-TE Economic Transformation Database Transition Economies Hamilton and
de Vries (2023).)
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Table 2: Industry Codes and Names for GGDC Version 2014

ISIC-3.1 code Sector Name Description

A+B Agriculture Agriculture, Hunting and Forestry, Fishing

C Mining Mining and Quarrying

D Manufacturing Manufacturing

E Utilities Electricity, Gas and Water supply

F Construction Construction

G+H Trade services Wholesale and Retail trade; repair of motor vehicles, motorcycles
and personal and household goods; Hotels and Restaurants

I Transport services Transport, Storage and Communications

J+K Business services Financial Intermediation, Renting and Business Activities (ex-
cluding owner occupied rents)

L,M,N Government services Public Administration and Defense, Education, Health and Social
work

O,P Personal services Other Community, Social and Personal service activities; Activi-
ties of Private Households

Source: GGDC 10-sector database
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Table 3: Industry Codes and Names for GGDC Version 2021 and 2023

ISIC-4 code Sector Name Description

A Agriculture Agriculture, forestry, fishing

B Mining Mining and quarrying

C Manufacturing Manufacturing

D+E Utilities Electricity, gas, steam and air conditioning supply; Water
supply; sewerage, waste management and remediation ac-
tivities

F Construction Construction

G+I Trade services Wholesale and retail trade; repair of motor vehicles and
motorcycles; Accommodation and food service activities

H Transport services Transportation and storage

J+M+N Business services Information and communication; Professional, scientific
and technical activities; Administrative and support ser-
vice activities

K Financial services Financial and insurance activities

L Real estate Real estate activities

O+P+Q Government services Public administration and defence; compulsory social secu-
rity; Education; Human health and social work activities

R+S+T+U Other services Arts, entertainment and recreation; Other service activ-
ities; Activities of households as employers; undifferenti-
ated goods- and services-producing activities of households
for own use; Activities of extraterritorial organizations and
bodies

Source: GGDC/UNU-WIDER and GGDC-ETD-TE Economic Transformation database

52



Table 4: Industry Codes and Names for UNIDO Manufacturing Sectors with Technology
Classification

ISIC-3 Code Sector Name Tech Category

24 Chemicals and chemical products High & Medium-High Tech

29 Machinery and equipment n.e.c. High & Medium-High Tech

30 Office, accounting, computing machinery High & Medium-High Tech

31 Electrical machinery and apparatus High & Medium-High Tech

32 Radio, television and communication equipment High & Medium-High Tech

33 Medical, precision and optical instruments High & Medium-High Tech

34 Motor vehicles, trailers, semi-trailers High & Medium-High Tech

35 Other transport equipment High & Medium-High Tech

23 Coke, refined petroleum products, nuclear fuel Medium

25 Rubber and plastics products Medium

26 Non-metallic mineral products Medium

27 Basic metals Medium

28 Fabricated metal products Medium

15 Food and beverages Low

16 Tobacco products Low

17 Textiles Low

18 Wearing apparel, fur Low

19 Leather, leather products and footwear Low

20 Wood products (excl. furniture) Low

21 Paper and paper products Low

22 Printing and publishing Low

36 Furniture; manufacturing n.e.c. Low

37 Recycling Low

Source: UNIDO dataset
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Table 5: Model Estimation for Real Exchange Rate

Dependent variable: Real exchange rate

I II III IV V VI
GDP per capita (in logs) -0.173∗∗∗ -0.224∗∗∗ -0.222∗∗∗ -0.237∗∗∗

(0.004) (0.004) (0.004) (0.005)

Net foreign asset 0.038∗∗∗ 0.034∗∗∗ 0.041∗∗∗ -0.044∗∗∗ -0.049∗∗∗
(0.003) (0.003) (0.005) (0.005) (0.006)

Terms of trade (in logs) -0.255∗∗∗ -0.204∗∗∗ -0.226∗∗∗
(0.029) (0.032) (0.038)

Government expenditure (in logs) -0.109∗∗∗ -0.361∗∗∗ -0.355∗∗∗
(0.013) (0.015) (0.015)

Constant 2.756∗∗∗ 2.973∗∗∗ 2.953∗∗∗ 3.370∗∗∗ 1.949∗∗∗ 1.931∗∗∗
(0.035) (0.038) (0.038) (0.046) (0.041) (0.041)

Country FE No No No No No No
Year FE Yes Yes Yes Yes Yes Yes
Observations 9684 6861 6861 5706 5706 5706
R-squared 0.664 0.561 0.566 0.598 0.430 0.433

Source: Authors’ calculation
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
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Table 6: Pooled Mean Group (PMG), Mean Group (MG), Dynamic Fixed Effect (DFE)

I II III
Pooled Mean group(PMG) Mean group(MG) Dynamic Fixed Effects(DFE)

Long-run coefficients:

Terms of trade(in logs) -0.509∗∗∗ 2.107 -0.347∗∗∗
(0.092) (2.661) (0.125)

GDP per capita(in logs) -0.190∗∗∗ -0.013 -0.104∗∗
(0.030) (0.455) (0.042)

Government expenditure(in logs) 0.044 1.316∗ 0.056
(0.060) (0.710) (0.077)

Net foreign asset -0.080∗∗∗ 0.599 -0.053∗∗∗
(0.015) (1.322) (0.018)

Short-run coefficients:

Error correction coefficient -0.104∗∗∗ -0.179∗∗∗ -0.088∗∗∗
(0.005) (0.011) (0.003)

D.(terms of trade, logs) -0.252∗∗∗ -0.216∗∗∗ -0.133∗∗∗
(0.053) (0.067) (0.017)

D.(govenrment expenditure,logs) 0.036 -0.007 0.028∗∗
(0.028) (0.027) (0.012)

Constant 0.238∗∗∗ 0.187 0.128∗∗∗
(0.013) (0.174) (0.040)

observation 7932 7932 7932
CD test statistics 296.302 63.117 267.180
CD(p-values) 0.000 0.000 0.000

Source: Authors’ calculation
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dynamic specification of the real exchange rate model presented here is chosen using the Schwarz Bayesian information
criterion, following Pesaran et al. (1999).
CD test statistics present the cross section dependence tests of Pesaran (2015) on the model residuals with the null of weak
cross-sectional dependence.
In the PMG estimation, no heterogeniety of the slopes and intercepts are assumed; in the MG estimation, the estimation is
done separately for each cross-sectional unit with full heterogeniety in the slopes and intercepts; in the DFE estimation, only
intercepts could vary across groups.
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Table 7: The Cross-Sectionally Augmented Autoregressive Distributed Lag (CS-ARDL) and
the Cross-Sectionally Augmented Autoregressive Distributed Lag (CS-DL) Estimators

Variables Estimation methods

CS-ARDL CS-DL
Long-run coefficients:

Terms of trade(in logs) 0.667 -0.496∗∗
(0.897) (0.230)

GDP per capita(in logs) 0.460 0.419∗∗
(0.472) (0.169)

Government expenditure(in logs) 0.705∗∗ -0.591
(0.344) (0.361)

Net foreign asset -0.166∗ -0.238∗∗∗
(0.100) (0.092)

speed of adjustment -0.604∗∗∗
(0.024)

observation 6107 6682
CD-test -0.524 1.174
statistic 0.600 0.240

Source: Authors’ calculation
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
Only the long run coefficients are reported.
The dynamic specification of the real exchange rate model presented here is chosen using the Schwarz Bayesian information
criterion, following Pesaran et al. (1999).
CD test statistics present the cross section dependence tests of Pesaran (2015) on the model residuals with the null of weak
cross-sectional dependence.
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Table 8: Growth and RER Misalignment(m1)

Fixed-Effects GMM-Diff GMM-Sys

I II III IV V VI VII VIII IX

Full Developing Developed Full Developing Developed Full Developing Developed
Initial income -0.054∗∗∗ -0.067∗∗∗ -0.078∗∗∗ -0.129∗∗∗ -0.140∗∗∗ -0.077∗ -0.102∗∗∗ -0.111∗∗∗ -0.045∗

(0.004) (0.006) (0.006) (0.019) (0.027) (0.042) (0.028) (0.032) (0.027)

Misalignment(m1) 0.049∗∗∗ 0.066∗∗∗ 0.028∗∗∗ 0.069∗∗ 0.106∗∗ 0.075∗∗∗ 0.111∗∗∗ 0.143∗∗∗ 0.070∗
(0.005) (0.007) (0.008) (0.027) (0.045) (0.028) (0.028) (0.040) (0.039)

Investment 0.008∗∗∗ 0.006∗∗∗ 0.006∗ -0.011 -0.008 0.004 -0.010 -0.014 0.014
(0.002) (0.002) (0.003) (0.011) (0.014) (0.011) (0.010) (0.019) (0.010)

Government expenditure -0.002 0.011∗ -0.065∗∗∗ 0.007 0.038 -0.016 -0.022 -0.002 -0.078∗∗∗
(0.005) (0.006) (0.009) (0.040) (0.030) (0.048) (0.032) (0.027) (0.028)

Human capital 0.040∗∗ 0.096∗∗∗ -0.020 0.541 0.098 0.706∗ 0.479∗∗∗ 0.388∗∗ 0.379∗∗∗
(0.017) (0.029) (0.022) (0.361) (0.224) (0.387) (0.123) (0.182) (0.133)

Terms of trade -0.014∗ -0.002 -0.035∗∗ -0.035 0.112 -0.176∗ -0.230∗ -0.137 -0.163
(0.008) (0.011) (0.014) (0.198) (0.092) (0.102) (0.133) (0.112) (0.104)

Constant 0.467∗∗∗ 0.468∗∗∗ 0.994∗∗∗ 0.710∗∗∗ 0.782∗∗∗ 0.293
(0.036) (0.052) (0.069) (0.185) (0.199) (0.212)

Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 974 485 489 830 404 426 974 485 489
R-squared 0.366 0.419 0.539
Instruments 19 27 27 24 28 36
AR2 (p-value) 0.482 0.453 0.766 0.120 0.209 0.087
Hansen-J (p-value) 0.544 0.407 0.342 0.319 0.611 0.122

Source: Authors’ calculation
Observations are averages over a 5-year period. The misalignment measure is associated with Rodrik (2008) where the only
explanatory variable to estimate equilibrium real exchange rate is GDP per capita.
Developing countries are identified by the threshold in per capita GDP used by Rodrik (2008) ($6000).
We have collapsed the instruments in order to restrict the number of instruments Roodman et al. (2006).
In both GMM-diff and -system only time dummies are assumed exogenous and used as instruments.
The Hansen test: the null hypothesis is that instruments are not correlated with the residuals.
The Arellano-Bond test, for AR(2) in first difference: the null hypothesis is that the errors in the first difference regression have
no second order serial correlation.
Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
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Table 9: Structural Change and RER Misalignment (GGDC 10-Sector Data)

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
Misalignment(m1) 0.016∗∗∗ 0.029∗∗∗ 0.007∗∗

(0.003) (0.006) (0.003)
Misalignment(m4) 0.010∗∗∗ 0.027∗∗∗ 0.005∗∗

(0.003) (0.008) (0.003)
Misalignment(pmg) 0.014∗∗∗ 0.025∗∗∗ 0.004∗

(0.003) (0.006) (0.002)
Misalignment(csardl) 0.009∗∗ 0.030∗∗∗ 0.003

(0.003) (0.009) (0.002)
constant -0.003 -0.007 0.001 -0.002 -0.010 -0.000 -0.006∗ -0.010∗ 0.000 -0.002 -0.016∗∗ 0.001

(0.003) (0.005) (0.002) (0.003) (0.006) (0.003) (0.003) (0.005) (0.003) (0.004) (0.008) (0.003)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 324 147 177 290 121 169 316 146 170 316 146 170
R-squared 0.136 0.213 0.235 0.098 0.193 0.230 0.132 0.194 0.223 0.084 0.159 0.216

Source: Authors’ calculation using GGDC 10-sector database Timmer et al. (2015)
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and
1 %, respectively. The dependent variable is structural transformation. Developing countries are identified
by the threshold in per capita GDP used by Rodrik (2008) ($6000).
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Table 10: Structural Change and RER Misalignment (ETD 12-Sector Data)

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
Misalignment(m1) 0.004 0.003 0.006

(0.005) (0.009) (0.004)
Misalignment(m4) 0.004 0.001 0.005

(0.005) (0.009) (0.004)
Misalignment(pmg) 0.003 0.002 0.007

(0.005) (0.009) (0.004)
Misalignment(csardl) 0.0004 0.004 0.003

(0.005) (0.010) (0.004)
constant 0.005∗∗ 0.004 0.008∗∗∗ 0.004∗ 0.004 0.006∗∗∗ 0.005∗∗ 0.004 0.007∗∗∗ 0.004∗ 0.004 0.007∗∗∗

(0.002) (0.004) (0.002) (0.002) (0.004) (0.002) (0.002) (0.004) (0.002) (0.002) (0.003) (0.002)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 371 187 184 347 169 178 365 187 178 365 187 178
R-squared 0.036 0.063 0.094 0.035 0.070 0.092 0.036 0.063 0.098 0.034 0.064 0.087

Source: Authors’ calculation using GGDC/UNU-WIDER Economic Transformation database Hamilton and
de Vries (2023); Kruse et al. (2023)
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and
1 %, respectively. The dependent variable is structural transformation. Developing countries are identified
by the threshold in per capita GDP used by Rodrik (2008) ($6000).
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Table 11: The Impact of RER Misalignment on Structural Change in Manufacturing Sectors

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
Misalignment(m1) 0.008 0.048 -0.004

(0.016) (0.052) (0.019)
Misalignment(m4) 0.010 0.046∗ -0.0003

(0.012) (0.026) (0.021)
Misalignment(pmg) 0.009 0.045 -0.007

(0.015) (0.050) (0.019)
Misalignment(csardl) 0.0002 0.051 -0.010

(0.016) (0.062) (0.017)
constant -0.007 -0.041 0.007 -0.005 -0.032 0.004 -0.009 -0.043 0.011 -0.001 -0.053 0.015

(0.015) (0.045) (0.018) (0.014) (0.026) (0.023) (0.018) (0.048) (0.023) (0.020) (0.062) (0.022)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 800 224 576 744 196 548 774 214 560 774 214 560
R-squared 0.015 0.041 0.013 0.018 0.108 0.013 0.016 0.044 0.013 0.015 0.043 0.014

Source: Authors’ calculation using UNIDO database
Note: Standard errors in parentheses. *, **, *** represent the levels of statistical significance at 10%, 5%, and 1%, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 12: The Impact of RER Misalignment on Structural Change in Technology-Intensive Man-
ufacturing Sectors

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
Misalignment(m1) -0.003 -0.009 0.004

(0.003) (0.008) (0.004)
Misalignment(m4) -0.002 -0.011 0.005

(0.003) (0.009) (0.004)
Misalignment(pmg) -0.004 -0.009 0.001

(0.003) (0.009) (0.004)
Misalignment(csardl) -0.007∗∗ -0.019∗ -0.003

(0.003) (0.011) (0.003)
constant 0.003 0.006 -0.003 0.003 0.008 -0.005 0.004 0.007 -0.001 0.008∗ 0.017 0.004

(0.003) (0.008) (0.004) (0.004) (0.010) (0.005) (0.004) (0.008) (0.005) (0.004) (0.011) (0.005)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 749 199 550 695 173 522 723 189 534 723 189 534
R-squared 0.011 0.069 0.012 0.012 0.085 0.014 0.013 0.071 0.010 0.018 0.086 0.012

Source: Authors’ calculation using UNIDO database
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 17: Structural Change and Persistent RER Undervaluation (GGDC 10-Sector Data)

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
underval(m1) -0.010 -0.023∗∗ 0.007∗

(0.006) (0.011) (0.004)
underval(m4) -0.013∗∗∗ -0.010∗∗ 0.006

(0.003) (0.004) (0.009)
underval(pmg) -0.007 -0.002 0.003

(0.005) (0.006) (0.008)
underval(csardl) -0.007 0.003 -0.003

(0.005) (0.006) (0.009)
constant 0.012∗ 0.018 0.003 0.017∗∗∗ 0.016∗∗∗ -0.003 0.012∗∗∗ 0.010∗∗ 0.002 0.012∗∗ 0.005 0.008

(0.007) (0.011) (0.004) (0.003) (0.004) (0.009) (0.004) (0.005) (0.008) (0.005) (0.006) (0.011)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 456.000 274.000 182.000 416.000 228.000 188.000 348.000 166.000 182.000 364.000 196.000 168.000
R-squared 0.092 0.179 0.549 0.193 0.219 0.309 0.140 0.205 0.200 0.097 0.189 0.163

Source: Authors’ calculation using GGDC 10-sector database Timmer et al. (2015)
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and
1 %, respectively. The dependent variable is structural transformation. Developing countries are identified
by the threshold in per capita GDP used by Rodrik (2008) ($6000).
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Table 18: Structural Change and Persistent RER Undervaluation (ETD 12-Sector Data)

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
underval(m1) 0.016 0.018 0.014

(0.014) (0.016) (0.012)
underval(m4) -0.005 -0.018 -0.004

(0.008) (0.012) (0.012)
underval(pmg) -0.013 -0.045∗∗ 0.013

(0.011) (0.019) (0.012)
underval(csardl) 0.003 0.002 0.008

(0.045) (0.060) (0.014)
constant -0.002 -0.001 -0.001 0.011∗∗ 0.017∗∗ 0.008 0.016∗∗∗ 0.022∗∗∗ -0.005 0.002 0.002 -0.000

(0.006) (0.007) (0.004) (0.005) (0.007) (0.008) (0.006) (0.006) (0.004) (0.021) (0.025) (0.005)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 165 138 27 299 211 88 147 99 48 90 68 22
R-squared 0.215 0.238 0.988 0.212 0.253 0.442 0.373 0.518 0.689 0.111 0.153 0.320

Source: Authors’ calculation using GGDC/UNU-WIDER Economic Transformation database Hamilton and
de Vries (2023); Kruse et al. (2023)
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and
1 %, respectively. The dependent variable is structural transformation. Developing countries are identified
by the threshold in per capita GDP used by Rodrik (2008) ($6000).
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Table 19: Structural Change and Persistent RER Undervaluation in Manufacturing Sectors

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
underval(m1) 0.043 0.138∗ -0.015

(0.032) (0.072) (0.019)
underval(m4) -0.002 0.007 0.002

(0.014) (0.023) (0.021)
underval(pmg) -0.008 -0.032 0.001

(0.012) (0.038) (0.008)
underval(csardl) -0.029∗∗ -0.014 -0.024∗∗∗

(0.011) (0.031) (0.006)
constant -0.054 -0.149∗ 0.014 0.003 -0.006 -0.001 0.011 0.028 0.001 0.034∗∗∗ 0.018 0.030∗∗∗

(0.038) (0.078) (0.022) (0.015) (0.024) (0.024) (0.012) (0.034) (0.009) (0.013) (0.031) (0.008)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 730 373 357 890 378 512 768 242 526 784 270 514
R-squared 0.079 0.137 0.184 0.054 0.126 0.103 0.154 0.271 0.268 0.131 0.330 0.259

Source: Authors’ calculation using UNIDO database
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 20: Structural Change and Persistent RER Undervaluation in Technology-Intensive
Manufacturing Sectors

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
underval(m1) 0.006 0.013 0.005∗∗∗

(0.007) (0.017) (0.002)
underval(m4) -0.001 -0.005 0.006

(0.007) (0.015) (0.004)
underval(pmg) 0.002 -0.010 0.005∗

(0.007) (0.026) (0.003)
underval(csardl) -0.015∗ -0.0002 -0.008∗∗∗

(0.008) (0.023) (0.002)
constant -0.008 -0.015 -0.005∗∗ 0.002 0.004 -0.005 -0.001 0.005 -0.004 0.016∗ 0.001 0.009∗∗∗

(0.009) (0.018) (0.002) (0.007) (0.016) (0.005) (0.007) (0.023) (0.003) (0.009) (0.022) (0.003)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 730 373 357 890 378 512 768 242 526 784 270 514
R-squared 0.085 0.125 0.354 0.054 0.112 0.147 0.135 0.248 0.320 0.131 0.289 0.276

Source: Authors’ calculation using UNIDO database
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 21: Robustness Checks: The Impact of RER Misalignment on Structural Change(Excluding
Top/Bottom 1% of Dependent Variable, 5-Year Period)

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
Misalignment(m1) 0.007∗∗ 0.007 0.009∗∗

(0.003) (0.006) (0.004)
Misalignment(m4) 0.006∗ 0.006 0.008∗

(0.004) (0.006) (0.004)
Misalignment(pmg) 0.007∗∗ 0.007 0.009∗∗

(0.003) (0.006) (0.004)
Misalignment(csardl) 0.005 0.011∗ 0.004

(0.003) (0.007) (0.003)
constant 0.006∗∗∗ 0.006∗∗ 0.009∗∗∗ 0.004∗∗∗ 0.004 0.007∗∗∗ 0.006∗∗∗ 0.006∗∗ 0.008∗∗∗ 0.005∗∗∗ 0.005∗∗ 0.008∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.003) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 364 181 183 340 163 177 358 181 177 358 181 177
R-squared 0.059 0.087 0.099 0.054 0.089 0.095 0.059 0.087 0.106 0.053 0.096 0.080

Source: Authors’ calculation using GGDC/UNU-WIDER Economic Transformation database Hamilton and de Vries (2023);
Kruse et al. (2023)
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 22: Robustness Checks: The Impact of RER Misalignment on Structural Change(Excluding
Top/Bottom 5% of Dependent Variable, 5-Year Period)

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
Misalignment(m1) 0.009∗∗∗ 0.013∗∗∗ 0.006∗∗

