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Current literature indicates that currency undervaluation has various effects on
economic growth. This work testified the correlation between a low real exchange rate and
economic growth, and also explores the mediating effects of intermediate variables such as
foreign direct investment and net export. The research firstly calculates the undervaluation
of the real exchange rate based on the Balassa-Samuelson effect. The data is used to
construct an econometric model, which employed panel regression to analyze annual data
from 156 countries from 1970 to 2019 to examine the impact of undervaluation on a
country's economic growth. Secondly, a mediation analysis is conducted to unveil the
specific mechanisms through which the independent variable influences the dependent
variable. Besides, a three-order VAR (Vector Autoregression) model with four variables is
established using the previously obtained undervaluation index to analyze the multi-
dimensional dynamic relationship between different variables. The results passed the
Granger Causality Test, indicating there might be a casual effect between these two
variables. Results show that the impact of undervaluation on economic growth varies across
different types of countries, and the dominant intermediate variables differ as well. This
study may as well offer some insights for policymakers in formulating appropriate exchange
rate policies to promote economic growth based on their country’s specific circumstances.

real exchange rate, currency undervaluation, foreign direct investment, net
export, panel regression, mediation effect, VAR model

The study of the impact of exchange rate fluctuations on macroeconomy is surly an important topic
in economics, particularly in the economic globalization context. The examples of rapidly growing
economies have shown that governments can influence their domestic currency exchange rates
through various methods in order to gain advantages in their export-oriented economies and promote
economic development. Typical examples include Japan, China, and some other East Asian
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countries or regions over the past few decades, where appropriate exchange rate adjustments have
played a significant role in maintaining their international competitiveness [1].

For a long time, researchers have primarily concentrated on the adverse effects of exchange rate
misalignment on the economy. Both empirical evidence and theoretical perspectives generally
suggest that an overvalued currency is detrimental to economic development and is often associated
with macroeconomic instability [2].

Rodrik's research, using cross-country data over a longer time span, found a strong correlation
between economic growth and undervalued real exchange rates (RER) [3]. Since then, the
relationship between them has become a popular research topic. Increasingly, studies have found
that an undervalued exchange rate may contribute to economic growth, particularly for developing
countries [4]. China's recent performance has attracted widespread international attention to this
phenomenon. It is widely believed internationally that the People's Bank of China has maintained a
lower exchange rate for the renminbi to achieve a trade surplus, which has made a significant
contribution to China's long-term economic growth.

However, it is worth noting that the stimulative impact of an undervalued exchange rate on
economic development is indeed complicated. In the short term, it is intuitively understood that a
lower real exchange rate fosters economic growth by boosting exports. However, the mechanisms
underlying this relationship become much more complex when viewed from a long-term
perspective, simply speaking, there is a lack of consensus among these theories. Different theories
may emphasize different economic factors and channels, making it difficult to form a unified
theoretical framework to guide policy-making. For instance, some theories emphasize market
failures and suboptimal adjustment mechanisms [3], while others focus on structural changes and
mobilization of surplus labour [5].

In view of this, this study employed a comparative perspective, focusing on two primary
channels: capital and trade. Two mediation effects, foreign direct investment (FDI) and net export
(NX), are thereby selected. The capital channel is represented by foreign direct investment, where an
undervaluation of a country's currency can attract more foreign investment and capital inflows,
thereby promoting economic growth. The trade channel encompasses exports and imports, where an
undervalued currency can lead to relatively lower export prices, potentially boosting net exports and
thus leading to economic growth. Additionally, different countries may exhibit variations in the
impact of currency undervaluation due to factors such as their development level, domestic
economic policies, degree of market openness, and industrial structure. Therefore, the objective of
this study is to investigate the underlying link between currency undervaluation and economic
growth by conducting cross-country comparisons and examining how national attributes influence
the channels through which undervaluation influences economic growth. This will provide valuable
references for policymakers making optimal choices based on local conditions.