(0.002) (0.005) (0.003)
Misalignment(m4) 0.007∗∗∗ 0.010∗∗ 0.006∗

(0.003) (0.005) (0.003)
Misalignment(pmg) 0.009∗∗∗ 0.013∗∗∗ 0.007∗∗

(0.002) (0.005) (0.003)
Misalignment(csardl) 0.007∗∗∗ 0.015∗∗∗ 0.004

(0.002) (0.005) (0.002)
constant 0.005∗∗∗ 0.006∗∗∗ 0.007∗∗∗ 0.004∗∗∗ 0.004∗ 0.006∗∗∗ 0.005∗∗∗ 0.006∗∗∗ 0.007∗∗∗ 0.005∗∗∗ 0.005∗∗∗ 0.007∗∗∗

(0.001) (0.002) (0.002) (0.001) (0.002) (0.002) (0.001) (0.002) (0.002) (0.001) (0.002) (0.002)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 335 157 178 313 141 172 329 157 172 329 157 172
R-squared 0.089 0.128 0.105 0.073 0.107 0.101 0.093 0.135 0.118 0.075 0.135 0.095

Source: Authors’ calculation using GGDC/UNU-WIDER Economic Transformation database Hamilton and de Vries (2023);
Kruse et al. (2023)
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 23: Robustness Checks: The Impact of RER Misalignment on Structural Change(Excluding
Top/Bottom 1% of Independent Variable, 5-Year Period)

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
Misalignment(m1) -0.0004 -0.006 0.006

(0.006) (0.010) (0.005)
Misalignment(m4) 0.0004 -0.012 0.005

(0.006) (0.013) (0.004)
Misalignment(pmg) 0.002 -0.002 0.007

(0.005) (0.009) (0.004)
Misalignment(csardl) -0.001 0.002 0.003

(0.005) (0.010) (0.004)
constant 0.005∗∗ 0.004 0.008∗∗∗ 0.005∗ 0.005 0.006∗∗∗ 0.005∗ 0.004 0.007∗∗∗ 0.004∗ 0.004 0.007∗∗∗

(0.002) (0.004) (0.002) (0.002) (0.004) (0.002) (0.002) (0.004) (0.002) (0.002) (0.003) (0.002)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 367 185 182 342 165 177 359 184 175 362 185 177
R-squared 0.034 0.063 0.094 0.032 0.072 0.092 0.033 0.065 0.093 0.034 0.062 0.089

Source: Authors’ calculation using GGDC/UNU-WIDER Economic Transformation database Hamilton and de Vries (2023);
Kruse et al. (2023)
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 24: Robustness Checks: The Impact of RER Misalignment on Structural Change(Excluding
Top/Bottom 5% of Independent Variable, 5-Year Period)

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
Misalignment(m1) -0.001 -0.008 0.005

(0.007) (0.012) (0.006)
Misalignment(m4) 0.001 -0.008 0.002

(0.007) (0.015) (0.006)
Misalignment(pmg) -0.001 -0.003 0.005

(0.006) (0.012) (0.005)
Misalignment(csardl) -0.002 -0.001 0.005

(0.006) (0.011) (0.004)
constant 0.005∗ 0.003 0.008∗∗∗ 0.005∗ 0.005 0.007∗∗∗ 0.005∗ 0.005 0.007∗∗∗ 0.004 0.003 0.007∗∗∗

(0.003) (0.004) (0.002) (0.003) (0.004) (0.002) (0.002) (0.004) (0.002) (0.002) (0.004) (0.002)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 341 176 165 317 155 162 335 173 162 341 178 163
R-squared 0.028 0.060 0.082 0.029 0.073 0.076 0.029 0.065 0.058 0.035 0.061 0.093

Source: Authors’ calculation using GGDC/UNU-WIDER Economic Transformation database Hamilton and de Vries (2023);
Kruse et al. (2023)
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 25: Robustness Checks: The Impact of RER Misalignment on Structural Change:
Analysis by Region Exclusion

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
Results Excluding Region: Asia

Misalignment(m1) 0.005 0.001 0.009
(0.007) (0.012) (0.006)

Misalignment(m4) 0.005 -0.001 0.006
(0.007) (0.012) (0.005)

Misalignment(pmg) 0.004 -0.000 0.008
(0.006) (0.011) (0.005)

Misalignment(csardl) -0.001 -0.003 0.004
(0.007) (0.015) (0.004)

Observations 257 127 130 246 116 130 257 127 130 257 127 130
R-squared 0.048 0.082 0.102 0.041 0.081 0.095 0.046 0.082 0.103 0.045 0.082 0.089

Results Excluding Region: Europe and Central Asia
Misalignment(m1) 0.008∗ 0.007 0.014∗∗∗

(0.005) (0.008) (0.005)
Misalignment(m4) 0.007 0.006 0.011∗∗

(0.005) (0.009) (0.005)
Misalignment(pmg) 0.009∗ 0.008 0.014∗∗∗

(0.005) (0.008) (0.005)
Misalignment(csardl) 0.007 0.009 0.009∗∗

(0.005) (0.009) (0.004)
Observations 300 166 134 276 148 128 294 166 128 294 166 128
R-squared 0.050 0.057 0.153 0.049 0.069 0.132 0.050 0.058 0.163 0.048 0.058 0.126

Results Excluding Region: Latin America
Misalignment(m1) 0.003 0.003 0.004

(0.006) (0.009) (0.006)
Misalignment(m4) 0.003 0.001 0.004

(0.006) (0.010) (0.006)
Misalignment(pmg) 0.002 0.002 0.005

(0.006) (0.009) (0.006)
Misalignment(csardl) -0.001 0.004 0.002

(0.005) (0.010) (0.004)
Observations 311 175 136 287 157 130 305 175 130 305 175 130
R-squared 0.031 0.065 0.049 0.030 0.072 0.052 0.031 0.065 0.056 0.031 0.065 0.050

Results Excluding Region: Sub-Saharan Africa
Misalignment(m1) 0.001 -0.012 0.004

(0.005) (0.014) (0.004)
Misalignment(m4) 0.003 -0.011 0.003

(0.006) (0.016) (0.004)
Misalignment(pmg) 0.000 -0.013 0.003

(0.005) (0.013) (0.004)
Misalignment(csardl) -0.003 -0.008 0.002

(0.005) (0.014) (0.004)
Observations 263 100 163 250 93 157 257 100 157 257 100 157
R-squared 0.085 0.145 0.168 0.091 0.152 0.172 0.088 0.149 0.174 0.090 0.141 0.171

Results Excluding Region: Middle-East and North Africa
Misalignment(m1) 0.005 0.004 0.006

(0.005) (0.009) (0.004)
Misalignment(m4) 0.005 0.003 0.006

(0.005) (0.009) (0.004)
Misalignment(pmg) 0.004 0.003 0.006

(0.005) (0.009) (0.004)
Misalignment(csardl) 0.000 0.005 0.004

(0.005) (0.010) (0.004)
Observations 353 180 173 329 162 167 347 180 167 347 180 167
R-squared 0.040 0.071 0.107 0.039 0.080 0.106 0.040 0.071 0.111 0.038 0.071 0.102

Source: Authors’ calculation using GGDC/UNU-WIDER Economic Transformation database Hamilton and de Vries (2023);
Kruse et al. (2023)
Note: All regressions include country and year fixed effects. The constant terms are estimated but not reported. Standard
errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively. The dependent
variable is structural transformation. Developing countries are identified by the threshold in per capita GDP used by Rodrik
(2008) ($6000).
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Table 26: Robustness Checks: The Impact of RER Misalignment on Structural Change in Manu-
facturing Sectors (Excluding Top/Bottom1% of Dependent Variable, 5-Year Period)

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
Misalignment(m1) -0.002 -0.003 0.003

(0.004) (0.010) (0.007)
Misalignment(m4) 0.0002 0.011 0.001

(0.004) (0.010) (0.007)
Misalignment(pmg) 0.0005 0.003 0.006

(0.004) (0.009) (0.007)
Misalignment(csardl) -0.001 -0.004 0.005

(0.004) (0.011) (0.006)
constant 0.002 0.002 -0.002 0.002 -0.006 -0.001 0.000 -0.001 -0.007 0.001 0.004 -0.007

(0.004) (0.008) (0.006) (0.005) (0.010) (0.008) (0.005) (0.009) (0.008) (0.005) (0.011) (0.008)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 784 218 566 729 191 538 758 208 550 758 208 550
R-squared 0.024 0.134 0.011 0.027 0.158 0.011 0.025 0.139 0.013 0.025 0.139 0.013

Source: Authors’ calculation using UNIDO database constant ppp2011
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 27: Robustness Checks: The Impact of RER Misalignment on Structural Change in Manu-
facturing Sectors (Excluding Top/Bottom 5% of Dependent Variable, 5-Year Period)

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
Misalignment(m1) -0.003 -0.010∗ -0.002

(0.002) (0.005) (0.003)
Misalignment(m4) -0.004∗ -0.010∗ -0.005

(0.002) (0.005) (0.003)
Misalignment(pmg) -0.001 -0.008 0.002

(0.002) (0.005) (0.003)
Misalignment(csardl) -0.001 -0.011 0.003

(0.002) (0.006) (0.003)
constant 0.002 0.007∗ 0.001 0.004∗ 0.008 0.005 0.002 0.007 -0.002 0.002 0.010∗ -0.003

(0.002) (0.004) (0.003) (0.002) (0.005) (0.004) (0.002) (0.004) (0.004) (0.003) (0.006) (0.004)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 715 192 523 666 170 496 692 184 508 692 184 508
R-squared 0.042 0.142 0.046 0.046 0.167 0.052 0.040 0.150 0.048 0.040 0.151 0.050

Source: Authors’ calculation using UNIDO database constant ppp2011
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 28: Robustness Checks: The Impact of RER Misalignment on Structural Change in Manu-
facturing Sectors (Excluding Top/Bottom 1% of Independent Variable, 5-Year Period)

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
Misalignment(m1) 0.008 0.051 -0.006

(0.016) (0.058) (0.020)
Misalignment(m4) 0.009 0.058∗ 0.0003

(0.013) (0.033) (0.021)
Misalignment(pmg) 0.012 0.064 -0.005

(0.017) (0.060) (0.020)
Misalignment(csardl) 0.002 0.059 -0.009

(0.017) (0.068) (0.017)
constant -0.005 -0.042 0.009 -0.003 -0.035 0.005 -0.010 -0.050 0.010 -0.002 -0.059 0.015

(0.015) (0.048) (0.018) (0.015) (0.030) (0.024) (0.018) (0.052) (0.023) (0.021) (0.067) (0.023)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 790 221 569 732 190 542 764 209 555 760 209 551
R-squared 0.015 0.037 0.014 0.017 0.107 0.013 0.016 0.046 0.014 0.015 0.044 0.014

Source: Authors’ calculation using UNIDO database constant ppp2011
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 29: Robustness Checks: The Impact of RER Misalignment on Structural Change in Manu-
facturing Sectors (Excluding Top/Bottom 5% of Independent Variable, 5-Year Period)

Dependent variable: Structural change

I II III IV V VI VII VIII IX X XI XII

Full Developing Developed Full Developing Developed Full Developing Developed Full Developing Developed
Misalignment(m1) 0.002 0.074 -0.024∗

(0.017) (0.069) (0.014)
Misalignment(m4) 0.013 0.071∗ 0.005

(0.015) (0.038) (0.023)
Misalignment(pmg) 0.004 0.079 -0.025

(0.018) (0.070) (0.015)
Misalignment(csardl) 0.003 0.076 -0.011

(0.020) (0.077) (0.020)
constant -0.000 -0.042 0.019 -0.004 -0.030 -0.005 0.002 -0.051 0.027 0.001 -0.063 0.009

(0.016) (0.058) (0.014) (0.019) (0.036) (0.030) (0.020) (0.058) (0.022) (0.026) (0.072) (0.038)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 720 204 516 664 175 489 699 196 503 681 197 484
R-squared 0.014 0.041 0.015 0.019 0.119 0.014 0.014 0.045 0.014 0.016 0.046 0.014

Source: Authors’ calculation using UNIDO database constant ppp2011
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 30: Robustness Checks: The Impact of RER Misalignment on Structural Change:
Analysis by Region Exclusion

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped

Results Excluding Region: East Asia and Pacific

Misalignment(m1) 0.009 0.024 0.017
(0.013) (0.029) (0.021)

Misalignment(m4) 0.018 0.048 0.024
(0.014) (0.031) (0.023)

Misalignment(pmg) 0.012 0.032 0.019
(0.013) (0.028) (0.021)

Misalignment(csardl) 0.002 0.028 0.007
(0.013) (0.034) (0.018)

Observations 658 177 481 621 158 463 649 174 475 649 174 475
R-squared 0.025 0.096 0.025 0.028 0.118 0.026 0.026 0.103 0.025 0.024 0.097 0.024

Results Excluding Region: South Asia

Misalignment(m1) 0.008 0.050 -0.004
(0.016) (0.056) (0.019)

Misalignment(m4) 0.010 0.050∗ -0.000
(0.013) (0.029) (0.021)

Misalignment(pmg) 0.009 0.049 -0.007
(0.016) (0.055) (0.019)

Misalignment(csardl) -0.000 0.054 -0.010
(0.016) (0.067) (0.017)

Observations 776 203 573 720 175 545 750 193 557 750 193 557
R-squared 0.015 0.044 0.013 0.018 0.117 0.013 0.016 0.047 0.013 0.015 0.045 0.013

Results Excluding Region: Europe and Central Asia

Misalignment(m1) 0.018 0.047 0.005
(0.021) (0.052) (0.031)

Misalignment(m4) 0.017 0.041∗ 0.009
(0.015) (0.022) (0.033)

Misalignment(pmg) 0.022 0.045 0.006
(0.022) (0.050) (0.033)

Misalignment(csardl) 0.011 0.047 0.003
(0.023) (0.064) (0.029)

Observations 501 208 293 458 182 276 475 198 277 475 198 277
R-squared 0.028 0.068 0.031 0.035 0.142 0.032 0.031 0.071 0.031 0.029 0.069 0.031

Results Excluding Region: Latin America

Misalignment(m1) 0.008 0.050 -0.006
(0.018) (0.059) (0.023)

Misalignment(m4) 0.009 0.049∗ -0.002
(0.014) (0.030) (0.025)

Misalignment(pmg) 0.008 0.045 -0.011
(0.018) (0.058) (0.023)

Misalignment(csardl) -0.002 0.052 -0.012
(0.018) (0.072) (0.019)

Observations 676 186 490 629 160 469 656 176 480 656 176 480
R-squared 0.019 0.052 0.016 0.019 0.119 0.016 0.020 0.055 0.016 0.020 0.054 0.017

Results Excluding Region: Sub-Saharan Africa

Misalignment(m1) 0.012 0.050 -0.005
(0.016) (0.066) (0.019)

Misalignment(m4) 0.012 0.032 -0.001
(0.013) (0.024) (0.022)

Misalignment(pmg) 0.010 0.041 -0.011
(0.016) (0.064) (0.020)

Misalignment(csardl) 0.006 0.081 -0.014
(0.018) (0.086) (0.018)

Observations 711 157 554 665 139 526 685 147 538 685 147 538
R-squared 0.013 0.034 0.014 0.014 0.105 0.014 0.013 0.034 0.014 0.012 0.039 0.015

Results Excluding Region: Middle-East and North Africa
Continued on next page
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Table 30: Robustness Checks: The Impact of RER Misalignment on Structural
Change:Analysis by Region Exclusion (Continued)

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped

Misalignment(m1) -0.006 0.089 -0.028∗

(0.019) (0.083) (0.014)
Misalignment(m4) -0.011 0.071 -0.029∗

(0.013) (0.043) (0.016)
Misalignment(pmg) -0.007 0.065 -0.028∗∗

(0.018) (0.075) (0.014)
Misalignment(csardl) -0.010 0.069 -0.022∗

(0.017) (0.085) (0.012)
Observations 698 189 509 647 166 481 675 182 493 675 182 493
R-squared 0.016 0.047 0.016 0.019 0.113 0.015 0.017 0.047 0.017 0.017 0.046 0.015

Results Excluding Region: North America

Misalignment(m1) 0.009 0.048 -0.004
(0.016) (0.052) (0.019)

Misalignment(m4) 0.010 0.046∗ -0.000
(0.013) (0.026) (0.021)

Misalignment(pmg) 0.009 0.045 -0.007
(0.016) (0.050) (0.020)

Misalignment(csardl) 0.001 0.051 -0.010
(0.016) (0.062) (0.017)

Observations 780 224 556 724 196 528 754 214 540 754 214 540
R-squared 0.016 0.041 0.014 0.019 0.108 0.014 0.016 0.044 0.014 0.016 0.043 0.014

Source: Authors’ calculation using UNIDO database constant ppp 2011
Note: All regressions include country and year fixed effects. The constant terms are estimated but not reported. Standard
errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively. The dependent
variable is structural transformation. Developing countries are identified by the threshold in per capita GDP used by Rodrik
(2008) ($6000).
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Table 31: Robustness Checks: The Impact of RER Misalignment on Structural Change in
Technology-Intensive Manufacturing Sectors(Excluding Top/Bottom 1% of Dependent Variable,
5-Year Period)

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped
Misalignment(m1) -0.001 -0.001 0.001

(0.001) (0.002) (0.001)
Misalignment(m4) -0.000 -0.001 0.003∗∗

(0.001) (0.002) (0.001)
Misalignment(pmg) -0.001 -0.001 0.001

(0.001) (0.002) (0.001)
Misalignment(csardl) -0.002∗∗ -0.003 -0.002∗

(0.001) (0.003) (0.001)
constant 0.001 0.002 -0.001 0.000 0.002 -0.002∗ 0.001 0.002 -0.001 0.003∗∗ 0.004 0.002

(0.001) (0.002) (0.001) (0.001) (0.003) (0.001) (0.001) (0.002) (0.001) (0.001) (0.003) (0.001)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 734 193 541 682 168 514 709 183 526 709 183 526
R-squared 0.033 0.093 0.028 0.034 0.091 0.035 0.034 0.087 0.027 0.041 0.093 0.032
Source: Authors’ calculation using UNIDO database
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 32: Robustness Checks: The Impact of RER Misalignment on Structural Change in
Technology-Intensive Manufacturing Sectors(Excluding Top/Bottom 5% of Dependent Variable,
5-Year Period)

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped
Misalignment(m1) -0.001 -0.002 -0.001

(0.000) (0.001) (0.001)
Misalignment(m4) -0.001 -0.002 -0.001

(0.000) (0.001) (0.001)
Misalignment(pmg) -0.001 -0.002∗ -0.000

(0.000) (0.001) (0.001)
Misalignment(csardl) -0.001∗ -0.003∗ -0.000

(0.000) (0.002) (0.001)
constant 0.001∗∗ 0.002∗ 0.001∗∗ 0.001∗∗ 0.002∗ 0.001∗∗ 0.001∗∗ 0.003∗∗ 0.001 0.001∗∗ 0.003∗∗ 0.001

(0.000) (0.001) (0.001) (0.001) (0.001) (0.001) (0.000) (0.001) (0.001) (0.001) (0.002) (0.001)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 674 173 501 625 149 476 651 163 488 651 163 488
R-squared 0.042 0.089 0.043 0.039 0.090 0.045 0.039 0.088 0.041 0.040 0.084 0.040
Source: Authors’ calculation using UNIDO database
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 33: Robustness Checks: The Impact of RER Misalignment on Structural Change in
Technology-Intensive Manufacturing Sectors(Excluding Top/Bottom 1% of Independent Variable,
5-Year Period)

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped
Misalignment(m1) -0.003 -0.012 0.004

(0.003) (0.009) (0.004)
Misalignment(m4) -0.003 -0.021 0.006

(0.004) (0.013) (0.004)
Misalignment(pmg) -0.005 -0.012 0.001

(0.003) (0.010) (0.004)
Misalignment(csardl) -0.007∗∗ -0.022∗ -0.002

(0.003) (0.012) (0.004)
constant 0.003 0.008 -0.003 0.003 0.013 -0.006 0.005 0.008 -0.001 0.008∗ 0.019 0.002

(0.003) (0.008) (0.004) (0.004) (0.011) (0.005) (0.004) (0.009) (0.005) (0.004) (0.012) (0.005)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 741 196 545 685 167 518 714 185 529 709 184 525
R-squared 0.010 0.072 0.012 0.012 0.098 0.014 0.014 0.073 0.010 0.017 0.090 0.010
Source: Authors’ calculation using UNIDO database
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 34: Robustness Checks: The Impact of RER Misalignment on Structural Change in
Technology-Intensive Manufacturing Sectors(Excluding Top/Bottom 5% of Independent Variable,
5-Year Period)

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped
Misalignment(m1) -0.004 -0.016 0.004

(0.004) (0.012) (0.005)
Misalignment(m4) -0.003 -0.024 0.006

(0.004) (0.014) (0.005)
Misalignment(pmg) -0.006 -0.017 0.001

(0.004) (0.012) (0.005)
Misalignment(csardl) -0.008∗ -0.027∗ -0.000

(0.004) (0.014) (0.004)
constant 0.004 0.011 -0.003 0.004 0.016 -0.006 0.005 0.010 -0.003 0.009∗ 0.021 0.001

(0.004) (0.010) (0.005) (0.006) (0.014) (0.006) (0.005) (0.010) (0.007) (0.006) (0.013) (0.009)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 676 181 495 628 156 472 656 173 483 637 174 463
R-squared 0.010 0.077 0.014 0.013 0.101 0.016 0.014 0.080 0.011 0.017 0.096 0.011
Source: Authors’ calculation using UNIDO database
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 35: Robustness Checks: The Impact of RER Misalignment on Structural Change in
Technology-Intensive Manufacturing Sectors: Analysis by Region Exclusion

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped
Results Excluding Region: East Asia and Pacific

Misalignment(m1) -0.004 -0.011 0.004
(0.004) (0.010) (0.005)

Misalignment(m4) -0.003 -0.012 0.006
(0.004) (0.011) (0.005)

Misalignment(pmg) -0.005 -0.011 0.000
(0.004) (0.010) (0.005)

Misalignment(csardl) -0.008∗∗ -0.022∗ -0.004
(0.004) (0.013) (0.004)