The thesis includes the following parts: Chapter 2 gives a brief review of the related studies on
the influence mechanism of the real exchange rate underestimate on economic growth. Chapter 3
illustrates how the variables are chosen and how data is processed. Chapter 4 is about the
methodology related to this research, specifically panel regression, mediation effects, and vector
autoregression. The exploratory analysis is carried out step by step in Chapter 5, where the results
will be discussed as well. Chapter 6 draws the final conclusion on this thesis and gives possible
directions for future researches based on this.
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2. Literature review

Academic consensus on the precise mechanism through which undervalued real exchange rates
affect economic growth is yet to be established. Existing theories suggest that exchange rate
fluctuations can impact economic development through various channels, including international
trade, capital flows, and price levels. Hu et al., through empirical analysis of 179 countries
worldwide, found that undervalued real exchange rates are conducive to promoting economic
growth, with industrial expansion, labor mobility, capital investment, and technological progress
being the main channels of influence [6]. Freund and Pierola, by analyzing export surges in 92
countries, discovered that in developing countries, such upswings are typically preceded by a
substantial real depreciation, resulting in a significantly undervalued exchange rate, along with a
decrease in exchange rate volatility. They argue that by maintaining a competitive currency, firms
tend to expand their product offerings and explore new export markets, significantly reorientating
the tradable sector [7]. Guzman et al. found that changes in the real exchange rate affect industrial
growth through the investment channel. However, the differential spillover effects across sectors
also have an impact on industrial structure [8]. Markusen et al. comprehensively explored the
facilitative role of foreign direct investment (FDI) in promoting local industrial development [9]. In
a separate study, Tiange Z. specifically examined the effects of fluctuations in the Vietnamese dong
exchange rate on Vietnam's economic growth through an empirical analysis using the VAR (Vector
Autoregression) model and compared the contributions of the investment and trade channels [10].

3. Exploratory data analysis
3.1. Data acquisition and description
3.1.1. Theoretical analysis of the impact of exchange rate undervaluation on macroeconomy

The real exchange rate has been considered one of the rarest and most poorly defined concepts in
economics [11]. The real exchange rate can be subdivided into external real exchange rate and
internal real exchange rate. First of all, the external one refers to the exchange rate between a basket
of representative goods of two countries, excluding the factor of the currency itself, which is used to
reflect the international competitiveness of the country's commodity prices. In addition, the internal
real exchange rate refers to the internal price of a country's non-tradables compared to its tradables.
The dimension chosen in this paper is the external real exchange rate.

Whether based on the theory of purchasing power parity, RER should be basically stable since it
is affected by supply and demand factors, it is believed that various economic factors endogenously
determine the real exchange rate, that is, the real exchange rate must change when other economic
factors vary, therefore cannot be used as a policy tool. It also provides theoretical support for the
choice of empirical analysis method below.

3.1.2. Influence mechanism of exchange rate fluctuation on economic growth
3.1.2.1. Channel of international trade
According to the GDP expenditure method formula:

Y=C=I=G=NX (1)
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From the demand perspective, net export constitutes a part of total demand, and increasing a
country's net exports will inevitably lead to economic growth. At the same time, import and export
trade is closely related to investment and consumption, while the changes in import and export trade
will also affect the changes in investment and consumption, affecting the total demand and
economic growth. From the supply perspective, import and export trade is conducive to domestic
technological progress, institutional innovation, and optimal allocation of resources. The technology
spillover effect of import and export trade helps domestic enterprises to introduce and learn
advanced technologies, enhance their competitiveness and innovation ability, improve their
production efficiency, drive the improvement of total factor productivity of industries, and promote
economic growth. Enterprises' management systems and business model have an important impact
on their long-term development. At the same time, production based on factor endowment has a
comparative advantage, which is conducive to improving the efficiency of domestic resource
utilization, optimizing resource allocation, and promoting economic growth.