Observations 614 155 459 579 138 441 605 152 453 605 152 453
R-squared 0.016 0.102 0.013 0.017 0.113 0.015 0.018 0.104 0.011 0.024 0.121 0.014

Results Excluding Region: South Asia
Misalignment(m1) -0.004 -0.010 0.004

(0.003) (0.009) (0.004)
Misalignment(m4) -0.003 -0.011 0.005

(0.004) (0.010) (0.004)
Misalignment(pmg) -0.004 -0.009 0.001

(0.003) (0.009) (0.004)
Misalignment(csardl) -0.007∗∗ -0.020∗ -0.003

(0.003) (0.012) (0.003)
Observations 729 182 547 675 156 519 703 172 531 703 172 531
R-squared 0.012 0.071 0.012 0.013 0.089 0.014 0.014 0.073 0.010 0.019 0.089 0.011

Results Excluding Region: Europe and Central Asia
Misalignment(m1) 0.003 -0.000 0.012

(0.003) (0.003) (0.008)
Misalignment(m4) 0.004 -0.001 0.013

(0.003) (0.003) (0.008)
Misalignment(pmg) 0.002 -0.000 0.007

(0.003) (0.003) (0.008)
Misalignment(csardl) -0.001 -0.002 -0.002

(0.004) (0.004) (0.007)
Observations 458 186 272 416 161 255 432 176 256 432 176 256
R-squared 0.013 0.068 0.031 0.015 0.094 0.034 0.012 0.065 0.025 0.012 0.067 0.021

Results Excluding Region: Latin America
Misalignment(m1) -0.004 -0.009 0.004

(0.004) (0.009) (0.005)
Misalignment(m4) -0.003 -0.011 0.006

(0.004) (0.011) (0.005)
Misalignment(pmg) -0.005 -0.009 0.000

(0.004) (0.010) (0.005)
Misalignment(csardl) -0.008∗∗ -0.020∗ -0.004

(0.004) (0.012) (0.004)
Observations 645 168 477 600 144 456 625 158 467 625 158 467
R-squared 0.012 0.071 0.015 0.012 0.089 0.018 0.013 0.075 0.013 0.019 0.091 0.016

Results Excluding Region: Sub-Saharan Africa
Misalignment(m1) -0.003 -0.010 0.004

(0.004) (0.011) (0.004)
Misalignment(m4) -0.002 -0.012 0.006

(0.004) (0.012) (0.004)
Misalignment(pmg) -0.004 -0.010 0.000

(0.003) (0.011) (0.004)
Misalignment(csardl) -0.008∗∗ -0.023 -0.004

(0.004) (0.016) (0.004)
Observations 666 138 528 621 121 500 640 128 512 640 128 512
R-squared 0.012 0.085 0.015 0.013 0.101 0.018 0.014 0.089 0.013 0.021 0.105 0.016

Results Excluding Region: Middle-East and North Africa
Misalignment(m1) -0.008∗∗ -0.025∗ -0.000

(0.004) (0.014) (0.002)
Misalignment(m4) -0.008∗ -0.030∗ 0.000

(0.004) (0.017) (0.002)
Misalignment(pmg) -0.006∗ -0.021 0.001

(0.003) (0.014) (0.001)
Misalignment(csardl) -0.007∗∗ -0.034∗∗ -0.000

(0.003) (0.016) (0.001)
Continued on next page
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Table 35: Robustness Checks: The Impact of RER Misalignment on Structural Change in
Technology-Intensive Manufacturing Sectors:Analysis by Region Exclusion (Continued)

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped
Observations 653 166 487 604 145 459 630 159 471 630 159 471
R-squared 0.024 0.091 0.010 0.027 0.115 0.006 0.023 0.088 0.007 0.027 0.110 0.006

Results Excluding Region: North America
Misalignment(m1) -0.003 -0.009 0.004

(0.003) (0.008) (0.004)
Misalignment(m4) -0.002 -0.011 0.006

(0.004) (0.009) (0.004)
Misalignment(pmg) -0.004 -0.009 0.001

(0.003) (0.009) (0.004)
Misalignment(csardl) -0.007∗∗ -0.019∗ -0.003

(0.003) (0.011) (0.003)
Observations 729 199 530 675 173 502 703 189 514 703 189 514
R-squared 0.011 0.069 0.012 0.013 0.085 0.014 0.013 0.071 0.010 0.018 0.086 0.012
Source: Authors’ calculation using UNIDO database constant ppp 2011
Note: All regressions include country and year fixed effects. The constant terms are estimated but not reported. Standard
errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively. The dependent
variable is structural transformation. Developing countries are identified by the threshold in per capita GDP used by Rodrik
(2008) ($6000).
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Table 36: Robustness Checks: The Impact of RER Misalignment on Structural Change (7-year
period)

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped
Misalignment(m1) 0.002 0.003 0.007

(0.008) (0.016) (0.005)
Misalignment(m4) -0.0003 0.0004 0.004

(0.008) (0.017) (0.005)
Misalignment(pmg) 0.003 0.005 0.007

(0.008) (0.016) (0.005)
Misalignment(csardl) -0.001 0.006 0.005

(0.008) (0.018) (0.004)
constant 0.006∗ 0.007 0.007∗∗∗ 0.006∗∗ 0.008 0.005∗∗∗ 0.006∗∗ 0.007 0.007∗∗∗ 0.005∗ 0.007 0.007∗∗∗

(0.003) (0.005) (0.002) (0.003) (0.005) (0.002) (0.003) (0.005) (0.002) (0.003) (0.005) (0.002)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 243 125 118 229 115 114 239 125 114 239 125 114
R-squared 0.005 0.004 0.105 0.005 0.011 0.093 0.006 0.005 0.110 0.005 0.005 0.101
Source: Authors’ calculation using GGDC/UNU-WIDER Economic Transformation database Hamilton and de Vries (2023);
Kruse et al. (2023)
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 37: Robustness Checks: The Impact of RER Misalignment on Structural Change in Manu-
facturing Sectors (7-Year Period)

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped
Misalignment(m1) 0.011 -0.002 -0.032

(0.051) (0.016) (0.097)
Misalignment(m4) 0.019 -0.004 -0.014

(0.053) (0.017) (0.108)
Misalignment(pmg) 0.018 -0.001 -0.018

(0.050) (0.016) (0.095)
Misalignment(csardl) 0.004 0.001 -0.014

(0.052) (0.021) (0.083)
constant -0.002 0.005 0.044 -0.012 -0.005 0.037 -0.010 0.004 0.040 0.001 0.003 0.038

(0.040) (0.011) (0.074) (0.050) (0.013) (0.104) (0.048) (0.012) (0.097) (0.056) (0.017) (0.096)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 535 146 389 507 134 373 520 141 379 520 141 379
R-squared 0.016 0.109 0.025 0.017 0.111 0.025 0.017 0.107 0.025 0.017 0.107 0.025
Source: Authors’ calculation using UNIDO database constant ppp2011
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 38: Robustness Checks: The Impact of RER Misalignment on Structural Change in
Technology-Intensive Manufacturing (7-Year Period)

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped
Misalignment(m1) 0.001 0.003 0.003

(0.002) (0.005) (0.003)
Misalignment(m4) 0.002 0.003 0.007∗∗

(0.002) (0.005) (0.003)
Misalignment(pmg) -0.001 0.002 -0.001

(0.002) (0.005) (0.003)
Misalignment(csardl) -0.004∗∗ 0.004 -0.006∗∗∗

(0.002) (0.006) (0.002)
constant 0.000 -0.002 -0.001 -0.001 -0.001 -0.006∗∗ 0.001 -0.001 0.001 0.005∗∗ -0.003 0.007∗∗∗

(0.001) (0.003) (0.002) (0.002) (0.004) (0.003) (0.002) (0.004) (0.003) (0.002) (0.005) (0.003)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 534 145 389 506 133 373 519 140 379 519 140 379
R-squared 0.042 0.114 0.029 0.042 0.119 0.043 0.037 0.110 0.023 0.047 0.112 0.047
Source: Authors’ calculation using UNIDO database constant ppp2011
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 39: Robustness Checks: The Impact of RER Misalignment on Structural Change (10-Year
Period)

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped
Misalignment(m1) 0.011 0.013 0.008∗

(0.007) (0.013) (0.005)
Misalignment(m4) 0.009 0.011 0.007

(0.007) (0.014) (0.004)
Misalignment(pmg) 0.012∗ 0.016 0.008∗

(0.007) (0.013) (0.005)
Misalignment(csardl) 0.009 0.014 0.004

(0.007) (0.015) (0.004)
constant 0.007∗∗∗ 0.009∗∗ 0.005∗∗∗ 0.005∗∗∗ 0.008∗∗ 0.003∗∗ 0.006∗∗∗ 0.009∗∗∗ 0.004∗∗∗ 0.006∗∗∗ 0.009∗∗ 0.004∗∗

(0.002) (0.004) (0.002) (0.002) (0.004) (0.001) (0.002) (0.003) (0.001) (0.002) (0.003) (0.002)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 179 91 88 168 83 85 176 91 85 176 91 85
R-squared 0.042 0.031 0.161 0.032 0.019 0.156 0.049 0.040 0.167 0.034 0.030 0.118
Source: Authors’ calculation using GGDC/UNU-WIDER Economic Transformation database Hamilton and de Vries (2023);
Kruse et al. (2023)
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 40: Robustness Checks: The Impact of RER Misalignment on Structural Change in Manu-
facturing Sectors (10-Year Period)

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped
Misalignment(m1) 0.027 0.054 0.011

(0.041) (0.123) (0.055)
Misalignment(m4) 0.009 0.012 0.006

(0.031) (0.027) (0.063)
Misalignment(pmg) 0.034 0.061 0.030

(0.040) (0.119) (0.056)
Misalignment(csardl) 0.048 0.077 0.026

(0.042) (0.156) (0.049)
constant -0.007 -0.002 -0.003 -0.005 0.001 -0.002 -0.017 -0.006 -0.021 -0.033 -0.024 -0.021

(0.024) (0.069) (0.031) (0.024) (0.018) (0.049) (0.031) (0.073) (0.046) (0.037) (0.104) (0.046)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 376 103 273 356 94 262 365 99 266 365 99 266
R-squared 0.003 0.066 0.016 0.014 0.031 0.016 0.004 0.068 0.017 0.006 0.068 0.017
Source: Authors’ calculation using UNIDO database constant ppp2011
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 41: Robustness Checks: The Impact of RER Misalignment on Structural Change in
Technology-Intensive Manufacturing (10-Year Period)

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped
Misalignment(m1) -0.0002 0.002 0.004

(0.003) (0.005) (0.005)
Misalignment(m4) -0.0002 0.001 0.005

(0.003) (0.005) (0.005)
Misalignment(pmg) -0.002 0.002 -0.0004

(0.003) (0.005) (0.005)
Misalignment(csardl) -0.003 0.003 -0.004

(0.003) (0.006) (0.004)
constant 0.002 0.002 -0.001 0.002 0.001 -0.003 0.003 0.002 0.001 0.004 0.001 0.004

(0.002) (0.003) (0.003) (0.002) (0.003) (0.004) (0.002) (0.003) (0.004) (0.002) (0.004) (0.004)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 375 102 273 355 93 262 364 98 266 364 98 266
R-squared 0.015 0.119 0.007 0.013 0.105 0.006 0.016 0.119 0.002 0.019 0.121 0.007
Source: Authors’ calculation using UNIDO database constant ppp2011
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Table 42: Robustness Checks: Structural Change and RER Misalignment in ETD 12-Sector Data
Using Industry-Specific PPP

Dependent variable: Structural change
I II III IV V VI VII VIII IX X XI XII

Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped Full DevelopingDeveloped
Misalignment(m1) 0.013 0.021 0.007

(0.017) (0.033) (0.015)
Misalignment(m4) 0.006 0.010 0.008

(0.017) (0.034) (0.015)
Misalignment(pmg) 0.012 0.021 0.004

(0.017) (0.033) (0.015)
Misalignment(csardl) 0.009 0.029 -0.001

(0.016) (0.037) (0.012)
constant 0.014∗ 0.023∗ 0.005 0.012 0.021 0.002 0.013∗ 0.022∗ 0.003 0.012∗ 0.021∗ 0.002

(0.008) (0.013) (0.008) (0.008) (0.014) (0.007) (0.007) (0.013) (0.007) (0.007) (0.013) (0.007)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 308 148 160 287 133 154 302 148 154 302 148 154
R-squared 0.008 0.020 0.021 0.009 0.030 0.022 0.008 0.020 0.020 0.008 0.022 0.020
Source: Authors’ calculation using GGDC/UNU-WIDER Economic Transformation database Hamilton and de Vries (2023);
Kruse et al. (2023)
The calculations are based on 2011 sectoral PPPs.
Note: Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
The dependent variable is structural transformation. Developing countries are identified by the threshold in per capita GDP
used by Rodrik (2008) ($6000).
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Chapter 2
Exchange Rates and Investments: Comparing the Ef-
fects of Exports and Imports

2.1 Introduction

In international economics, a considerable body of literature has explored the impact of ex-

change rate fluctuations and their volatility on investment decisions Avdjiev et al. (2019);

Bøler et al. (2015); Bruno and Shin (2019); Caglayan and Torres (2011); Campa and Gold-

berg (1995, 1999); Dao et al. (2021); Goldberg (1993); Kandilov and Leblebicioğlu (2011);

Nucci and Pozzolo (2001). These movements can have positive, negative, or indeterminate

impacts on investment, depending on a range of economic conditions. Exchange rate swings

influence investment through various mechanisms, including trade and financial channels,

leading to diverse outcomes. The trade channel is one mechanism through which exchange

rate swings affect investment, as they influence export revenues, import competition in the

domestic market, and the cost of imported inputs. A depreciation in the exchange rate

can enhance export competitiveness and reduce import competition, potentially increasing

both the marginal return on capital and production, thereby stimulating investment. How-

ever, depreciation can also raise the cost of essential imported inputs, which are crucial

for investments Brito et al. (2018). In addition to the trade channel, exchange rates can

significantly influence investment through financial channels. A depreciating currency can

tighten financial conditions and negatively impact investment, particularly when liabilities

are denominated in foreign currencies Banerjee et al. (2020). This depreciation can reduce

the availability of credit from banks, further exacerbating financial constraints and ampli-

fying the adverse effects on investment Bruno and Shin (2019);Avdjiev et al. (2019).On the

other hand, by lowering real wages, depreciation can strengthen internal financing and boost

investment levels Dao et al. (2021).

In this study, we analyze the impact of exchange rate swings on industry-level investments

by utilizing variations in industry-specific effective real exchange rates (IERER), which pro-
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vide a more precise measure of relative national prices than aggregate exchange rates. These

industry-specific exchange rates enable us to more accurately capture the effects of rel-

ative price changes on investment decisions, considering the substantial variations across

different industries within each country Neumann and Tabrizy (2021); Sato et al. (2020).

We specifically focus on industry-level tangible asset investments by excluding the varia-

tion in intangible investments (e.g., R&D) from gross fixed capital formation, ensuring a

targeted analysis of tangible investments alongside total investment figures. For this analy-

sis,we use a panel dataset covering 12 manufacturing industries across five European coun-

tries—Germany, Italy, the Netherlands, Norway, and the United Kingdom—spanning the

period from 2007 to 2017.

Our findings indicate that depreciation of the industry-level effective real exchange rate

negatively impacts total and tangible investments in industries that are not primarily export-

oriented. In contrast, heavily export-oriented industries are insulated from these changes,

maintaining their investment levels regardless of exchange rate movements. Additionally, we

find that variations in import competition do not affect the relationship between exchange

rates and investments. These insights improve our understanding of how investments across

manufacturing industries respond to shifts in relative national prices.

The remainder of the paper is structured as follows: Section 2.2 reviews the existing empirical

literature on the relationship between exchange rates and investment. Section 2.3 outlines

the data used and describes our empirical approach. Section 2.4 presents the results of our

estimations, and Section 2.5 concludes the paper.

2.2 Literature Review

There is extensive literature on the effects of real exchange rates on investment. Existing

empirical investigations can be broadly categorized into two groups: one strand of research

explores the impact of exchange rate uncertainty or volatility on investment, while the other,

to which our paper contributes, focuses on changes in investment in response to directional
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shifts in exchange rates, particularly appreciations and depreciations. This literature review

will begin with a brief overview of the first strand, then move on to the second, summarizing

key findings and positioning our research within this broader context.

The relationship between exchange rate volatility and investment is complex, shaped by fac-

tors such as risk aversion, risk-neutral behavior, adjustment costs, investment irreversibility,

market competition, the share of variable inputs, market power, and international exposure

Abel (1983); Bernanke (1983); Bloom et al. (2007); Caballero (1991); Darby et al. (1999);

Dixit and Pindyck (1994); Hartman (1972); Kandilov and Leblebicioğlu (2011); Lee and Shin

(2000); Li et al. (2019); Servén (2003); Zeira (1990). Theoretical models emphasize that the

direction of this relationship depends on the assumptions outlined above. For instance, under

perfect competition and zero adjustment costs, uncertainty might stimulate investment Abel

(1983); Hartman (1972). However, when investments are considered irreversible, uncertainty

often prompts firms to delay capital expenditures Dixit and Pindyck (1994). Moreover, Ca-

ballero (1991); Zeira (1990) indicate that factors such as risk aversion and imperfect compe-

tition can contribute to a negative correlation between uncertainty and investment. Campa

and Goldberg (1995) and Kandilov and Leblebicioğlu (2011) posit that firms with greater

market power, denoted by higher markups, are better equipped to mitigate this negative

effect, as they can absorb some exchange rate fluctuations within their profit margins. This

protective mechanism, however, is not uniform across all contexts. Servén (2003) emphasizes

that the negative effects of exchange rate volatility are significantly amplified in developing

countries with high trade openness and weaker financial systems, demonstrating the role

of economic structure and financial stability in determining the degree of vulnerability to

exchange rate uncertainty. Furthermore, Alfaro et al. (2016); Binding and Dibiasi (2017);

Bloom et al. (2007) and Demir (2009) corroborate the view that heightened uncertainty tends

to reduce real investment, with Demir (2009) specifically observing this trend in industries

within Argentina, Mexico, and Turkey. Consequently, increased volatility in the exchange

rate often leads firms to curtail their investment activities.
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Theoretical perspectives on the effects of exchange rate changes on both aggregate and sec-

toral investments have been extensively documented in the literature. Pioneering studies by

Campa and Goldberg (1995, 1999); Goldberg (1993); Nucci and Pozzolo (2001) and Har-

chaoui et al. (2005) among others, offer important insights into these effects. Goldberg

(1993) examines the relationship between exchange rates and investment activity in U.S.

manufacturing industries, highlighting a contrasting pattern between the 1970s and 1980s.

While a real depreciation of the dollar in the 1970s tended to stimulate investment, the

1980s saw the opposite effect, with depreciations reducing investment. This shift can be

attributed to sectors with limited export markets and a heavy reliance on imported inputs,

where depreciation increases production costs and reduces profitability Campa and Gold-

berg (1995). Building on these findings, Campa and Goldberg (1999) analyze the effects of

exchange rates on investment across manufacturing sectors in the U.S., U.K., Canada, and

Japan. They find that exchange rates influence investment through export revenues, the

cost of imported inputs, and market power measured by markups. In high-markup sectors,

large price-cost margins tend to absorb exchange rate swings into prices, minimizing the

impact on investment. Conversely, low-markup sectors remain more sensitive to exchange

rate changes, making their investment decisions more vulnerable to such fluctuations. Addi-

tionally, a greater share of exports and reduced reliance on imported inputs help moderate

the negative impact of depreciation. Similarly, Nucci and Pozzolo (2001) and Atella et al.

(2003) demonstrate, using panel data regressions on Italian manufacturing firms, that the

impact of exchange rates on investment is strongly influenced by export orientation and mar-

ket power. Firms with less market power and greater exposure to import competition in the

domestic market experience more pronounced effects from exchange rate fluctuations. For

Brazilian manufacturing industries, Baltar et al. (2016) draw similar conclusions, emphasiz-

ing the importance of accounting for sectoral differences when evaluating the relationship

between exchange rates and investment. Their findings suggest that increased competition

from imported products may sometimes offset the benefits of cheaper imported inputs. Ad-

ditionally, Harchaoui et al. (2005) highlight the importance of exchange rate volatility in

97



shaping investment outcomes in Canadian manufacturing industries. They emphasize that

in low-volatility environments, depreciations can positively influence investment through in-

creased demand. However, this stimulative effect diminishes considerably as volatility rises.

In line with these findings, Caglayan and Torres (2011) explore the impact of exchange rate

levels and volatility on investment in Mexico’s manufacturing sectors, highlighting the role

of external exposure, market structure, and product characteristics. Depreciation boosts

investment through the export channel but reduces expected profits for firms heavily reliant

on imported inputs. They also find that exchange rate volatility primarily affects export-

oriented sectors, and firms in low-markup industries and non-durable goods producers are

particularly sensitive to both exchange rate levels and volatility. Expanding on these find-

ings, Brito et al. (2018) argue that the impact of real exchange rate movements on firm-level

investment is contingent on the complexity of a country’s production structure. The response

varies significantly across economies, with advanced economies and emerging Asia showing

increased investment during currency depreciations, while in less complex economies, invest-

ment tends to rise when the domestic currency appreciates.17

Studies by Avdjiev et al. (2019); Banerjee et al. (2020); Bruno and Shin (2020); Dao et al.

(2021) explore how exchange rate fluctuations influence investment through financial mecha-

nisms, highlighting the role of cross-border banking flows and foreign currency-denominated

debt in shaping investment decisions and demonstrating that depreciations tighten financial

conditions and impose contractionary pressures on firms heavily reliant on dollar funding.

Bruno and Shin (2020) further illustrate that banks dependent on US dollar funding tend

to contract their credit supply in response to local currency depreciation, resulting in a

significant decline in exports for firms that rely on these banks, which in turn dampens

overall economic activity. Similarly, Banerjee et al. (2020) find that exchange rate depreci-

ation negatively impacts corporate investment through a financial channel, particularly by

increasing the burden of firm leverage and FX debt. Moreover, Avdjiev et al. (2019) show
17According to Hausmann and Hidalgo (2011), economic complexity reflects the extent of productive

capabilities, diversification, and knowledge intensity within an economy. Economies with lower complexity
often rely more on commodity exports and place less emphasis on advanced manufacturing.
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that a stronger dollar is associated with slower growth in dollar-denominated cross-border

bank flows and a decline in real investment.

Lastly, expanding the analysis beyond tangible investments,studies by Alfaro et al. (2016);

Chen (2017); Funk (2003); Kaiser et al. (2018), Tabrizy (2020), and Alfaro et al. (2023) ex-

plore the effects of exchange rate fluctuations on R&D investments. Chen (2017) examines

the effect of real exchange rate undervaluation on R&D activity, finding that undervaluation

reduces R&D expenditures, particularly in developed economies, due to higher import costs

for machinery and inputs. This suggests that undervaluation policies may hinder techno-

logical progress by raising R&D investment costs. Tabrizy (2020) further emphasizes that

the effect of exchange rate depreciation on R&D depends on export intensity, with medium-

exporting industries being more likely to reduce R&D investment,while industries with low

or high export levels experience no significant effect. This pattern is linked to variations in

pass-through elasticities, as industries more inclined toward strategic pricing are also more

likely to cut R&D investments in response to depreciation. Alfaro et al. (2023) also indicate

that RER depreciations boost cash flow, R&D, and productivity for exporters, particularly

in export-oriented emerging Asia, while firms in import-dependent economies experience

negative effects,with no significant relationship found in industrialized economies.

Building on previous research, our study investigates the role of export intensity and im-

port competition in mediating the relationship between industry-specific effective real ex-

change rates (IERER) and industry investment. We use an industry-specific real exchange

rate measure to capture the substantial variations across industries within the same coun-

try—variations often overlooked when relying on national-level aggregate exchange rate mea-

sures. Additionally, we explore the varying elasticity of industry-level investment with re-

spect to IERER across the full spectrum of export intensity and import competition, ac-

counting for potential heterogeneities across industries.
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2.3 Data and Empirical Approach

2.3.1 Data

For our empirical analysis, we employ an annual panel dataset that covers 12 manufacturing

industries across five European countries, including Germany, Italy, the Netherlands, Nor-

way, and the United Kingdom, from 2007 to 2017. Table 43 presents the industries included

in our panel, which focus on modern manufacturing activities.

We investigate the impact of changes in IERER on overall investments as well as tangible

investments within the manufacturing industries. To determine the total investment at the

industry level, we use the Gross Fixed Capital Formation (GFCF) data from the OECD’s

Structural Analysis database (OECD, 2021b). GFCF includes the net acquisition of both

tangible assets (e.g., machinery) and intangible assets (e.g., R&D). To focus exclusively on

tangible asset investments, we remove the intangible component by subtracting the industry-

level R&D expenditures obtained from the OECD’s Business Enterprise R&D Expenditure

by Industry dataset (OECD, 2021a). By excluding the intangible portion from GFCF, we

can more precisely focus on the industry’s investment in physical resources, providing a more

detailed picture of spending on tangible assets. The annual GFCF and R&D figures, sourced

from the aforementioned OECD databases,are reported in domestic currencies and nominal

terms. To convert these nominal values to US dollars and compute their real values for our

analysis, we use annual nominal exchange rates and producer price indexes obtained from

the IMF’s International Financial Statistics (IMF, 2021).

For IERER, we rely on the Industry-Specific Effective Real Exchange Rates data provided

by the Research Institute of Economy, Trade, and Industry (RIETI, 2021). This measure

is calculated using industry-specific producer price indexes, trade weights, and aggregate

nominal exchange rates, and are available in both daily and monthly formats. To align with

the annual industry-level investment data, we compute annual IERERs by averaging the

monthly rates for each industry, country, and year.
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Below is a concise overview of the approach used to calculate the IERERs, which is based

on an industry-specific bilateral real exchange rate following the methodology outlined by

Sato et al. (2015):

BRER
(f)
i,t =

(1/NERf,t)× P (h)
i,t

P
(f)
i,t

(21)

where NERf,t represents the nominal exchange rate, which is the price of a foreign currency

in terms of the home country’s currency. Industry prices in the home and foreign countries

are denoted as P (h)
i,t and P

(f)
i,t , respectively, where h stands for the home country, and f

stands for the foreign country, and i denotes the industry. According to Equation (21), the

ratio reflects the industry-specific price level in the home country (in terms of the foreign

currency) relative to the industry-specific price level in the foreign country (also in terms of

the foreign currency). Both the price level and the nominal exchange rate are crucial factors

in determining the bilateral real exchange rate.

As discussed in Neumann and Tabrizy (2021), if home country prices increase while the

nominal exchange rate and foreign price index remain constant, it implies a loss of price

competitiveness and results in an appreciation of the bilateral real exchange rate. Conversely,

a decrease in home country prices would imply a gain in price competitiveness and lead to

a depreciation of the bilateral real exchange rate. Similarly, if foreign prices rise while

domestic prices and the nominal exchange rate remain unchanged, the home country gains

price competitiveness, resulting in a depreciation of the bilateral real exchange rate. On the

other hand, a decline in foreign prices under the same conditions would reduce the home

country’s price competitiveness and cause an appreciation of the bilateral real exchange

rate. Additionally, maintaining constant home and foreign prices, a decrease in the nominal

exchange rate (i.e., an appreciation of the home country’s currency) would result in an

appreciation of the bilateral real exchange rate, while an increase in the nominal exchange

rate (i.e., a depreciation of the home country’s currency) would lead to a depreciation of the
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bilateral real exchange rate. Thus, both an increase in industry-specific price competitiveness

at home and a depreciation of the nominal exchange rate could cause a depreciation in the

industry-specific bilateral real exchange rate.

However, since countries engage with multiple trading partners, there are multiple bilat-

eral real exchange rates for a given industry and time. Additionally, due to the potential

variation in export volumes to different trade partners within a particular industry, it is

crucial to incorporate the export share to each destination in order to develop an effective

real exchange rate measure. Consequently, Sato et al. (2015) utilize export shares by desti-

nation to construct a measure of the industry-specific effective real exchange rate (IERER)

for industry i at time t:

IERERi,t =
n∏
f=1

(BRER(f)
i,t )α

(f)
i,t (22)

where BRER(f)
i,t is the industry-specific bilateral real exchange rate, n is the number of

trading partners for industry i in the home country, and α
(f)
i,t is the share of industry i’s

exports to each foreign country , varying between 0 and 1. An increase in IERERi,t indicates

an appreciation, resulting in lower price competitiveness for a particular industry in the home

country. Conversely, a decline in this measure suggests a depreciation, leading to higher price

competitiveness.

Figure 5 illustrates the time series of the IERER measure for all country-industry pairs in our

dataset. To enable a clear comparison of different time series, we normalize the variations

by setting all IERERs to 100 in the year 2007 and convert them into natural logarithms.

The graph highlights the considerable differences in IERER levels across industries within a

given country. Unlike an aggregate measure of the real exchange rate, this measure takes into

account not only the country-specific exchange rates (NERf,t) but also the industry-specific

prices (P (h)
i,t and P (f)

i,t ), and export shares (α(f)
i,t ) individually.
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In our analysis, we account for variations in real output, real interest rates, export intensity,

and import competition. Additionally, we include dummy variables to control for time,

country, and industry effects. To address the time-invariant characteristics of our cross-

sectional units (the country-industry pairs), we incorporate a fixed effect.To control for

output variations, we incorporate the annual industry-specific output measure based on the

ISIC Rev.4 classification, sourced from the OECD’s Structural Analysis dataset (OECD,

2021b). These values are reported in local currency, which we convert to US dollars using

the average annual nominal exchange rate, and then adjust to real values before using them

in our regressions.

We use the real interest rate as an explanatory variable in our regression models to investi-

gate its impact on industry-level investment. To compute the real interest rates, we follow

Blanchard et al. (2010, pp. 291-293) and use the formula:

rt = (1 + it)× Pt
Pt+1

− 1 (23)

where it is the nominal interest rate and Pt is the producer price index, sourced from the

IMF’s International Financial Statistics (IMF, 2021). This equation accounts for changes in

the price level between two time periods (t and t + 1) to provide a more accurate estimate

of the true return on an investment.

Additionally, we obtain the annual industry-specific exports and imports data from the

World Bank’s World Integrated Trade Solution dataset (World Bank, 2021), which reports

values in US dollars. We determine export intensity by calculating the export-to-output

ratio (ExpInti,t) and measure import competition using the import-to-total consumption

ratio (ImpCompi,t):

ExpInti,t = Expi,t
Yi,t

(24)
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ImpCompi,t = Impi,t
Yi,t + Impi,t

(25)

where Expi,t, Impi,t, and Yi,t represent industry-level exports, imports, and output, respec-

tively.

We focus on industry-specific exchange rate movements and investment across a broad range

of industries. Although annual variations in GFCF are observable for all 12 industries, the

IERER measures are not available for certain industry categories. For instance, while OECD

(2021b) reports the annual GFCF for food products, beverages, and tobacco industries

separately, RIETI (2021) provides the IERER measure only for the combined group of food,

beverages, and tobacco industries. Similarly, IERER data is available only for the combined

paper, paper products, and printing and publishing industries, despite the availability of

separate GFCF data for each of these industries.Therefore, we use the IERER data as our

primary dataset and match the available GFCF figures accordingly. Table A13 provides

more details about our matching process.

In our estimations, we use the logarithmic changes of total investments, tangible investments,

IERER, output, and the real interest rate. Additionally, we utilize the export-to-production

and import-to-consumption ratios without applying logarithmic transformations. Table 44

presents the summary statistics for these variables, and Figure A4 displays their density

plots.

2.3.2 Estimation Approach

This study aims to explore the impact of exchange rate fluctuations on industry-level in-

vestment by focusing on the industry-specific real effective exchange rate (IERER), a more

precise measure than the country-level exchange rate. We use the system generalized method

of moment method (System GMM), as proposed by Arellano and Bover (1995) and Blundell

and Bond (1998), to estimate the effects of IERER and other variables on industry-level

investment. Our analysis utilizes a panel dataset that includes country-industry pairs as
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cross-sectional units, along with observations over annual time variations. The baseline

regression model used in our analysis is as follows:

∆Log(Invci,t) = γLog(Invci,t−1) + αLog(IERERci,t−1) +X ′ci,t−1β1

+ ∆X ′ci,tβ2 + β3t+ T ′β4 + C ′β5 + I ′β6 + ηci + εci,t

(26)

where Invci,t refers to either the total real investments (including both tangible and in-

tangible assets) or exclusively the real tangible investments for each country-industry pair.

IERERci,t−1 denotes the lagged industry-specific real effective exchange rate. The control

vector Xci,t−1 includes lagged industry output and the country-specific real interest rate.

∆Xci,t−1 captures the contemporaneous changes in output and interest rate. Additionally,

we incorporate a time trend (t) to account for time-related changes in investment and include

dummy variables for time periods (T ), countries (C), and industries (I). Furthermore, we

use fixed effects ηci to capture the time-invariant characteristics of each country-industry

pair, while εci,t accounts for the residual error term. The key parameter of interest in our

analysis is α. A positive and statistically significant α would indicate that a lagged decline

in the IERER, representing exchange rate depreciation, corresponds to a reduction in con-

temporaneous investment levels. Conversely, a negative and significant α would suggest that

such a depreciation leads to an increase in investment.

As outlined in Equation (26), we use the lagged level of IERER measures to ensure the

exogeneity of our key independent variable. This approach accounts for the possibility that

industries may not immediately respond to changes in relative national prices, often due

to factors like adjustment costs or delays in expectation formation and decision-making.

We build on this temporal framework by also controlling for the lagged levels and first-

differences of industry-level output and the country-specific real interest rate. The lagged

level coefficients capture the long-term effects, while the first-difference coefficients reflect

the short-term impacts on investment behavior.
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In our model, the dependent variable is expressed in first differences, leading it to behave

similarly to a standard dynamic panel regression in levels. As demonstrated by Demir

and Tabrizy (2022), models employing the first-difference of the dependent variable exhibit

characteristics similar to those using level variations. Roodman (2009) further discusses

the parallels between these models. This approach,however, can lead to dynamic panel

bias. To address this issue, we utilize System GMM estimation, which enables the accurate

identification of both the autoregressive parameter and other associated variables. The

validity of the dynamic GMM estimation is assessed through two essential specification tests.

First, we use the Hansen statistic,introduced by Hansen (1982), to evaluate the validity of

the instruments. The null hypothesis of this test implies the joint validity of the instruments;

therefore, failure to reject the null suggests that the instruments are exogenous, confirming

the consistency of the GMM estimator. This test is particularly useful when a limited

number of instruments are employed Roodman (2009).Additionally, the Arellano-Bond test,

developed by Arellano and Bond (1991), is applied to detect serial correlation in the error

terms. The AR(1) test checks for first-order autocorrelation in the differenced residuals,

while the AR(2) test examines second-order autocorrelation. Although the AR(1) test often

rejects the null hypothesis of no first-order autocorrelation—which is expected and does not

compromise the model—the AR(2) test is more crucial. Failure to reject the null hypothesis

of no second-order autocorrelation strengthens the validity of our instrumentation strategy,

particularly the use of lagged regressors as instruments.

Building on the same estimation method,we modify Equation (26) to examine whether export

intensity and/or import competition play a role in shaping the relationship between IERER

and investments:

∆Log(Invci,t) = γLog(Invci,t−1) + α1Log(IERERci,t−1) + αx2Log(IERERci,t−1)× ExpIntci,t−1

+ αx3ExpIntci,t−1 +X ′ci,t−1β1 + ∆X ′ci,tβ2 + β3t+ T ′β4 + C ′β5 + I ′β6 + ηci + εci,t

(27)
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∆Log(Invci,t) = γLog(Invci,t−1) + α1Log(IERERci,t−1) + αm2 Log(IERERci,t−1)× ImpCompci,t−1

+ αm3 ImpCompci,t−1 +X ′ci,t−1β1 + ∆X ′ci,tβ2 + β3t+ T ′β4 + C ′β5 + I ′β6 + ηci + εci,t

(28)

whereExpIntci,t−1 is the export-to-production and ImpCompci,t−1 is the import-to-consumption

ratios as defined by Equation (24) and Equation (25), respectively. The remaining variables

are consistent with those outlined in Equation (26).

In Equation (27) and Equation (28), we focus on parameter α1 and interactions parame-

ters: αx2 and αm2 . Consider Equation (27), for instance; if both α1 and αx2 are statistically

significant but have opposite signs, this suggests that export intensity moderates the in-

fluence of IERER fluctuations on investments. On the contrary, if these coefficients are

significant and share the same sign, it implies that export intensity amplifies the effect of

IERER swings on investments. In either scenario, we investigate how varying levels of the

export-to-output ratio impact the long-term relationship between IERER and investments

by leveraging the continuous variation in our export intensity measure. However, if αx2 turns

out to be statistically insignificant, it indicates that export intensity does not influence the

long-term relationship between exchange rates and investments. A similar logic applies when

analyzing α1 and αm2 in Equation (28).

2.4 Results

Table 45 presents the results of our estimations for total industry-level investments, which

include both tangible and intangible assets. Column I specifically shows the estimation

based on Equation (26) without accounting for any interaction terms, where the coefficient

for lagged changes in IERER is positive but not statistically significant. A key contribution of

this paper is examining how variations in export intensity influence the relationship between

IERER and industry-level investment. Columns II and III report the results of this analysis,

where we introduce controls for export intensity and its interaction with the lagged IERER.

In these columns, the lagged IERER coefficient remains positive and becomes statistically
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significant. This finding suggests that, holding all other variables constant, a decline in lagged

IERER, which reflects a real depreciation, negatively impacts industry-level investment.

Furthermore, the negative and statistically significant coefficient of the interaction term

indicates that the export-to-production ratio plays a crucial role in shaping the long-term

effects of IERER changes on total industry-level investments. For example, in column III,

the estimated coefficients for Log(IERERci,t−1) and its interaction with export intensity,

Log(IERERci,t−1)×ExpIntci,t−1, are 1.431 (SE=0.518) and -1.918 (SE=0.819), respectively,

further illustrating the significant impact of these factors. To further explore the relationship

between IERER and industry-level investment, we analyze how this relationship varies across

different levels of export intensity, as illustrated in Figure 6 using the coefficients from column

III of Table 45.18 At lower levels of export intensity, the long-run marginal effect of IERER on

total investments is statistically greater than zero. In contrast, as export intensity increases,

this effect diminishes and becomes statistically indistinguishable from zero. For example,

when all other variables are held at their mean values, the marginal effect of IERER on

total investments is calculated to be 0.915 (SE=0.410) when ExpIntci,t−1 is set to the first

quartile of the export intensity distribution (ExpIntci,t−1=0.269). In contrast, this effect

is estimated to be 0.091 (SE=0.457) and becomes statistically indistinguishable from zero

when ExpIntci,t−1 is adjusted to the third quartile (ExpIntci,t−1=0.699). This suggests

that a decrease in lagged IERER, indicating a real depreciation, leads to a decline in total

industry-level investments in industries that do not heavily rely on exports. However, for

industries with high export intensity, the effect is not statistically significant.

Turning our attention to imports, columns IV and V show that the coefficient for lagged

IERER variations is positive and statistically significant when interactions with import com-

petition are included. The coefficient for the interaction term is negative, with marginal
18We plot the marginal effects in Figure 6 across a broad range of export intensity variations. As shown in

Figure A4, the distribution of export intensity is skewed to the right, prompting adjustments in our analysis.
Specifically, we focus on comparisons at the first and third quartile values and cap our visualization at an
export intensity of 2. This approach allows us to emphasize the majority of the data points and minimize
distortion from outliers. It is important to note that while our visualizations are limited to an export
intensity of 2 for clarity, our estimations include the full distribution, including the skewed tail.
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significance—slightly insignificant in column IV and marginally significant in column V.

However, despite these results, Figure 7, based on the estimation results reported in column

V of Table 45, shows that the confidence intervals for the marginal effects are quite broad,

preventing us from concluding that the import-to-consumption ratio significantly influences

the impact of IERER variations on total investments. When holding other variables at their

mean values, the marginal effect of IERER on total investments is estimated to be 1.051

when import competition is at the first quartile level (ImpCompci,t−1=0.221). Conversely,

when import competition is at the third quartile (ImpCompci,t−1=0.463), the effect is esti-

mated to be -0.071. However, neither of these effects is statistically significant at the 5%

level, suggesting that import competition does not modify the influence of lagged IERER

depreciation on total industry-level investments.

As for control covariates, we find a significant negative relationship between lagged invest-

ment and contemporaneous change in total industry-level investments, suggesting that higher

past investments lead to slower current investment growth, indicating an adjustment pro-

cess. Furthermore, we observe that industry-level output, both in lagged form (Log(Yci,t−1))

and contemporaneous changes (∆Log(Yci,t)), is positively associated with total investments.

However, variations in the country-specific interest rate, whether in lagged form (Log(rc,t−1))

or first-differences (∆Log(rc,t)), do not significantly affect total investments. We also find

that lagged export intensity (ExpIntci,t−1) is positively linked to total investments, as shown

in columns II and III, while lagged import competition (ImpCompci,t−1) exhibits a sim-

ilar positive relationship, though it is statistically significant only in column V. Finally,

contemporaneous changes in export intensity and import competition (∆ExpIntci,t and

∆ImpCompci,t, respectively) do not significantly influence total investments.

The results in Table 46 focus on industry-level investments in tangible assets. In the baseline

model (column I ), lagged IERER shows a statistically significant positive effect. This effect

remains significant when interactions with export intensity are included, as seen in columns

II and III. However, it becomes insignificant when interactions with import competition are
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introduced in columns IV and V. Regarding the interaction with export intensity, we find

that the coefficient for Log(IERERci,t−1) × ExpIntci,t−1 is negative, but it only becomes

statistically significant once all control covariates are included in column III. As shown in

Figure 8, which is based on the estimation results from column III, export intensity appears

to modify the effect of IERER on tangible investments. For example, the marginal effect

is estimated to be 1.193 (SE=0.439) when ExpIntci,t−1 is at the first quartile of the export

intensity distribution, but it declines to 0.651 (SE=0.332) when ExpIntci,t−1 reaches the

third quartile. In the case of import competition, the coefficient for Log(IERERci,t−1) ×

ImpCompci,t−1 is negative but remains statistically insignificant, even after accounting for all

control covariates.These results indicate that import competition does not have a significant

effect on the relationship between IERER and tangible investments. Lastly, the estimated

coefficients for the autoregressive term and control covariates are consistent with the earlier

findings where total investments were used as the dependent variable.

In terms of model diagnostics, the AR(1) and AR(2) tests for both Table 3 and Table 4 reveal

the presence of first-order autocorrelation but show no signs of second-order autocorrelation,

suggesting that the dynamic models are correctly specified. Additionally, the Hansen test

results across both tables support the validity of the instruments employed in the analysis.

2.5 Conclusion

This paper explores whether variations in export intensity and import competition play a

role in moderating the relationship between the industry-specific real effective exchange rate

and both total and tangible investments across a range of manufacturing industries in five

European countries. Our findings indicate that the depreciation of the effective real exchange

rate affects industry-level investment differently depending on the degree of export activity.

Industries with relatively low export-to-production ratios experience a negative impact on

investments due to real depreciation. In other words, these industries are more likely to

cut back on investments when the effective real exchange rate depreciates. Conversely,
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industries heavily engaged in export activities exhibit a different pattern. For these export-

intensive industries, the depreciation of the effective real exchange rate seems to have little

to no effect on investment. They tend to maintain their investment levels despite increased

price competitiveness, suggesting that these industries are more resilient to exchange rate

fluctuations, likely due to the mitigating effects of their export earnings. Additionally, we

find that changes in import competition, as measured by the import-to-consumption ratio,

do not significantly influence investment behavior in response to exchange rate fluctuations.