According to the new classical economic growth theory:
Y = AF(K,L) = AK°L* 2)

Foreign direct investment constitutes a part of a country's capital factors and directly affects
economic growth. At the same time, foreign direct investment also impacts a country's industrial
structure adjustment, technological progress, system reform, etc. Foreign direct investment
indirectly promotes the country's economic growth by affecting the total factor productivity. In terms
of direct impact, the production and sales of foreign-funded enterprises are conducive to increasing
import and export trade and promoting economic growth. Meanwhile, the inflow of foreign direct
investment drives part of the employment, affects the input of human capital factors, and therefore
affects economic growth. In terms of indirect effect, on the one hand, the industrial transfer brought
by foreign direct investment directly affects the industrial structure of the host country. The increase
in foreign direct investment has a thorough effect along the entire industrial chain, affecting the
production layout of upstream, middle, and downstream enterprises and then affecting the industrial
structure of the host country. When the industrial structure is optimized and upgraded, the total
factor productivity will be improved, which is conducive to promoting economic growth. From a
different perspective, though, the technology spillover effect of foreign direct investment is
conducive to promoting the technological progress of host countries. Foreign enterprises intensify
the market competition of host countries.

According to the above analysis, exchange rate fluctuations will affect economic growth through
international trade channels and capital flow. Previous studies often used import and export and
foreign direct investment as proxy variables for the main channels affecting economic growth.
Therefore, the same proxy variables are selected to reflect the influence of international trade and
international capital flow channels in the model construction of this chapter. In addition, this paper
studies the growth rate of real GDP as an indicator to reflect economic growth. To sum up, in this
paper, four endogenous variables are selected to model the impact of exchange rate undervaluation
on economic growth: exchange rate undervaluation (udv) of various countries, net export (nx) as the
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proxy variable of international trade channel, that is, the difference between the export volume and
import volume of the country's goods trade, foreign direct investment(fdi) as the proxy variable of
international capital flow channel. And gross domestic product (gdp). The net export of goods trade
and foreign direct investment data are from the CEIC database. To avoid the bias caused by the
COVID, the sample interval of this model is annual data from 1970 to 2019, and all variables except
net export (nx) are taken as natural logarithms.

3.3. Feature engineering

Countries with missing values are excluded from the calculation. The remaining data has no outliers,
and then the log of the real exchange rate (RER), undervaluation, and GDP per capital is taken to
ensure the data is more available for regression analysis. The details of the calculation of RER,
undervaluation and the growth rate will be further discussed in the subsequent section.

3.4. Statistical analysis and data visualization

Figure 1 below shows the growth rates and real exchange rates for Brazil, Australia, and the United
Kingdom. The curve is quite smooth, indicating that the data is available.

Bazi s

Figure 1. Growth rate v.s. RER

4. Methodology
4.1. Panel data regression: time fixed effects model

Panel data is a type of data that combines cross-sectional and time series information. In panel data,
we observe the changes in multiple entities (such as countries, companies, or individuals) over
multiple time periods. This data type provides more information and allows us to simultaneously
consider the differences among entities and the changes over time.

The fixed effects model is a commonly used approach to deal with panel data. The mathematical
expression of individual fixed effects can be represented as follows:

Yit = @ + Pry + v + uy (3)



Proceedings of the 3rd International Conference on Financial Technology and Business Analysis
DOI: 10.54254/2754-1169/2024.24575

Here, y;: represents the dependent variable observation for entity ¢ attime ¢, while z;; is the
independent variable observation for entity ¢ at time ¢, ~; represents the individual fixed
effects capturing the inter-individual differences, « is the constant term, and wu;; represents the
error term.

In the fixed effects model, we assume that the inter-individual differences are fixed, meaning they
do not vary over time and are uniquely associated with individual characteristics. This would help to
control the differences between individuals and, therefore, obtain more accurate estimates of the
effects of independent variables on dependent variables.

Similarly, the time-fixed effects model is another variation of the fixed effects model. It can be
expressed as:

Yir = o+ BTy + v + Uy 4)

Here, ~; represents the time-fixed effects, which are time-specific constants capturing the time-
related influence on the dependent variable. These effects are assumed constant across entities and
are only determined by time.

4.1.1. Process introduction

RER (Real Exchange Rate) represents the ratio of a country's price level to the price level in the
United States. The underestimation of RER refers to a situation where the actual value of RER is
higher than its theoretical value, indicating that the purchasing power of the country’s currency is
underestimated.

The calculation process is divided into three steps.