Unlike export intensity, import competition does not play a major role in shaping the effects

of exchange rate movements on investment.

The results of this study hold considerable significance for economic policymakers for sev-

eral reasons. Primarily, our research presents a quantitative analysis of how exchange rate

swings can influence both total and tangible investment. Given that these investments are

intrinsically tied to productivity and growth, they consequently play a crucial role in driv-

ing long-term structural changes within the economy. Furthermore, our empirical results

highlight the importance of the partially counteracting mechanisms through which exchange

rates function. Beyond its policy implications, this study also contributes to the broader

academic discourse by deepening our understanding of the relationship between exchange

rates and investment, offering valuable insights for future research.

111



Figure 5: Industry-specific Effective Real Exchange Rates (IERER)
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Figure 6: Marginal Effects of IERER on Total Investments at Varying Levels of Export
Intensity

Note: The marginal effects in this figure are based on the estimation results reported in column
III in Table 3. They are plotted over a large portion of variations in lagged export intensity using

95% confidence interval estimations.
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Figure 7: Marginal Effects of IERER on Total Investments at Varying Levels of Import
Competition

Note: The marginal effects in this figure are based on the estimation results reported in column V
in Table 3. They are plotted over the range of variations in lagged import competition using 95%

confidence interval estimations.
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Figure 8: Marginal Effects of IERER on Tangible Investments at Varying Levels of Export
Intensity

Note: The marginal effects in this figure are based on the estimation results reported in column
III in Table 4. They are plotted over a large portion of variations in lagged export intensity using

95% confidence interval estimations.
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Table 43: Industry Codes and Names

ISIC-4CodeName Description

10-12 Food Food, Beverage, and Tobacco Products

13-15 Textile Textile, Wearing Apparel, Leather, and Related Products

16 Wood Wood and Products of Wood and Cork, Except Furniture

17-18 Paper Paper, Paper Products, Printing, and Reproduction of
Recorded Media

19 Petroleum Coke and Refined Petroleum Products

20-21 Chemical Chemical and Pharmaceutical Products

22 Rubber Rubber and Plastic Products

23 Non-metal Non-metallic Mineral Products

24-25 Metal Basic Metals and Fabricated Metal Products, Except Ma-
chinery and Equipment

26-27 Electrical Machinery Electrical, Electronic, and Optical Equipment

28 General Machinery Machinery and Equipment N.E.C.

29-30 Transport Equipment Transportation Equipment

116



Table 44: Summary Statistics

Variable Mean SD Min Max

Log(Inv): Total Inv. 21.29 1.53 16.88 24.66

Log(Inv): Tangible Inv. 21.06 1.53 16.34 23.81

Log(IERER) 4.59 0.09 4.32 4.81

Log(Y) 24.37 1.33 20.49 26.94

Log(r) 0.93 0.44 0.38 1.91

ExpInt 0.59 0.57 0.04 4.88

ImpComp 0.36 0.17 0.07 0.85
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Table 45: Total Investments

I II III IV V
∆Log(Invci,t)∆Log(Invci,t)∆Log(Invci,t)∆Log(Invci,t) ∆Log(Invci,t)

Log(Invci,t−1) -0.652*** -0.706*** -0.648*** -0.643*** -0.650***
(0.129) (0.131) (0.114) (0.114) (0.104)

Log(IERERci,t−1) 0.480 1.542*** 1.431*** 1.711* 2.076**
(0.414) (0.590) (0.518) (1.033) (1.013)

Log(IERERci,t−1)× ExpIntci,t−1 -1.754** -1.918**
(0.757) (0.819)

ExpIntci,t−1 8.097** 8.838** 0.0310
(3.494) (3.780) (0.0900)

Log(IERERci,t−1)× ImpCompci,t−1 -3.703 -4.637*
(2.476) (2.560)

ImpCompci,t−1 -0.922 16.50 20.53*
(1.160) (10.99) (11.23)

Log(Yci,t−1) 0.727*** 0.852*** 0.649*** 0.701*** 0.718***
(0.188) (0.193) (0.128) (0.152) (0.138)

Log(rc,t−1) -0.0537 -0.143 -0.0714 0.0156 0.0206
(0.198) (0.198) (0.180) (0.169) (0.173)

∆Log(Yci,t) 0.774*** 0.812*** 0.683*** 0.727*** 0.726***
(0.159) (0.146) (0.154) (0.161) (0.153)

∆Log(rc,t) 0.174 0.0515 0.0847 0.211 0.205
(0.167) (0.167) (0.163) (0.150) (0.151)

∆ExpIntci,t -0.0426
(0.106)

∆ImpCompci,t -0.232
(0.771)

Constant Yes Yes Yes Yes Yes
Time Trend Yes Yes Yes Yes Yes
Year Dummy Yes Yes Yes Yes Yes
Country Dummy Yes Yes Yes Yes Yes
Industry Dummy Yes Yes Yes Yes Yes
No. Obs. 536 536 536 536 536
No. Cross Sec. 56 56 56 56 56
No. Inst. 37 41 45 41 45
AB AR(1) P-val. 0 0 0 0 0
AB AR(2) P-val. 0.286 0.313 0.299 0.283 0.295
Hansen P-val. 0.569 0.599 0.432 0.686 0.835
Notes: Robust standard errors are reported in parentheses. AB AR(1) and AB AR(2) P-val. report the
p-values for the test developed by Arellano and Bond (1991). Hansen P-val. reports the p-value for the test
developed by Hansen (1982). *** P-val. <0.01, ** P-val.<0.05, * P-val.<0.1
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Table 46: Tangible Investments

I II III IV V
∆Log(Invci,t)∆Log(Invci,t)∆Log(Invci,t)∆Log(Invci,t) ∆Log(Invci,t)

Log(Invci,t−1) -0.614*** -0.638*** -0.627*** -0.634*** -0.658***
(0.143) (0.154) (0.150) (0.141) (0.137)

Log(IERERci,t−1) 0.822** 1.321** 1.532*** 1.635 1.754
(0.360) (0.601) (0.576) (1.035) (1.098)

Log(IERERci,t−1)× ExpIntci,t−1 -0.916 -1.262*
(0.778) (0.680)

ExpIntci,t−1 4.242 5.825* 0.0608
(3.567) (3.110) (0.0981)

Log(IERERci,t−1)× ImpCompci,t−1 -2.455 -2.322
(2.827) (2.900)

ImpCompci,t−1 -0.191 11.56 11.26
(1.380) (12.35) (12.75)

Log(Yci,t−1) 0.762*** 0.754*** 0.645*** 0.745*** 0.841***
(0.208) (0.201) (0.225) (0.233) (0.215)

Log(rc,t−1) -0.243 -0.268 -0.203 -0.138 -0.233
(0.252) (0.229) (0.231) (0.262) (0.265)

∆Log(Yci,t) 0.881*** 0.860*** 0.856*** 0.811*** 0.890***
(0.231) (0.199) (0.197) (0.227) (0.215)

∆Log(rc,t) 0.108 0.0604 0.0639 0.158 0.0995
(0.232) (0.223) (0.223) (0.238) (0.246)

∆ExpIntci,t 0.0489
(0.114)

∆ImpCompci,t 1.188
(1.000)

Constant Yes Yes Yes Yes Yes
Time Trend Yes Yes Yes Yes Yes
Year Dummy Yes Yes Yes Yes Yes
Country Dummy Yes Yes Yes Yes Yes
Industry Dummy Yes Yes Yes Yes Yes
No. Obs. 477 477 477 477 477
No. Cross Sec. 56 56 56 56 56
No. Inst. 37 41 45 41 45
AB AR(1) P-val. 0 0 0 0 0
AB AR(2) P-val. 0.614 0.501 0.500 0.572 0.557
Hansen P-val. 0.242 0.302 0.202 0.195 0.174
See the notes in Table 3.
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Chapter 3

Bayesian Variable Selection for Regime Switching

Models: the UIP Puzzle and Currency Carry Trade

Dynamics

3.1 Introduction

A key puzzle in international macroeconomics is the consistent failure of the theory of un-

covered interest rate parity (UIP). According to UIP, a currency with a higher interest rate

should depreciate against one with a lower interest rate. Essentially, any interest rate dif-

ferential between two countries should be entirely offset by either the expected depreciation

of the high interest rate currency or the anticipated appreciation of the currency with the

lower interest rate. However, empirical findings contradict this, indicating that currencies

with high interest rates often appreciate, while those with low interest rates tend to depre-

ciate. This is commonly referred to as a violation of UIP. Consequently, the carry trade

has emerged as an investment strategy. In this approach, an investor borrows in a currency

with a low interest rate, known as the funding currency, and invests in another currency

with a higher interest rate, termed the target currency.19 Those who engage in carry trades

are essentially speculating on the violation of UIP, highlighting the existence of the forward

premium anomaly (Backus et al. (2001); Brunnermeier et al. (2008); Burnside et al. (2011a);

Christiansen et al. (2011); Fama (1984); Hansen and Hodrick (1980, 1983); Lustig et al.

(2011); Lustig and Verdelhan (2007); Menkhoff et al. (2012)).20

While identifying the primary factors behind the UIP puzzle and the associated excess
19Comprehensive surveys of the literature can be found in Burnside (2012); Engel (1996, 2014); Hodrick

(2014); Jordà and Taylor (2012); Sarno (2005), which offer a detailed exploration of determinants of the
carry trade.

20The carry trade strategy has yielded considerable excess returns, with a Sharpe ratio that is more than
double that of the US stock market Burnside et al. (2011b). Consequently, the substantial attention it has
received in the financial literature is well justified.
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returns from currency carry trade strategies remains a persistent challenge, the finance liter-

ature has documented several characteristics that appear to be relevant predictors. Among

the critical factors are the sizable interest rate differential, as highlighted by Fama (1984);

Lustig et al. (2011); Mulder and Tims (2018), and foreign exchange (FX) market volatility,21

which has been noted by Baillie and Chang (2011); Cho et al. (2019); Christiansen et al.

(2011); Ichiue and Koyama (2011). In addition to these, momentum, as explored by Burn-

side et al. (2011a); Menkhoff et al. (2012), plays a significant role. Furthermore, funding

liquidity, discussed by Brunnermeier et al. (2008); Brunnermeier and Pedersen (2009), and

the influence of commodity indices, as documented by Bakshi and Panayotov (2013), are also

crucial in shaping these dynamics. Finally, macroeconomic indicators such as unemployment

and inflation rates have been analyzed for their influence on UIP violations by Colacito et al.

(2020); Dahlquist and Hasseltoft (2020). To accurately model these potentially important

variables, we implement a variable selection approach aimed at isolating the most significant

predictors contributing to UIP violations. Our goal is to refine the precision of economic

models and deepen our understanding of the dynamics involved in UIP violations.

In this paper, we analyze the dollar carry trade using the framework proposed by Lustig et al.

(2014), which conditions the dollar factor on the global interest rate differential. According

to this strategy, investors tend to hold long positions in a basket of foreign currencies and

short positions in the U.S. dollar when the average foreign interest rate exceeds the U.S.

rate, with these positions reversed when the situation is the opposite. We employ a regime

switching model to determine whether the currency market is in a state where UIP fails

and carry trades yield profits. Our objective is to identify macroeconomic variables that

explain these regime transitions. By applying a horseshoe prior for variable selection to
21Financial theory indicates that investors focus on the factors that dictate the trajectory of investment

opportunities and aim to protect their investments against unexpected shifts in market volatility. This
behavior leads risk-averse individuals to prefer currencies that act as hedges against risk. Additionally,
assets that perform poorly during times of increased market turbulence contribute to a portfolio’s negative
skewness. If investors have a preference for skewness, it follows that assets sensitive to volatility spikes
would, in equilibrium, necessitate a premium return to compensate for their higher perceived risk Menkhoff
et al. (2012).
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the macroeconomic determinants and channeling them through the transition probabilities

in a Markovian process, we seek to isolate the macroeconomic variables that significantly

influence UIP violations.

As highlighted in Ichiue and Koyama (2011) and Cho et al. (2019), the application of regime

switching models to analyze exchange rates is not a novel approach. The Markov regime

switching methodology, in which regime shifts depend on an unobserved Markov process,

was introduced by Goldfeld and Quandt (1973). Hamilton (1989) later extended this frame-

work by incorporating an autoregressive process and an iterative algorithm similar to the

Kalman filter. Following Hamilton’s seminal work, Markov regime switching models have

been extensively applied in economics and finance.22

However, a common criticism of Hamilton’s Markov regime-switching model is its assump-

tion of constant state transition probabilities. Research by Diebold et al. (1993); Filardo

(1994); Peria (2002) and more recently Bazzi et al. (2017) indicates that the constant transi-

tion probability matrix in the Markov switching model might be too restrictive. To address

this, they have expanded upon the fixed transition probability Markov switching model to

incorporate time-varying transition probabilities, taking into account observable covariates.

This includes both strictly exogenous variables and the lagged values of the dependent vari-

able. Although this approach can be practical, it comes with some drawbacks. The choice

of information variables or functional specification to describe transition probability dynam-

ics is non-trivial, especially in a data-rich context (Filardo et al. (1998); Kaufmann (2015);

Kim et al. (2008)). Determining the right variables for the regime switching framework is

challenging. A regime switching model with few variables in its switching probability may

miss out vital information, as indicated by Bernanke et al. (2005). Incorrect variable selec-

tion can bias estimates or weaken the model’s efficacy. To address this challenge, based on

Wand et al. (2011) and Makalic and Schmidt (2015), we suggest a Gibbs sampling algorithm

incorporating a horseshoe prior. This approach, a variable selection method using shrinkage
22See Hamilton and Raj (2002) and Piger (2009) for a survey of the literature.
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priors, has been notably recognized in high-dimensional models for effectively isolating key

predictors.

This paper contributes to the literature in two significant ways. Firstly, given the challenges

in identifying the most influential variables for switching behavior in a Markov switching

setting, we introduce a novel econometric approach. By employing a horseshoe prior (a

type of shrinkage prior) in the estimation of the time-varying transition probability, our

method effectively selects the key predictors for regime changes. This model serves as a

valuable reference in scenarios where multiple variables impact the transition probabilities

in a regime switching model. Secondly, we apply our methodology to address the uncovered

interest rate parity puzzle and its implications on carry trade returns. Through our analysis,

we identify three principal predictors for the UIP violation: the TED spread, Term spread

and consumption growth of the U.S. economy. Understanding these predictors provides

a deeper insight into the mechanics underlying carry trade returns, thereby enriching our

comprehension of financial dynamics.

The remainder of the paper is organized as follows. Section 3.2 revisits the concept of un-

covered interest rate parity. Section 3.3 offers a review of the literature pertaining to the

empirical findings of UIP. In Section 3.4 and Section 3.5, we engage in a concise discussion

about model specification and estimation techniques. Section 3.6 details the model frame-

work and the data utilized in our analysis. Section 3.7 presents the results derived from

applying a Markov switching regression model to UIP. The final Section summarizes the

main findings and provides concluding insights.

3.2 The Uncovered Interest Parity and Carry Trade

This section investigates the concept of uncovered interest rate parity (UIP) and the condi-

tions under which it may be violated, providing a foundation for understanding the poten-

tial profitability of exploiting interest rate differentials. Many previous studies empirically

demonstrate that substantial profitability exists in a carry trade strategy. The return of the
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carry trade23 that takes a long position on a foreign risk-free asset and at the same time

takes a short position on a domestic risk-free asset is given by:

rt+1 = (it − i∗t )−∆st+1 (29)

where rt+1 is the excess return, i∗t is the one-period foreign risk-free interest rate, it is the

one-period domestic risk-free interest rate, st is the logarithm of the spot exchange rate

at time t, and ∆st+1 = st+1 − st. The spot exchange rate represents the price of foreign

currency in terms of the home currency, which in this case is the U.S. dollar, or the amount

of U.S. dollars required to purchase one unit of foreign currency. An increase in st indicates

an appreciation of the foreign currency and a depreciation of the U.S. dollar.

The return equation indicates that carry trade profitability increases when a currency with

a higher interest rate appreciates, or conversely, when a currency with a lower interest rate

depreciates, between time t and t + 1. UIP indicates that the change in st should be equal

to the interest rate differential:24

∆st+1 = (it − i∗t ) ≈ (ft − st) (30)

where ft is the logarithm of the one-period forward exchange rate and (ft−st) is the forward

premium. The relation between (it− i∗t ) and (ft− st) in Equation 30 is based on the covered

interest rate parity (CIP), which is shown to be empirically valid at short and long time

horizons by Akram et al. (2008).

To test whether UIP holds in the long-run, Fama (1984) employs the linear regression model

given below:

∆st+1 = β0 + β1(ft − st) + εt+1 (31)
23The return equation also holds ex-ante as E[rt+1|It] = (it − i∗t ) − E[∆st+1|It] where E[.|It] is the

conditional expectation given the information set It available upto time t.
24If E[rt+1|It] > 0, financial arbitrageurs would create relatively strong demand for the foreign asset and

currency at time t. This high demand induces the appreciation of the foreign currency, which reduces st and
increases E[∆st+1|It] = E[st+1|It]− st accordingly.
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and performs statistical inference under the null hypothesis that β0 = 0 and β1 = 1. Under

the uncovered interest parity hypothesis, if the return on a domestic n-period zero-coupon

bond exceeds that of a foreign bond by one percentage point per annum, one would expect

the foreign currency to appreciate by one percent over the following n periods. However, in

practice, this hypothesis is frequently violated (Fama (1984); Hansen and Hodrick (1980);

Lustig and Verdelhan (2007)). Most notably, the estimate of β1 is often found to be negative,

indicating the existence of the forward premium anomaly, where high interest rate currencies

tend to further appreciate at time t + 1 rather than depreciate when (it − i∗t ) ≈ (ft − st) is

very high, making the carry trade a profitable investment strategy in international finance.

3.3 Literature Review

The unresolved puzzle of uncovered interest rate parity and its connection to the significant

returns of currency carry trade strategies remain a persistent challenge in financial econo-

metrics. When Uncovered Interest Rate Parity (UIP) is maintained and the foreign exchange

market is in equilibrium, under the assumption of risk-neutrality and rational expectations,

the expected returns on domestic assets should be consistent with returns on foreign as-

sets, after accounting for currency exchange fluctuations. In theory, this should eliminate

any chance for arbitrage. However, in practice, such profitable opportunities are frequently

detected and leveraged in large-scale trading strategies.

In international economics literature, numerous explanations have been proposed to clarify

the empirical failure of UIP. However, a consensus on this puzzle remains elusive, with ongo-

ing research efforts aimed at resolving it. One perspective indicates that market participants

tend to be risk-averse rather than risk-neutral, and the violation of UIP might stem from a

non-zero and time-varying risk premium. This suggests that positive carry trade returns are

perceived as compensation for the risks undertaken.Accordingly, a particular focus has been

dedicated to identifying the risk factors associated with carry trade returns, as demonstrated

in the investigations conducted by (Bansal and Shaliastovich (2013); Burnside (2012); Burn-
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side et al. (2011a,b); Engel (1984); Fama (1984); Hansen and Hodrick (1980); Lustig et al.

(2011); Lustig and Verdelhan (2007, 2012); Menkhoff et al. (2012); Mueller et al. (2017)).

In their analysis of currency returns, Lustig et al. (2011) employed a common factor model,

identifying two primary factors that account for the fluctuations observed in global exchange

rates. The first factor, known as the “dollar risk factor”captures the average change in value

of a basket of foreign currencies relative to the dollar. The second factor, the “high-minus-

low risk factor”delineates the market-driven appreciation or depreciation of currencies based

on their interest rate difference with a benchmark currency, notably the USD. Their analysis

highlights that currencies with higher interest rates generally align more with this HMLFX

factor compared to their low-interest counterparts. Furthermore, this HMLFX factor pro-

vides a robust explanation for the periodic variations in average excess returns between high

and low-interest rate currencies. Building on the foundational work of Lustig et al. (2011),

Menkhoff et al. (2012) pursued a related approach founded on factors asset pricing model.

However, in their work, the HMLFX factor is substituted with innovations in global foreign

exchange volatility. Menkhoff et al. (2012) investigate the relationship between global FX

volatility risk and the returns derived from carry trades. Their findings indicate that cur-

rencies with high interest rates exhibit an inverse correlation with innovations in global FX

volatility, resulting in diminished returns during unexpected volatility spikes. The research

further demonstrates that the spread of foreign exchange excess returns is predominantly

governed by global foreign exchange volatility. Christiansen et al. (2011) further demon-

strated that the level of foreign exchange volatility significantly impacts the risk exposure

of carry trade returns to stock and bond markets. This research highlighted a heightened

susceptibility to stock market fluctuations during periods of high FX volatility, as shown

through the application of a regime-dependent pricing model. Ichiue and Koyama (2011)

employs a regime-switching model to investigate the link between exchange rate volatilities

and uncovered interest rate parity (UIP) failure. It reveals that exchange rate returns are

notably affected by regime shifts. During periods of low volatility, there is a tendency for low-

interest-rate currencies to depreciate, mainly due to decreased margins facilitating increased
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carry trade positions. In essence, stability hinges on the coexistence of a low-volatility setting

and the depreciation of low-interest-rate currencies.

Another hypothesis that seeks to explain the failure of uncovered interest rate parity (UIP)

points to the significant involvement of carry trade investors in the foreign exchange market,

coupled with the associated crash risk (Ames et al. (2017); Baillie and Chang (2011); Brun-

nermeier et al. (2008); Brunnermeier and Pedersen (2009); Chernov et al. (2018); Cho et al.

(2019); Farhi et al. (2009); Jurek (2014)). Brunnermeier et al. (2008) show that carry trade

returns tend to be negatively skewed, and are prone to crash risks25, particularly during

periods of reduced market liquidity and increased volatility26. This is evidenced through the

abrupt unwinding of speculative positions, a finding that is further corroborated by Ames

et al. (2017), who explore the influence of highly leveraged speculator behavior on the struc-

ture of currency returns. The study concludes that speculative volumes in carry trades play

a significant role in determining the movements of high and low interest rate currency re-

turns in both high and low-risk scenarios. In their study, Ichiue and Koyama (2011) discuss

how the depreciation of low-interest-rate currencies usually maintains low volatility levels

until the unwinding of carry trades takes place. This unwinding process, when combined

with speculators’ limited ability to invest and ensure market liquidity, significantly increases

the volatility of exchange rate returns. Supporting this notion, Brunnermeier and Pedersen

(2009) point out that liquidity is important for understanding the risk premiums in foreign

exchange. .In a related finding, Menkhoff et al. (2012) also acknowledge the importance of

liquidity, albeit noting that global FX volatility has a more dominant effect on exchange rate

variations, thereby illustrating that liquidity plays a critical, yet comparatively secondary
25The observation aligns with a prevalent saying among currency traders, “exchange rates go up by stairs

and down by the elevator”, the concept conveys that carry traders accrue minor gains while navigating
upward trends, only to face substantial losses when currencies with high interest rates experience abrupt
depreciation. Building on this, Ichiue and Koyama (2011) point out that such pronounced appreciations
in low-interest rate currencies may arise when speculators are forced to quickly unwind their carry trade
positions to meet margin requirements.

26Brunnermeier et al. (2008) demonstrates that, with an increase in the VIX—a measure for stock market
volatility—currencies with lower interest rates are prone to experiencing notable appreciation. Essentially, a
spike in market volatility is frequently associated with a rapid reversion to Uncovered Interest Parity (UIP).
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role in the cross-sectional variance of foreign exchange excess returns. Baillie and Chang

(2011) 27 posits that the forward premium anomaly could stem from an increase in carry

trade activity. This leads to increased demand and subsequent appreciation of high-yielding

currencies compared to low-yielding ones, a phenomenon that contradicts the UIP theory

but benefits carry trade speculators. Nevertheless, this trend is observed to reverse in the

foreign exchange market during a financial crisis. The unwinding of carry trade results in the

appreciation of low-yielding currencies and the depreciation of high-yielding ones, aligning

with UIP. In a study conducted by Cho et al. (2019), similar results were obtained, revealing

findings that align with the theory that carry trade activity can, to some extent, elucidate

the forward premium anomaly. The study associates an increase in speculator involvement

in carry trade with the failure of Uncovered Interest Parity (UIP). The research employed a

regime-switching model to investigate the profitability of carry trade, where the regime shifts

were determined endogenously. During periods of turbulence, tighter funding and liquidity

constraints compel investors to unwind carry trade positions, leading to depreciations of the

target currencies and increasing their volatility. Conversely, in more stable periods, investors

are inclined to engage in carry trades, which are subsequently associated with the apprecia-

tion of target currencies. The findings indicated that while carry trades are profitable in a

regime characterized by low exchange rate volatility—signifying a failure of UIP—they yield

losses in a high-volatility regime, pointing to a reversion to UIP.

The literature also explores the relationship between currency returns and macroeconomic

fundamentals, emphasizing a growing link between carry trade returns and various broader

economic indicators and risk factors, including aggregate consumption, unemployment, out-

put gaps, and macroeconomic uncertainty (Berg and Mark (2018); Colacito et al. (2020);

Dahlquist and Hasseltoft (2020); Della Corte and Krecetovs (2019); Della Corte et al. (2022);

Engel and West (2005); Hoffmann and Studer-Suter (2017); Lustig and Verdelhan (2007);
27The analysis is based on limits to speculation of Lyons et al. (2001), wherein the presence of unusually

high profit opportunities from conducting carry trades draws in speculative capital and encourages agents
to trade away these opportunities. Conversely, when the prospects of carry trade profits are diminished or
turn negative, the forward bias persists, as it remains unexploited.
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Nucera (2017); Sarno and Schmeling (2014); Zviadadze (2017)). Dahlquist and Hasseltoft

(2020) introduce a currency investment strategy centered on economic momentum, using

indicators such as interest rates, consumer and producer prices, retail sales, industrial pro-

duction, and unemployment data. This approach, which involves taking long positions in

currencies from countries with stronger economic growth and short positions in those with

weaker growth based on historical trends of up to sixty months, not only yields substantial

risk-adjusted returns but also outperforms typical carry trade strategies. Similarly, Colacito

et al. (2020) focus specifically on output gaps as a singular measure of business cycles, finding

them crucial in shaping expected currency returns. Currencies from economies with higher

output gaps tend to provide greater returns, and a strategy that ranks currencies based on

these gaps leads to significant risk-adjusted returns. Moreover, the study underscores the

impact of a business cycle risk factor on currency excess returns across various investment

strategies, thereby contributing to a deeper understanding of currency risk premia.

We contribute to the growing body of research focused on identifying risk factors associated

with the violation of Uncovered Interest Parity (UIP) and the profitability of carry trade

strategies. While there is no consensus in the existing literature regarding these risk factors,

a variety of them have been explored in numerous studies analyzing carry trade profitability.

Our primary goal is to shed light on which of these suggested factors are critically important.

To achieve this, we utilize a variable selection model within a time-varying Markov switching

framework, which helps in more clearly elucidating these relationships.

3.4 Model Specification

This section proposes a general modeling framework applicable to selecting meaningful pre-

dictors for a regime switching process. To this end, we consider the regime switching regres-
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sion model with time-varying transition probabilities:28

yt = x′tβst + εt, εt ∼ N(0, σ2
st

), (32)

where xt = {x0,t = 1, x1,t, ..., xK,t}; st = 0 if s∗t ≤ 0 and st = 1 otherwise; and

s∗t = θ0 + θ1st−1 + α1z1,t−1 + α2z2,t−1 + ...+ αLzL,t−1 + ut, ut ∼ N(0, 1). (33)

We use β = {β0, β1} and σ2 = {σ2
0, σ

2
1} to denote the regime dependent model parameters.

Our proposed method to select meaningful predictors can be easily extended to other model

classes such as linear/non-linear state space models and linear/non-linear multivariate re-

gression models. The continuous latent variable s∗t determines the time-varying transition

probability at time t as:

pr(st = 0|st−1, zt−1) = pr(s∗t ≤ 0|st−1, zt−1) = Φ(−E[s∗t |st−1, zt−1]) (34)

pr(st = 1|st−1, zt−1) = 1− Φ(−E[s∗t |st−1, zt−1]) (35)

where zt−1 = [z1,t−1, z2,t−1, . . . , zL,t−1]′; E[s∗t |st−1, zt−1] = θ0 + θ1st−1 + α1z1,t−1 + α2z2,t−1 +

... + αLzL,t−1; and Φ(.) is the standard normal CDF. For notational simplicity, we use Θ =

{θ0, θ1, α1, ..., αL}. In the case of α1 = α2 = . . . = αL = 0, the model is reduced to a

conventional Markov switching model in which the current regime st only depends on the

previous regime st−1. Our model specification is designed to select only those variables that

possess predictive power for forecasting the subsequent regime, beyond the current regime.

This mechanism is essential for accurately predicting regime shifts in the following period.

We impose the horseshoe prior developed by Carvalho et al. (2009) and Carvalho et al.
28Markov switching models are widely recognized and frequently used in applied econometric research. For

an in-depth introduction and discussion, refer to the textbooks by Chan et al. (2019); Frühwirth-Schnatter
(2006); Gary (2003).
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(2010) over α = [α1, α2, . . . , αL]′ in equation (33)

α`|λ` ∼ N (0, λ2
`), λ`|τ ∼ C+(0, τ), τ ∼ C+(0, τ0) (36)

where C+(a, b) is a half-Cauchy distribution with location parameter a and scale parameter

b. The overall level of shrinkage in the model is determined by the parameter τ . By defining

λ` = δ`τ , the above prior can be rewritten as:29

α`|λ` ∼ N (0, δ2
` τ

2), δ` ∼ C+(0, 1), τ ∼ C+(0, τ0). (37)

For the efficient implementation of a Bayesian estimation algorithm, we employ the scale

mixture representation of the half-Cauchy distributions for δ` and τ in equation (37):

δ2
` |ν` ∼ IG(1

2 ,
1
ν`

), ν` ∼ IG(1
2 , 1) (38)

τ 2|ξ ∼ IG(1
2 ,

1
ξ

), ξ ∼ IG(1
2 ,

1
τ0

). (39)

It can be shown that the half-Cauchy distributions of δ` and τ emerge by integrating out

the auxiliary variables ν` and ξ. The prior-hyperparameter τ0 plays an important role. To

induce the strong shrinkage prior, a small value of τ0 should be imposed. The horseshoe prior

automatically shrink the proposed model with time-varying transition probabilities toward

a standard Markov switching model with constant transition probabilities.

3.5 Estimation

The estimation of the model is performed via the Markov Chain Monte Carlo (MCMC)

method. The most commonly used MCMC algorithm is Gibbs sampling, introduced by Ge-

man and Geman (1984) and Gelfand and Smith (1990). Gibbs sampling is a method that

combines the likelihood and proposed priors to construct the posterior density for all param-
29Suppose that γ ∼ C+(a, b). Then, cγ ∼ C+(a, cb).
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eters and produces a sequence of random samples by iteratively drawing from the posterior

conditional distribution. The Gibbs sampling algorithm for this model can proceed as follows.

MCMC Algorithm for model estimation

We start the algorithm with arbitrary initial values (β(0), σ2(0), α(0)...).

Step 1: Draw a posterior sample of S̃ = {s1, s2, ..., sT} sequentially from conditional density

p(st|st+1, β, σ
2,Θ, D) backward in time for t = T, T − 1, ..., 1 where D denotes the

entire dataset. The sampler uses the following target posterior density:

p(S̃|β, σ2,Θ, D) = p(sT |β, σ2,Θ, D)
T−1∏
t=1

p(st|st+1, β, σ
2,Θ, D), (40)

where S̃ = {s1, s2, ..., sT}. The target conditional density of st is proportional to the

filtered regime probability and the transition probability at time t+1 as

p(st|st+1, β, σ
2,Θ, D) ∝ πt+1 p(st|β, σ2,Θ, D̃t) (41)

where πt+1 = p(st+1|st,Θ, zt) and D̃t is the data available up to time t. We obtain the

filtered regime probability p(st|β, σ2,Θ, D̃t) with the time-varying transition probabil-

ities using the forward filtering algorithm proposed by Hamilton (1989).30

Step 2: Draw a posterior sample of S̃∗ = {s1, s2, ..., sT} from conditional posterior distribution

p(s∗t |st, st−1, β, σ
2,Θ, D). Because given the current and past states st, st−1, all other

information in Y is irrelevant, we can draw s∗ from the simple truncated normal

distribution given below:

s∗t =


TN(−∞,0)(mt, 1) if st = 0

TN(0,∞)(mt, 1) if st = 1
(42)

where TN[a,b](µ, σ2) denotes a normal distribution with mean µ and variance σ2 trun-
30The Hamilton filter is described in Appendix A.
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cated to interval [a, b]. The mean function is given by mt = θ0 + θ1st−1 + α1z1,t−1 +

α2z2,t−1...+ αLzL,t−1.

Step 3: Draw a posterior sample of Θ from the conditional posterior distribution p(Θ|S̃∗, S̃).

Under the horseshoe prior on Θ, the conditional posterior distribution is given as:

Θ|. ∼ N (MΘ, VΘ) (43)

where VΘ = (Ω−1 + Z̃ ′Z̃)−1; MΘ = VΘ(Ω−1MΘ + Z ′S∗) ; the prior covariance matrix

is Ω = diag(vθ0 , vθ1 , δ2
1τ

2, δ2
2τ

2, ..., δ2
Lτ

2); Z̃ = [z̃0, z̃1, ...., z̃T−1]′; z̃t = [1, I1(st−1), z′t]′;

I1(st−1) is the indicator function that takes one if st−1 = 1 and 0 otherwise; and the

prior mean is MΘ = [µθ0 , µθ1 , 0, 0, ..., 0]′; µθ0 and vθ1 are the prior mean and variance

of θi for i = 0, 1. For the sake of notational simplicity, we abbreviate the conditioning

information in the target posterior distribution above.

Step 4: Draw a posterior sample of δ2
` conditional on α`, v` and τ for ` = 1, 2, ..., L. The target

conditional posterior distribution is given by:

δ2
` |. ∼ IG(1, 1

ν`
+ α2

`

2τ 2 ). (44)

Step 5: Draw a posterior sample of ν` conditional on δ2
` for ` = 1, 2, ..., L. The target condi-

tional posterior distribution is given by:

ν`|. ∼ IG(1, 1 + 1
δ2
`

). (45)

Step 6: Draw a posterior sample of τ 2 conditional on {α2
1, ..., α

2
L}, {δ2

1, ..., δ
2
L} and ξ. The target

conditional posterior distribution is given by:

τ 2|. ∼ IG(1 + L

2 ,
1
ξ

+
L∑
`=1

α2
`

2δ2
`

) (46)
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Step 7: Draw a posterior sample of ξ conditional on τ 2. The target conditional posterior

distribution is given by:

ξ|. ∼ IG(1, 1
τ 2

0
+ 1
τ 2 ) (47)

Step 8: Draw a posterior sample of βs from p(βs|σ2, S̃, D) for s = 0, 1. The targe posterior

conditional distribution is the normal distribution N (Mβs , Vβs), where Vβs = (V −1
βs

+

X ′sXs/σ
2
s) and Mβs = Vβs(V −1

βs
Mβs

+X ′sYs/σ
2
s); V βs

and Mβs
are the prior covariance

and mean of βs; Xs and Ys are the matrices of xt and yt corresponding to regime s.

Step 9: Draw a posterior sample of σ2
s from p(σ2

s |β, S̃,D) for s = 0, 1. The posterior distri-

bution of σ2
s is the inverse-Gamma distribution IG(ds

2 ,
κs

2 ) where ds = ds + T and

κ = κs + (Ys −Xsβs)′(Ys −Xsβs).

The above estimation procedure is repeated a large number of times to ensure that the

MCMC chain converges to the stationary posterior distribution. We discard the first 10,000

posterior samples to eliminate the effect of initial parameter values among total 20,000

posterior samples.

3.6 Data and Empirical Analysis

In this section, we outline the data and empirical model applied in our study to identify key

economic variables that predict regime changes in the UIP equation.

3.6.1 Data

In our empirical analysis, we utilize data from monthly forward and spot exchange rates,

along with interbank borrowing rates, for 44 countries, spanning the period from January

1985 to April 2019.31 The currency data are collected from Barclays and Reuters via Datas-
31The countries included are: Australia, Belgium, Bulgaria, Canada, Chile, China, Colombia,Cyprus,

Czech Republic, Denmark, Estonia, France, Germany, Greece, Hong Kong, Hungary, Iceland, India, Indone-
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tream. The countries we have chosen for this analysis align with those considered in the re-

search conducted by Dahlquist and Hasseltoft (2020); Lustig and Verdelhan (2007); Menkhoff

et al. (2012).

We adopt the methodology of Lustig et al. (2014) by employing a dollar carry trade strategy

that focuses on investing in a basket of foreign currencies, rather than individual currency

pairs as is common in much of the literature. To calculate the dollar factor, we take the

cross-sectional average of the currency returns of all countries each month. Additionally, the

global interest rate differential (GIRD) is computed as the average interest rate differential

between the U.S. and other countries. Lustig et al. (2014) demonstrate that an excess return

can be achieved by taking a long position on the U.S. dollar when the U.S. interest rate

exceeds the global interest rate, and vice versa. This finding suggests that the violation of

uncovered interest parity (UIP) occurs at a global level. In this study, we further investigate

this global phenomenon using the proposed regime-switching model. Figure 9 plots the time

series observations of the dollar factor and the global interest rate differential. The interest

rate differential was relatively low during the late 1990 and early 1994 but increased after

1995. Overall, the interest rates exhibit a relatively smooth pattern with slight fluctuations,

while the dollar factor is characterized by greater volatility,exhibiting significant movements

over time.This highlights its dynamic nature compared to the relatively stable interest rate

differential.

In this paper, we explore eight economic variables that are consistent across all countries as

potential drivers of carry trade returns. Our objective is to identify which of these factors

has the greatest influence on carry trade returns. To assess the liquidity of the FX market,

our analysis relies on two key indicators: the TED spread32 and the rate of change in the

aggregate capital ratio of financial intermediaries, denoted as (∆cr). The importance of the

sia, Ireland, Israel, Italy, Japan, Kuwait, Lithuania, Malaysia, Mexico, Netherlands, New Zealand, Norway,
Philippines, Poland, Russia , Saudi Arabia, Singapore, Slovakia, Slovenia, South Africa, South Korea, Swe-
den, Switzerland, Thailand, United Kingdom, and Vietnam.

32The TED spread is defined as the difference between the London Interbank Offered Rate (LIBOR) and
the risk-free rate offered by U.S. Treasury bills.
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TED spread in explaining currency returns has been notably emphasized by Brunnermeier

et al. (2008).33 Further, Brunnermeier and Pedersen (2009); Doukas and Zhang (2013) have

pointed out that an increase in the TED spread typically tightens funding liquidity, leading

to a reduction in carry trade positions and consequently a decline in carry trade returns. The

importance of (∆cr) is emphasized by He et al. (2017), who associate it with fluctuations

in equity excess returns. We also consider the U.S. term spread (TS)34 as an aggregate

predictor, reflecting the state of the U.S. economy, as noted by Estrella and Mishkin (1998);

Rudebusch and Williams (2009). In addition, in line with Burnside (2012), we incorporate

measures of consumption growth and stock market excess returns into our analysis. These

factors have been recognized for their significant explanatory power on currency returns.

Further,Christiansen et al. (2012) underscore the importance of including dividend yield

(DY) due to its notable impact on exchange rate return volatility and its correlation with

slow mean reversion in stock returns across economic cycles. Lastly, we include lagged values

of the dollar factor (represented as DFt−1) and carry factors (denoted as CFt−1) to capture

the persistence in risk factors. The carry factor is calculated each month by determining the

difference in average returns between the portfolio with the highest interest rate differential

(IRD) and the one with the lowest IRD,providing insights into the dynamics of interest rate

impacts on currency values.

3.6.2 Empirical Implementation

This section investigates how and when the uncovered interest parity (UIP) is systematically

violated by employing the proposed regime switching model. In recent years, the use of

nonlinear models has become increasingly prevalent among researchers seeking to understand

how changes in exchange rates correlate with interest rate differentials (Chen (2006); Cho

et al. (2019); Ichiue and Koyama (2011)). It is recognized that the behavior of economic
33This perspective is reinforced by studies such as Creal and Kim (2021); Karnaukh et al. (2015); Mancini

et al. (2013), which consider the TED spread as a reflection of the FX market’s liquidity.
34The term spread is calculated by taking the difference between the average yields on 10-year Treasury

bonds and those of three-month Treasury bills.
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variables is influenced by the current global state, which in turn affects the characteristics

of foreign exchange time series in different regimes. We attempt to identify predictors for

the forward premium anomaly by using our proposed regime switching model. The paper

employs a Markov switching model, as shown in Equation 48, for analyzing the relationship

between the interest rate differential and exchange rate returns.

∆St+1 = β0 + β1,st+1(ft − St) + εt+1, εt+1 ∼ N(0, σ2
st+1), (48)

β1,st+1 = β1,0(1− st+1) + β1,1st+1 (49)

σ2
st+1 = σ2

0(1− st+1) + σ2
1st+1 (50)

st+1 = 0 if s∗t+1 ≤ 0, st+1 = 1 if s∗t+1 > 0, (51)

s∗t+1 = θ0 + θ1st +ααα′zzzt + ut+1, ut+1 ∼ N(0, 1). (52)

where st ∈ {0, 1} indicates regime indicator variable, St represents the spot nominal exchange

rate, defined as the amount of U.S. dollars required to purchase one unit of foreign currency,

and ft denotes the forward exchange rate, also expressed in U.S. dollars per unit of foreign

currency. An increase in St indicates an appreciation of the foreign currency. The variable

zzzt is an(L × 1) vector of regime predictors, with ααα as the corresponding (L × 1) vector of

coefficients. Equation 48 assumes simultaneous switches in both the slope coefficient (β) and

the volatility parameter (σ2). Regarding the intercept, we hold it constant (β0 = β00 = β01),

a decision based on Ichiue and Koyama (2011), who notes that allowing the intercept to

vary does not significantly enhance the explanatory power of the model for exchange rate

returns. Furthermore, Ichiue and Koyama (2011) indicates that regime changes in exchange

rate returns are more accurately characterized by shifts in the dynamics between these

returns and interest rate differentials, or by variations in speculators’ behaviors, particularly

in relation to carry trades and their unwinding. Consequently, we interpret regime shifts

in exchange rate returns as indicative of changes in their relationship with interest rate

differentials, rather than just switches in the intercept.
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For identification of the two regimes, we assume β10 < 0 and β11 > 0. This approach allows

us to determine the prevailing market regime: in one, the forward premium anomaly is

present, marked by persistent deviations from UIP and signaling opportunities for profitable

carry trades. In contrast, the alternate regime typically shows a reversion to UIP. The model

includes several parameters:β0,β10, β11, σ0, σ1, and a 2 ∗ 2 transition matrix P. Additionally,

we need to estimate the unobservable state variable st.To estimate these parameters and the

state variable, we utilize a Bayesian Gibbs sampling approach, as detailed in Section 3.5.

The initial values of the parameters are determined by replicating a traditional regression to

test UIP with our data,using OLS regression on Equation 31. Also, to make the shrinkage

prior uniformly applied to all coefficients in ααα, we normalize zzzt such that all predictors have

mean zero and variance one prior to estimation.

3.7 Empirical Results

We begin our empirical analysis by examining Equation 48 with constant coefficients as

a baseline case, aiming to uncover basic empirical facts about the relationship between

exchange rate returns and interest rate differentials. The results are presented in Table 47,

where the intercept (β0) is estimated at 0.061 and is statistically insignificant, while the slope

coefficient (β1), which is our primary focus, is -1.964 with a standard error of 0.754.35 This

negative and significant estimate for β1 provides initial evidence of the forward premium

anomaly, indicating that on average, currencies with lower interest rates tend to depreciate

against the dollar, contrary to UIP predictions.

Building on these baseline findings,we next apply a regime-switching model to account for

possible shifts in the relationship dynamics over time, allowing the parameters to vary across

different states of the regime. In this model, we set the total number of MCMC iterations
35If UIP holds, the null hypothesis to be tested is that β0 = 0 and β1 = 1. Although the estimated

β1 is significantly different from zero at conventional significance levels, the primary focus is on testing
the hypothesis that β = 1. Imposing this theoretical restriction results in a t-statistic of -3.933 and a
corresponding p-value of 0.000, indicating that we can reject the null hypothesis of β = 1 at the 95%
confidence level, which suggests that UIP does not hold.
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to be 20,000, discarding the first 10,000 posterior samples as a burn-in period to mitigate

the influence of initial values. Our inference is then based on the analysis of the remaining

10,000 draws. Through successive iterations, we simulate draws from the joint distribution

of the state variable and the model parameters, given the data.

3.7.1 Regime Probabilities and Transition Matrix

In Figure 10, we present the time-varying transition probability estimates for remaining in

regime one (S==1), where several regime switches are evident. Notably, there is substantial

persistence within these regimes, with a significant shift to regime one occurring during the

late 2007 and 2008 periods. This transition aligns with the onset of the global financial

crisis, which was characterized by massive losses across financial institutions. Following the

2008 crisis, there is a discernible increase in the tendency for currencies to remain in regime

one, where uncovered interest parity holds. In the subsequent post-crisis period, we witness

a resurgence in carry trade activity. It became apparent that the financial crisis had altered

the relationship between interest rate differentials and dollar carry trade returns, leading to

a reinforcement of UIP during the turmoil of 2008 Baillie and Cho (2014).36

3.7.2 Parameter Estimates

The Primary objective of Markov Chain Monte Carlo (MCMC) methods is to approximate

posterior distributions through stochastic sampling, enabling robust inference on parameter

values. Table 48 provides a summary of the posterior estimates for the model parameters,

including the posterior mean, standard deviation, and the 90% credible interval. For β1

in regime 0 (β10), the posterior mean is -4.221 with a standard deviation of 0.951, and

the 90% band ranges from -5.791 to -2.672, indicating a high degree of confidence that the

true parameter value lies within this interval. This negative coefficient suggests that, under

normal conditions, the forward premium anomaly or the failure of UIP persists, making carry
36As noted by Brunnermeier and Pedersen (2009), during turbulent periods, increased risk aversion among

investors can lead to a substantial unwinding of carry trade positions, causing rapid reversals in exchange
rates. Consequently, low-interest-rate currencies may appreciate more than what UIP would predict.
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trades profitable on average by exploiting this anomaly. In regime 1, the posterior mean for

β1 (β11) is 1.173 with a standard deviation of 1.052, and the 90% band spans from 0.077 to

3.203, showing a wider spread compared to β10. A positive value exceeding unity indicates a

reversal of the forward premium anomaly, signaling a collapse in potential carry trade gains.

For σ2
10, the posterior mean is 529.099 with a standard deviation of 53.201. In contrast, σ2

11

has a posterior mean of 1458.262 with a standard deviation of 247.299, indicating that the

level of volatility in regime 1 is substantially larger than in regime 0.37 The wider interval

for σ2
11 reflects greater variability in regime 1. This is consistent with Baillie and Chang

(2011), who found that UIP is more likely to hold in high-volatility regimes, implying that

carry trade strategies tend to incur losses as market volatility increases.

Figure 11 presents the estimated posterior distributions of the β1 parameters across two

regimes, based on 20,000 MCMC iterations. To ensure convergence, the first 10,000 itera-

tions are discarded as a burn-in to promote stability and minimize the influence of initial,

arbitrary starting values. This practice is critical as it allows the converge to their posterior

distributions, minimizing the influence of initial, arbitrary starting values. As indicated in

the Figure 11, after the burn-in period, the samples exhibit characteristics of convergence,

with the posterior distributions of β10 and β11 stabilizing around their respective mean val-

ues. The consistent fluctuation around the means further suggests that the chains have

converged adequately, reinforcing the reliability of these posterior estimates for subsequent

inference.

As illustrated in Figure 12, we present predictors related to the forward premium anomaly,

using the horseshoe prior to identify which variables most strongly influence the dynamics

of the foreign exchange market in the context of UIP. These predictors are: ‘lagged Dollar

Factor’, ‘lagged Carry Factor’, ‘TED spread’, ‘Capital ratio growth’, ‘Term spread’, ‘market

excess return’, ‘consumption growth of the U.S, economy’, and ‘Dividend yield’. Figure 12

suggests that three variables—“TED spread”, “Term spread”, and “Consumption growth of
37Kernel density estimates of the posterior distributions for β1 and σ2

1 are provided in the Appendix C for
a detailed view of their distributional characteristics.
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the U.S, economy”—have a particularly strong influence on carry trade returns. In contrast,

the remaining 5 variables cluster near zero with narrow error bars, implying they are likely

insignificant in the model and exhibit minimal effect. The influence of the horseshoe shrink-

age prior is evident, as it shrinks most coefficients toward zero, emphasizing only the most

relevant predictors of UIP violation within the regime-switching model.

3.8 Conclusion

This article sheds light on an important topic that has long been debated in economic and

financial literature which is the uncovered interest rate parity. Empirical evidence has shown

that currency markets often do not conform to this key financial principle, which connects

exchange rates to the interest rates of two distinct countries. This phenomenon has led to

the emergence of the carry trade, a strategy that has gained widespread popularity among

a growing number of speculators.

In this paper, we apply the dollar carry strategy, as outlined by Lustig et al. (2014), to calcu-

late carry returns. This strategy is based on the average interest rates of foreign currencies.

Specifically, when the average interest rate of these currencies is higher than that of the U.S.

dollar, we take a long position in the foreign currencies and a short position in the U.S.

dollar. The reverse strategy is employed when the U.S. dollar’s interest rate is higher. We

focus on understanding and measuring the influence of macroeconomic factors on expected

currency returns. The primary contribution of this study is to address the complexities of

various variables that influence the violation of uncovered interest parity and to identify

specific variables that affect this phenomenon. We examine eight factors suggested by the

literature to assess their impact on carry trade returns.

To this end, we employ a novel regime switching model. A key innovation in our approach is

the incorporation of the horseshoe prior, which allows us to perform variable selection and

identify the most important factors influencing the transition probabilities. A shrinkage prior

is applied to perform variable selection, especially when certain variables may not influence
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the model’s regime-switching behavior. The goal is to accurately estimate the transition

probabilities within a regime-switching framework, where a wide array of potential covariates

influences these probabilities. By applying the horseshoe prior for variable selection, we aim

to pinpoint the key variables that explain these transition probabilities. We document in this

paper that TED spread, term spread and U.S. consumption growth are powerful predictors

of expected currency returns.
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Figure 9: Dollar factor and global interest rate differential

Note: The red lines represent the Dollar factor, and the blue dashed lines denote the global
interest rate differential
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Figure 10: Regime probabilities

Note: Estimated transition probabilities from the Markov switching model
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Figure 11: Posterior distributions of β in a regime-switching model

Note: Posterior distributions of β over 10,000 iterations using Gibbs sampling in a time-
varying regime-switching model. The red curve represents the posterior of β in regime 1,
while the blue curve delineates the posterior in regime 0.
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Figure 12: Variable Selection using the Horseshoe Prior

Note: Parameters of z correspond to the following variables: (1) ‘Lagged DF’, (2) ‘Lagged
CF’, (3) ‘TED Spread’, (4) ‘Capital Ratio Growth’, (5) ‘Term Spread’, (6) ‘Market Excess
Return’, (7) ‘Consumption Growth (3 months)’, and (8) ‘Dividend Yield’. The red dot
represents the posterior median, and the blue lines depict the 90% credible interval.
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Table 47: Baseline model estimation without regime-switching dynamics

Parameter Estimate Std. Error t-statistics p-value

β0 0.061 1.573 0.039 0.969

β1 -1.964 0.754 -2.606 0.010
Note: This table presents the results of the baseline model, as specified in Equation 48, estimated
without regime-switching dynamics. Here, β0 represents the intercept, and β1 denotes the coefficient
on the global interest rate differential.

Table 48: Parameter estimates of the regime-switching model

Parameter Posterior mean Posterior std. dev [5% 95%]

β10 -4.221 0.951 [-5.791, -2.672]

β11 1.173 1.052 [0.077, 3.203]

σ2
10 529.099 53.201 [447.297, 621.249]

σ2
11 1458.262 247.299 [1123.384, 1891.044]

Note: This table reports the posterior mean, standard deviation, and 90% highest posterior density interval of
the parameters of the regime-switching model.
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Appendices

Appendix for Chapter 1

Figure A1: Distribution of the Misalignment (m4)
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Figure A2: Distribution of the Misalignment (pmg)
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Figure A3: Distribution of the Misalignment (csardl)
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Table A1: List of Countries in the Sample

Region of the World Country
GGDC 10 Countries

Sub-Saharan Africa Botswana, Ethiopia, Ghana, Kenya, Malawi,
Mauritius, Nigeria, Senegal, South Africa,
Tanzania, Zambia

North Africa Egypt, Morocco
Asia China, Hong Kong, India, Indonesia, Japan,

South Korea, Malaysia, Philippines,
Singapore, Taiwan, Thailand

Latin America Argentina, Bolivia, Brazil, Chile, Colombia,
Costa Rica, Mexico, Peru, Venezuela

North America United States of America
Europe West Germany, Denmark, Spain, France,

United Kingdom, Italy, The Netherlands,
Sweden

GGDC/UNU-WIDER Countries
Developing Asia (14) Bangladesh, Cambodia, China, India,

Indonesia, Lao People’s Democratic Republic,
Malaysia, Myanmar, Nepal, Pakistan,
Philippines, Sri Lanka, Thailand, Viet Nam

Advanced Asia (6) Chinese Taipei, Hong Kong (China), Israel,
Japan, Korea (Rep. of), Singapore

Latin America (9) Argentina, Bolivia, Brazil, Chile, Colombia,
Costa Rica, Ecuador, Mexico, Peru

Middle East and North Africa (4) Egypt, Morocco, Tunisia, Turkey
Sub-Saharan Africa (18) Botswana, Burkina Faso, Cameroon,

Ethiopia, Ghana, Kenya, Lesotho, Malawi,
Mauritius, Mozambique, Namibia, Nigeria,
Rwanda, Senegal, South Africa, Tanzania,
Uganda, Zambia

GGDC-ETD-TE Countries
Middle East and Central Asia Armenia, Azerbaijan, Kazakhstan,

Kyrgyzstan, Tajikistan, Uzbekistan
Developing Europe Belarus, Georgia, Moldova, Russian

Federation, Ukraine
Advanced Europe Estonia, Latvia, Lithuania
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Table A2: Classification of Countries by Economic Development: A List of Advanced,
Emerging, and Low-Income Countries

Category Countries

Advanced Economies

(AEs)

Estonia, Chinese Taipei, Hong Kong, Israel, Japan, Republic

of Korea, Singapore, Latvia, Lithuania

Emerging Markets and

Developing Economies

(EMDEs)

Argentina, Armenia, Azerbaijan, Belarus, Bolivia, Botswana,

Brazil, Chile, China, Colombia, Costa Rica, Ecuador, Egypt,

Georgia, India, Indonesia, Kazakhstan, Malaysia, Mauritius,

Mexico, Morocco, Namibia, Pakistan, Peru, Philippines, Rus-

sia, South Africa, Sri Lanka, Thailand, Tunisia, Türkiye,

Ukraine

Low-Income Countries

(LICs)

Bangladesh, Burkina Faso, Cambodia, Cameroon, Ethiopia,

Ghana, Kenya, Kyrgyzstan, Laos, Lesotho, Malawi, Moldova,

Mozambique, Myanmar, Nepal, Nigeria, Rwanda, Senegal,

Tajikistan, Tanzania, Uganda, Uzbekistan, Viet Nam, Zam-

bia

Note: The classification of countries into advanced economies, emerging markets, and low-income developing
countries is based on the classifications provided by the International Monetary Fund (IMF).
Source: GGDC/UNU-WIDER
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Table A3: List of Countries and Classification by Economic Development: Advanced, Emerg-
ing, and Low-Income Countries (UNIDO Data Set)

Category Countries

Advanced Economies
(AEs)

Australia, Austria, Belgium, Canada, Croatia, Cyprus, Den-
mark, Estonia, Finland, France, Germany, Greece, Hong
Kong, Iceland, Ireland, Israel, Italy, Japan, Korea, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, New Zealand,
Norway, Portugal, Singapore, Slovakia, Slovenia, Spain, Swe-
den, Switzerland, Taiwan Province of China, United King-
dom, United States of America

Emerging Markets and
Developing Economies
(EMDEs)

Albania, Algeria, Angola, Argentina, Armenia, Aruba, Azer-
baijan, Bahamas, Bahrain, Barbados, Belarus, Belize, Bo-
livia, Bosnia and Herzegovina, Botswana, Brazil, Brunei
Darussalam, Bulgaria, Cabo Verde, Chile, China, Colombia,
Costa Rica, Dominican Republic, Ecuador, Egypt, El Sal-
vador, Eswatini, Fiji, Gabon, Georgia, Guatemala, Hungary,
India, Indonesia, Iran, Iraq, Jamaica, Jordan, Kazakhstan,
Kuwait, Lebanon, Malaysia, Maldives, Mauritius, Mexico,
Mongolia, Montenegro, Morocco, Namibia, North Macedo-
nia, Oman, Pakistan, Panama, Paraguay, Peru, Philippines,
Poland, Qatar, Romania, Russian Federation, Saint Lucia,
Saudi Arabia, Serbia, South Africa, Sri Lanka, Suriname,
Thailand, Trinidad and Tobago, Tunisia, Turkey, Ukraine,
United Arab Emirates, Uruguay, Venezuela

Low-Income Countries
(LICs)

Bangladesh, Benin, Burkina Faso, Burundi, Cambodia,
Cameroon, Central African Republic, Congo, Côte d’Ivoire,
Ethiopia, Gambia, Ghana, Haiti, Honduras, Kenya, Kyrgyzs-
tan, Lao People’s Dem Rep, Lesotho, Liberia, Madagascar,
Malawi, Moldova, Mozambique, Myanmar, Nepal, Nicaragua,
Niger, Nigeria, Rwanda, Senegal, Sudan (including South Su-
dan), Tajikistan, Tanzania, Uganda, Viet Nam, Yemen, Zam-
bia, Zimbabwe

Note: The classification of countries into advanced economies, emerging markets, and low-income developing
countries is based on the classifications provided by the International Monetary Fund (IMF).
Source: UNIDO
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Table A4: Summary Statistics for Selected Variables

Observations Mean Standard
Deviation Minimum Maximum

Terms of Trade 2018 0.007 0.225 -1.675 2.071
Net Foreign Assets 1541 -0.332 1.311 -20.161 12.905
Government expenditure 1492 2.724 0.382 0.000 4.257
Investment 1275 3.174 1.164 -5.349 6.242
GDP per Capita 2018 8.644 1.182 5.908 12.228
Human Capital 1727 0.668 0.359 0.007 1.337
Growth rate 1843 0.022 0.042 -0.244 0.312
Misalignment (m1) 2018 -0.014 0.673 -1.977 2.611
Misalignment (m4) 1304 -0.013 0.450 -1.849 1.900
Misalignment (pmg) 1527 -0.046 0.464 -1.641 2.088
Misalignment (csardl) 1527 -0.027 0.509 -1.760 1.711

Source: Authors’ calculations
Note: The summary statistics are based on 5-year average data used in the regression analysis. All variables,
except Net foreign assets, are presented in logarithmic form. The growth rate variable is reported in decimal
form.
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Table A5: Summary Statistics

Country Economy-wide
Productivity

Sector with Highest Labor Productivity Sector with Lowest Labor Productivity

Sector Productivity Sector Productivity

Advanced economies
Hong Kong 74.388 Utilities 531.433 Agriculture 22.500
Denmark 38.799 Mining 1862.567 Business svc 18.284
France 40.777 Utilities 156.811 Business svc 20.485
Italy 39.667 Utilities 231.668 Business svc 5.598
Japan 53.682 Utilities 203.070 Agriculture 16.768
Netherlands 45.891 Mining 1822.944 Personal svc 29.798
Republic of Korea 42.628 Utilities 314.956 Agriculture 18.498
Singapore 77.607 Utilities 258.622 Agriculture 12.353
Spain 39.312 Utilities 251.879 Business svc 18.646
Sweden 39.665 Utilities 228.379 Agriculture 31.838
Taiwan 60.286 Mining 640.894 Construction 19.405
United Kingdom 42.566 Mining 597.060 Agriculture 25.766
United States 83.496 Utilities 367.212 Personal svc 52.366

Emerging markets and developing economies
Argentina 21.337 Mining 343.479 Personal svc 8.756
Bolivia 6.242 Utilities 56.023 Construction 2.242
Botswana 29.365 Mining 426.987 Agriculture 1.828
Brazil 12.972 Utilities 131.420 Agriculture 4.196
Chile 26.072 Mining 256.056 Agriculture 12.054
China 8.495 Utilities 61.282 Personal svc 1.813
Colombia 14.515 Utilities 222.554 Agriculture 5.820
Costa Rica 17.801 Transport 27.869 Agriculture 10.861
Egypt 17.067 Mining 1364.491 Government 6.730
India 6.172 Utilities 45.276 Agriculture 1.945
Indonesia 7.418 Mining 112.043 Agriculture 2.413
Malaysia 30.557 Mining 1100.251 Construction 11.258
Mauritius 24.930 Mining 95.909 Personal svc 13.960
Mexico 23.488 Mining 409.012 Agriculture 5.826
Morocco 12.808 Business svc 133.572 Agriculture 5.824
Peru 12.325 Mining 97.594 Agriculture 3.429
Philippines 9.722 Utilities 99.684 Personal svc 3.156
South Africa 23.947 Utilities 99.309 Agriculture 4.309
Thailand 12.972 Mining 335.711 Government 2.972
Venezuela 25.988 Mining 536.533 Agriculture 11.257

Low-income developing countries
Ethiopia 1.146 Utilities 27.437 Agriculture 0.668
Ghana 5.654 Utilities 30.996 Trade svc 3.542
Kenya 3.393 Utilities 34.876 Agriculture 1.778
Malawi 1.895 Mining 39.672 Agriculture 0.882
Nigeria 4.536 Mining 1323.536 Personal svc 0.730
Senegal 4.160 Utilities 129.390 Agriculture 1.348
Tanzania 2.025 Business svc 26.515 Personal svc 0.848
Zambia 6.234 Business svc 62.276 Personal svc 0.636

All data presented in this table are derived from the GGDC 10-sector database. The productivity figures represent averages
for the period 2000–2010 and are expressed in terms of 2005 purchasing power parity (PPP) $1,000.
Source: Authors’ calculations
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Table A6: Summary Statistics

Country
Economy-wide
Productivity

Sector with Highest Productivity Sector with Lowest Productivity

Sector Productivity Sector Productivity

Advanced Economies (AEs)
Estonia 36.049 Realestate 213.690 Other 20.549
Hong Kong 84.326 Other 1098.128 Agriculture 28.903
Israel 55.640 Realestate 1286.544 Other 21.707
Japan 68.925 Realestate 510.248 Agriculture 18.121
Republic of Korea 55.383 Realestate 244.174 Agriculture 22.077
Singapore 84.027 Utilities 495.766 Mining 3.170
Chinese Taipei 75.801 Realestate 1029.708 Agriculture 25.523
Latvia 32.735 Realestate 169.078 Agriculture 15.850
Lithuania 36.201 Realestate 305.152 Agriculture 15.320

Emerging Markets and Developing Economies (EMDEs)
Argentina 53.399 Mining 769.129 Other 16.742
Armenia 16.319 Realestate 634.085 Agriculture 8.815
Azerbaijan 18.576 Mining 852.843 Agriculture 3.477
Belarus 24.563 Realestate 75.730 Other 12.543
Bolivia 7.849 Realestate 525.431 Agriculture 3.286
Brazil 22.144 Realestate 538.673 Other 4.546
Botswana 28.700 Realestate 572.188 Agriculture 2.237
Chile 36.306 Realestate 500.935 Government 11.229
China 14.067 Realestate 101.307 Agriculture 4.224
Colombia 21.164 Utilities 266.947 Other 4.203
Costa Rica 24.459 Realestate 441.193 Other 9.938
Ecuador 17.186 Mining 294.730 Other 5.734
Egypt 28.763 Mining 2327.208 Other 9.341
Georgia 19.817 Realestate 1964.960 Agriculture 4.899
India 9.118 Utilities 98.915 Agriculture 3.721
Indonesia 13.881 Realestate 317.813 Other 4.732
Kazakhstan 30.941 Realestate 228.005 Agriculture 6.620
Malaysia 41.134 Mining 1006.197 Construction 18.051
Mauritius 33.158 Realestate 904.109 Construction 19.678
Mexico 33.856 Realestate 773.790 Agriculture 8.549
Morocco 15.660 Realestate 929.624 Other 5.641
Namibia 27.713 Realestate 970.309 Other 7.663
Pakistan 11.799 Mining 347.778 Construction 4.033
Peru 15.078 Realestate 481.624 Agriculture 5.754
Philippines 13.317 Realestate 266.191 Other 4.072
Russia 31.968 Mining 197.261 Agriculture 13.875
South Africa 29.638 Realestate 342.221 Agriculture 5.528
Sri Lanka 18.539 Realestate 1751.152 Agriculture 5.649
Thailand 20.108 Mining 419.870 Agriculture 5.639
Türkiye 46.732 Realestate 1360.281 Agriculture 18.682
Tunisia 29.872 Mining 307.985 Construction 10.835
Ukraine 38.565 Manufacturing 106.239 Other 11.957
Uzbekistan 14.601 Realestate 105.212 Other 2.143

Low-Income Countries (LICs)
Bangladesh 5.869 Realestate 421.403 Agriculture 2.318
Burkina Faso 3.638 Realestate 4120.139 Agriculture 1.465
Cambodia 4.002 Realestate 519.602 Agriculture 1.978
Cameroon 6.291 Realestate 5095.604 Agriculture 1.735
Ethiopia 2.097 Realestate 1815.863 Agriculture 1.239
Ghana 10.017 Mining 62.645 Other 2.627
Kenya 5.022 Realestate 1315.931 Other 1.130
Kyrgyzstan 9.116 Realestate 100.874 Other 4.599

Continued on next page
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Table A6: Summary Statistics (Continued)

Country
Economy-wide
Productivity

Sector with Highest Productivity Sector with Lowest Productivity

Sector Productivity Sector Productivity

Laos 7.035 Realestate 3530.482 Agriculture 2.686
Lesotho 12.015 Realestate 13324.620 Other 1.569
Malawi 2.655 Realestate 329.637 Agriculture 1.318
Moldova 13.174 Realestate 409.905 Agriculture 6.332
Mozambique 2.642 Realestate 1289.706 Agriculture 0.968
Myanmar 7.280 Realestate 45.692 Other 0.609
Nepal 3.674 Business 50.539 Agriculture 1.883
Nigeria 11.391 Realestate 1187.163 Other 4.065
Rwanda 3.121 Realestate 5948.447 Agriculture 1.394
Senegal 6.681 Business 375.585 Other 2.206
Tanzania 4.276 Realestate 946.414 Agriculture 1.692
Uganda 4.248 Realestate 410.142 Agriculture 1.837
Uzbekistan 14.601 Realestate 105.212 Other 2.143
Viet Nam 6.853 Realestate 577.907 Agriculture 2.813
Zambia 8.233 Realestate 193.743 Agriculture 1.304

Note: All data presented in this table are derived from the GGDC/UNU-WIDER database. The productivity figures represent
averages for the period 2000–2018 and are expressed in terms of 2011 purchasing power parity (PPP) $1,000.
Source: Authors’ calculations
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Table A8: Panel Cointegration Tests:Pedroni and Kao

Panel A: lRER, lGDPC, NFA, lTOT and lGOV Pedroni Statistic Prob
Modified Philllips-Perron t 0.408 0.341
Phillips-Perron t 1.464 0.071
Augmented Dicky-Fuller t 3.368 0.000

Panel B: lRER, lGDPC, NFA, lTOT and lGOV Kao Statistic Prob
Modified Dickey-Fuller t -3.398 0.000
Dickey-Fuller t -6.416 0.000
Augmented Dickey-Fuller t -5.768 0.000
Unadjusted Modified Dickey-Fuller t -2.040 0.020
Unadjusted Dickey-Fuller t -5.664 0.000

Notes: Null Hypothesis: No Cointegration.
Source: Authors’ calculations
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Table A9: Correlation Analysis of RER Misalignment Measures

Method Misalignment(m1) Misalignment(m4) Misalignment(pmg) Misalignment(csardl)
Misalignment(m1) 1.000

Misalignment(m4) 0.978*** 1.000

Misalignment(pmg) 0.788*** 0.802*** 1.000

Misalignment(csardl) 0.762*** 0.735*** 0.851*** 1.000
Notes: Simple correlation coefficient among four misalignment measures.
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Table A10: Growth and RER Misalignment(m4)

Fixed-Effects GMM-Diff GMM-Sys

I II III IV V VI VII VIII IX

Full Developing Developed Full Developing Developed Full Developing Developed
Initial income -0.064∗∗∗ -0.081∗∗∗ -0.082∗∗∗ -0.304∗∗∗ -0.178∗∗∗ -0.075 -0.039∗ -0.158∗∗∗ -0.037∗

(0.004) (0.006) (0.006) (0.076) (0.043) (0.053) (0.023) (0.042) (0.022)

Misalignment(m4) 0.059∗∗∗ 0.079∗∗∗ 0.035∗∗∗ 0.066∗∗ 0.095∗∗ 0.100∗ -0.027 0.126∗∗∗ 0.098∗
(0.005) (0.008) (0.008) (0.032) (0.045) (0.055) (0.043) (0.047) (0.058)

Investment 0.007∗∗∗ 0.005∗∗ 0.004 -0.006 0.005 -0.006 0.004 -0.002 0.007
(0.002) (0.002) (0.003) (0.023) (0.014) (0.017) (0.025) (0.010) (0.009)

Government expenditure -0.005 0.008 -0.067∗∗∗ 0.006 0.014 -0.041 -0.131∗∗∗ -0.023 -0.060
(0.005) (0.006) (0.009) (0.049) (0.036) (0.055) (0.045) (0.037) (0.057)

Human capital 0.034∗ 0.122∗∗∗ -0.006 0.185 0.576 0.800 0.250∗∗∗ 0.552∗∗∗ 0.298∗∗
(0.019) (0.035) (0.023) (0.453) (0.497) (0.503) (0.089) (0.199) (0.147)

Terms of trade -0.034∗∗∗ -0.018 -0.059∗∗∗ 0.228 0.182 -0.201∗∗ -0.118 -0.168 -0.274∗
(0.010) (0.013) (0.016) (0.190) (0.136) (0.092) (0.146) (0.154) (0.156)

Constant 0.574∗∗∗ 0.561∗∗∗ 1.026∗∗∗ 0.512∗∗∗ 1.025∗∗∗ 0.270
(0.039) (0.056) (0.069) (0.148) (0.286) (0.231)

Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 900 425 475 757 351 406 900 425 475
R-squared 0.422 0.493 0.557
Instruments 21 25 21 33 26 26
AR2 (p-value) 0.229 0.865 0.859 0.437 0.553 0.129
Hansen-J (p-value) 0.244 0.207 0.253 0.294 0.215 0.725

Source: Authors’ calculation
Observations are averages over a 5-year period. The misalignment measure is estimated using GDP per capita, net foreign
assets (NFA), terms of trade (TOT), and government expenditure (GOV).
Developing countries are identified by the threshold in per capita GDP used by Rodrik (2008) ($6000).
We have collapsed the instruments in order to restrict the number of instruments Roodman et al. (2006).
In both GMM-diff and -system only time dummies are assumed exogenous and used as instruments.
The Hansen test: the null hypothesis is that instruments are not correlated with the residuals.
The Arellano-Bond test, for AR(2) in first difference: the null hypothesis is that the errors in the first difference regression have
no second order serial correlation.
Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
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Table A11: Growth and RER Misalignment(pmg)

Fixed-Effects GMM-Diff GMM-Sys

I II III IV V VI VII VIII IX

Full Developing Developed Full Developing Developed Full Developing Developed
Initial income -0.061∗∗∗ -0.075∗∗∗ -0.080∗∗∗ -0.139∗∗∗ -0.151∗∗∗ -0.101∗∗ -0.043∗∗ -0.140∗∗∗ -0.024

(0.004) (0.006) (0.006) (0.030) (0.031) (0.045) (0.017) (0.033) (0.023)

Misalignment(pmg) 0.054∗∗∗ 0.075∗∗∗ 0.020∗∗ 0.055∗∗ 0.181∗∗∗ 0.029 0.035 0.134∗∗∗ 0.012
(0.005) (0.008) (0.008) (0.022) (0.050) (0.059) (0.046) (0.040) (0.063)

Investment 0.007∗∗∗ 0.006∗∗∗ 0.003 0.040∗∗ -0.050 -0.019 0.012 -0.001 -0.016
(0.002) (0.002) (0.003) (0.016) (0.051) (0.034) (0.022) (0.017) (0.034)

Government expenditure -0.001 0.020∗∗∗ -0.073∗∗∗ -0.075∗∗ 0.090∗ -0.006 -0.127∗∗ 0.032 -0.165∗∗∗
(0.006) (0.007) (0.009) (0.033) (0.051) (0.106) (0.052) (0.042) (0.062)

Human capital 0.034∗ 0.124∗∗∗ -0.002 0.158 0.058 0.313 0.254∗∗∗ 0.580∗∗∗ 0.259∗
(0.019) (0.035) (0.023) (0.250) (0.293) (0.438) (0.058) (0.225) (0.149)

Terms of trade -0.050∗∗∗ -0.041∗∗∗ -0.067∗∗∗ 0.002 -0.140 -0.084 -0.300∗ -0.058 -0.292
(0.010) (0.013) (0.016) (0.064) (0.127) (0.132) (0.178) (0.086) (0.224)

Constant 0.550∗∗∗ 0.507∗∗∗ 1.029∗∗∗ 0.523∗∗∗ 0.730∗∗∗ 0.529∗∗∗
(0.040) (0.057) (0.070) (0.176) (0.272) (0.201)

Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 905 430 475 760 353 407 905 430 475
R-squared 0.399 0.468 0.541
Instruments 33 17 21 33 26 22
AR2 (p-value) 0.121 0.874 0.156 0.125 0.304 0.200
Hansen-J (p-value) 0.144 0.783 0.110 0.163 0.708 0.689

Source: Authors’ calculation
Observations are averages over a 5-year period. The misalignment measure is based on a pooled mean group (PMG) approach,
where the equilibrium real exchange rate is estimated using GDP per capita, net foreign assets (NFA), terms of trade (TOT),
and government expenditure (GOV).
Developing countries are identified by the threshold in per capita GDP used by Rodrik (2008) ($6000).
We have collapsed the instruments in order to restrict the number of instruments Roodman et al. (2006).
In both GMM-diff and -system only time dummies are assumed exogenous and used as instruments.
The Hansen test: the null hypothesis is that instruments are not correlated with the residuals.
The Arellano-Bond test, for AR(2) in first difference: the null hypothesis is that the errors in the first difference regression have
no second order serial correlation.
Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.

186



Table A12: Growth and RER Misalignment(csardl)

Fixed-Effects GMM-Diff GMM-Sys

I II III IV V VI VII VIII IX

Full Developing Developed Full Developing Developed Full Developing Developed
Initial income -0.053∗∗∗ -0.056∗∗∗ -0.084∗∗∗ -0.074∗ -0.146∗∗∗ -0.149∗∗ -0.040∗∗ -0.098 -0.020

(0.004) (0.007) (0.006) (0.041) (0.055) (0.061) (0.019) (0.073) (0.032)

Misalignment(csardl) 0.007 0.027∗∗∗ -0.023∗∗∗ -0.016 0.030 -0.078 -0.002 0.117∗ -0.051
(0.006) (0.010) (0.007) (0.022) (0.061) (0.060) (0.056) (0.065) (0.061)

Investment 0.006∗∗∗ 0.006∗∗ 0.002 0.012 0.041 0.017 0.011 0.004 -0.022
(0.002) (0.002) (0.003) (0.012) (0.041) (0.030) (0.022) (0.030) (0.034)

Government expenditure -0.007 0.018∗∗ -0.080∗∗∗ -0.053 0.017 -0.177∗∗∗ -0.127∗∗∗ 0.028 -0.170∗∗
(0.006) (0.008) (0.009) (0.034) (0.061) (0.062) (0.048) (0.053) (0.086)

Human capital 0.061∗∗∗ 0.128∗∗∗ 0.025 0.450∗∗ 0.032 -0.053 0.246∗∗∗ 0.471 0.236
(0.020) (0.039) (0.023) (0.210) (0.563) (0.189) (0.071) (0.381) (0.234)

Terms of trade -0.027∗∗ -0.015 -0.059∗∗∗ -0.029 -0.018 0.135 -0.313∗ -0.097 -0.242
(0.011) (0.014) (0.016) (0.076) (0.133) (0.134) (0.173) (0.190) (0.336)

Constant 0.433∗∗∗ 0.316∗∗∗ 1.049∗∗∗ 0.508∗∗∗ 0.467 0.544∗∗
(0.041) (0.059) (0.071) (0.159) (0.494) (0.223)

Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 905 430 475 760 353 407 905 430 475
R-squared 0.316 0.348 0.546
Instruments 33 21 25 33 26 33
AR2 (p-value) 0.119 0.412 0.0986 0.113 0.366 0.349
Hansen-J (p-value) 0.204 0.215 0.560 0.205 0.634 0.162

Source: Authors’ calculation
Observations are averages over a 5-year period. The misalignment measure is based on a cross-sectionally augmented autore-
gressive distributed lag (CS-ARDL) approach, where the equilibrium real exchange rate is estimated using GDP per capita,
net foreign assets (NFA), terms of trade (TOT), and government expenditure (GOV). Developing countries are identified by
the threshold in per capita GDP used by Rodrik (2008) ($6000). We have collapsed the instruments in order to restrict the
number of instruments Roodman et al. (2006).
In both GMM-diff and -system only time dummies are assumed exogenous and used as instruments.
The Hansen test: the null hypothesis is that instruments are not correlated with the residuals.
The Arellano-Bond test, for AR(2) in first difference: the null hypothesis is that the errors in the first difference regression have
no second order serial correlation.
Standard errors in parentheses, *, **, *** represents the level of statistical significance at 10%, 5% and 1 %, respectively.
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Appendix for Chapter 2
Figure A4: Density Plots
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Table A13: Industry Matching

OECD STAN Data OECD BERD Data RIETI Data

Food Products and Beverages Food, Beverage, and Tobacco
Products

Food, Beverage, and Tobacco

Tobacco Products Food, Beverage, and Tobacco
Products

Food, Beverage, and Tobacco

Textile, Wearing Apparel,
Leather, and Related Products

Textile, Wearing Apparel,
Leather, and Related Products

Textile, Textile Products,
Leather, and Footwear

Wood and Products of Wood and
Cork, Except Furniture

Wood and Products of Wood and
Cork, Except Furniture

Wood Products (Excl. Furni-
ture)

Paper and Paper Products Paper and Paper Products Paper, Paper Products, Print-
ing, and Publishing

Printing and Reproduction of
Recorded Media

Printing and Reproduction of
Recorded Media

Paper, Paper Products, Print-
ing, and Publishing

Coke and Refined Petroleum
Products

Coke and Refined Petroleum
Products

Coke, Refined Petroleum Prod-
ucts, and Nuclear Fuel

Chemical and Pharmaceutical
Products

Chemical and Chemical Prod-
ucts

Chemical and Chemical Prod-
ucts

Chemical and Pharmaceutical
Products

Basic Pharmaceutical Products Chemical and Chemical Prod-
ucts

Rubber and Plastic Products Rubber and Plastic Products Rubber and Plastic Products
Non-metallic Mineral Products Non-metallic Mineral Products Non-metallic Mineral Products
Basic Metals and Fabricated
Metal Products, Except Machin-
ery and Equipment

Basic Metals Basic Metals and Fabricated
Metal Products

Basic Metals and Fabricated
Metal Products, Except Machin-
ery and Equipment

Fabricated Metal Products, Ex-
cept Machinery and Equipment

Basic Metals and Fabricated
Metal Products

Electrical, Electronic, and Opti-
cal Equipment

Computer, Electronic, and Opti-
cal Products

Electrical Machinery and Appa-
ratus N.E.C.

Electrical, Electronic, and Opti-
cal Equipment

Electrical Equipment Electrical Machinery and Appa-
ratus N.E.C.

Machinery and Equipment
N.E.C.

Machinery and Equipment
N.E.C.

Machinery and Equipment
N.E.C.

Transport Equipment Motor Vehicles, Trailers, and
Semi-trailers

Transport Equipment

Transport Equipment Other Transport Equipment Transport Equipment
Note: We use the OECD’s Structural Analysis (STAN) and Business Enterprise R&D (BERD) datasets to
obtain the data for industry-level investments, R&D, and output. We also use the data published by the
Research Institute of Economy, Trade, and Industry (RIETI) to obtain the industry-specific effective real
exchange rate measures.
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Appendix for Chapter 3

Appendix A: Hamilton filter

A.1 Hamilton Filter

In this section, we describe the forward-backward algorithm, also known as the Hamilton

filter. For a detailed explanation see, Hamilton (1989) and Hamilton (2016). The Hamilton

filter proceeds in two steps:

• Prediction Step: The state variable is predicted one period forward

ξ̂t|t−1 = P ξ̂t−1|t−1 (53)

where P is the transition probabilities and ξt|t−1 is an estimate of p(st = i|It−1, θ) where

p(st = i|It−1,θ) =
1∑
j=0

p(st = i|st−1 = j, It−1, θ)p(st−1 = j|It−1, θ) (54)

• Update Step: Update the predicted estimate with information in the data at time t,

This can be obtained via:

ξ̂t|t = (ξ̂t|t−1 � ηt)
1′(ξ̂t|t−1 � ηt)

(55)

ηt = p(yt|st = i, It−1, θ) = 1√
2πσ2

st

exp[ −(yt − xtβst)(yt − xtβst)′
2σ2

st

] (56)

where � indicates element by element multiplication,each element of ξ̂t|t is equal to

the normalized p(st|It). Applying these two steps provides the likelihood function of

the model p(yt|It−1) and ξt|t or p(st|It−1, yt).

To start Hamilton filter, we need to specify initial ξ1|0. It can be set equal to the unconditional

probabilities or can be treated as a separate parameter to be estimated. For the two regime
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case considered here these unconditional probabilities are given by:

p(s0 = 0) = 1− p11

2− p00 − p11
(57)

p(s0 = 1) = 1− p(s0 = 0) (58)

A.2 Sampling s̃

We want to derive the conditional distribution p(S̃t|σ2
st
, βst , P, Ỹt) where S̃t = [s1, ..., st] ,

Ỹt = [y1, x1, ..., y1, x1]. The joint density p(s1, s2, ..., st|Ỹt) can be factored as

p(s1, s2, ..., st|Ỹt)

= p(st|Ỹt)p(s1, s2, ...st−1|Ỹt, st)

= p(st|Ỹt)p(st−1|st, Ỹt)p(s1, s2, ...st−2|Ỹt, st, st−1)

= p(st|Ỹt)p(st−1|st, Ỹt)p(st−2|st, st−1, Ỹt)...p(s1|s2, ..., st−1, st, Ỹt)

(59)

The last line can be written as:

H(st|Ỹt)H(st−1|st, Ỹt−1)H(st−2|st−1, Ỹt−2)...H(s1|s2, Ỹ1) (60)

= H(st|Ỹt)
t−1∏
t=1

H(st|st+1, Ỹt) (61)

Hence, the conditional posterior for the state variable to sample from is given by:

H(s̃t|σ2
st
, βst , P, Ỹt) = H(st|Ỹt)

t−1∏
t=1

H(st|st+1, Ỹt) (62)
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Appendix B: Data construction

In this section, we describe the process of our data construction and the definition of vari-

ables. We assign sit = ln(Sit) and frit = ln(FRit) to represent the logarithmic nominal spot

exchange and logarithmic nominal forward spot exchange rate in terms of U.S dollars per

foreign currency, respectively. In this appendix, we mark foreign variables with an asterisk,

x∗t , while U.S variables are denoted without an asterisk, xt. The conventional time series

difference operator is represented as ∆xt = xt − xt−1.

Data on daily spot and one-month forward exchange rates are sourced from Barclays and

Reuters through Datastream. We utilize this daily data to formulate monthly variables. We

define a monthly excess return for a U.S. investor, who borrows in U.S. dollars at the U.S.

risk-free rate and purchases a foreign one-month risk-free asset, as ri,t+1 = si,t+1 − (it − i∗t ).

To calculate the cross-country interest rate differential, we employ Thomson’s interbank

rates. If any observations are missing, we fill them in using ri,t+1 = si,t+1− fi,t, following the

practice of previous studies like Lustig et al. (2011, 2014); Mueller et al. (2017).This excess

return can be seen as the return from purchasing a foreign currency in the forward market

in month t and selling it in the spot market in month t + 1. This approximation is feasible

because, under covered interest parity (CIP ), (it − i∗t ) ≈ (fi,t − si,t). Akram et al. (2008)

empirically affirm that CIP is valid over short and long durations.

The interest rate differential is characterized by ii,t−i∗t .To substitute for missing observations

for ∆ciit = it−i∗it, we use the forward discount fi,t−si,t. Following the methodology of Lustig

et al. (2011) we eliminate some forward discount observations due to significant failure of

Covered Interest Parity (CIP). These include data from South Africa from July to December

1985, Indonesia up to July 2007, and Malaysia from August 1998 to June 2007.

The real exchange rate is defined by eit, which represents the logarithm of the real exchange
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rate for the i-th country, given by:

eit = sit − (pt − p∗it) (63)

This equation implies that a higher value of eit corresponds to a depreciation of the U.S.

dollar.

The studies conducted by Lustig et al. (2011); Verdelhan (2018) reveal that the variations

observed in currency excess returns across different assets can be effectively explained by

two factors, namely the carry and dollar factors.

CFt = 1
nH,t

∑
i∈H

rit −
1
nL,t

∑
i∈L

rit (64)

The notation nH,t and nL,t represents the number of currencies with high (low) interest rates

in month t. The dollar factor, on the other hand, is derived by taking the average of all

currency returns.

DFt = 1
nt

∑
i

rit (65)

where nt denotes the number of all currencies in month t.

Data on the aggregate capital ratio of financial intermediaries can be found on Zhiguo He’s

personal homepage. https://voices.uchicago.edu/zhiguohe/data-and-empirical-patterns.

The capital ratio is determined by dividing the total market equity by the sum of the market

equity and book debt.
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Appendix C: Density Plots

Figure A5: Kernel density estimates of β1 coefficient

Note:Kernel density estimates of β1: tthe blue curve represents β10, and the red curve
represents β11.
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Figure A6: Kernel density estimates of σ2
1

Note: Kernel density estimates of σ2
1: the blue curve represents σ2

10 and the red curve
represents σ2

11.
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