4.1.2. Calculate RER

In the first step, we calculate the actual value of RER using two methods:
InRER;; = In(VGDP,,/QGDP;) (5)
InRER;; = In(XRAT,,/PPPy) (6)

Since the method of calculating RER is not fixed, we plan to test the stability of the model by
using multiple calculation methods. The first method uses data from Penn World, which assesses the
overall price level across countries, while the second method uses data from the World Table, which
conducts a weighted average of a basket of goods to examine a country's price level. The second
method considers fewer types of goods than the first, but the quality of the calculation method also
affects the accuracy of RER.

4.1.3. Calculate undervaluation

In the second step, we calculate the underestimation based on panel data. As the method for
calculating underestimation is also not fixed, this article adopts three different calculation methods
to test the stability of the model. The first method is based on the PPP (Purchasing Power Parity)
theory, which states that in the long run, the same goods should have the same prices across different
countries. Suppose a good is more expensive in one country than another. In that case, people will
tend to buy from the cheaper country, leading to balanced prices under conditions without trade
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barriers and transportation costs. Thus, RER should theoretically equal 1. The latter two methods
utilize data from CEIC. As shown in Figure 2, China is taken as an example, the second method
calculates the true value of RER by averaging the RER data over a long time frame, which is a
rather rough calculation. The third method is based on the Balassa-Samuelson effect, which
indicates that non-tradable goods generally have lower prices in developing countries. Therefore, we
need to adjust the theoretical value of RER appropriately:

InRER;; = a+ BInRGDPCH;; + fi + ust (7)

Where f; is the time fixed effect, and uy; is the error term. This regression model reflects the
negative correlation between RER and the initial income level of the country, meaning that poorer
countries have lower price levels, which leads to a higher RER. This method can also test the
validity of the Balassa-Samuelson effect.

Then, we obtain the calculation results for UNDERVAL:

INUNDERVAL; — InRER;; — 1 )
INUNDERVAL; — InRER;; — InRER; ©)
InUNDERVAL, = InRER;, — InRER, (10)

If the calculated InUDV is greater than 1, it indicates that the actual price level in that country, in
relation to the price level in the United States, is lower than the theoretical ratio, therefore indicating
that RER is underestimated in that country.
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Figure 2. Different measurements of RER undervaluation
4.1.4. Regression

In the third step, we establish a panel regression model between the economic growth rate and
underestimation, using data from Penn World for the calculations. First, we calculate the economic
growth rate using the country's real GDP. Then, we build the model:

growthit = BInRGDPCH;; 1+ § IWUNDERV ALy + fi + fi + uat (11)

The dependent variable is the economic growth rate, the standard convergence term is the initial
income, and the model also includes time, country dummy variables, and error terms.

4.2. Assessing mediation effects using bootstrap methodology
4.2.1. Data standardized

First, the variables in the data, FDI, GDP, NX and UnderValuation, are standardized. The purpose of
this step is to eliminate dimensional effects between different variables, thus ensuring the validity
and robustness of the regression model calculations.

4.2.2. Construction of mediation effect model
First, establish the regression model between the independent variable and the intermediary variable:
M=a+aX+elM =a+aX + el (12)

Where M represents the mediating variable. X denotes the independent variable. « is the
intercept. €l represents the error term.

4.2.3. Build a dependent variable model

Then, establish the regression model among independent variables, intermediate variables, and
dependent variables.

Y =B+ ¢’ X +bM+ e2Y = B+ c’X + bM + €2 (13)

Where Y represents the dependent variable. 8 denotes the intercept. ¢’ indicates the direct
effect of the independent variable on the dependent variable. b refers to the regression coefficient
of the mediating variable on the dependent variable. €2 represents the error term.
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4.2.4. Calculation of intermediary effects

As shown in Figure 3 below, the left side represents the influence of independent variable X on
dependent variable Y (X — Y) , that is, direct effect ( ¢ ). In the process of mediating effect
detection, the direct influence of independent variable X on dependent variable Y becomes ¢’ ,
and a represents the influence of the independent variable on the mediating variable (X — M) . b
represents the influence of the mediating variable on the dependent variable (M — Y') , and the
indirect effect (a*b) represents the influence of the independent variable on the dependent variable
through a mediating variable.

UnderValuation UnderValuation
(x) (x)

al a2

Foreign Direct investment - Net Export
{

b1 b2

GDP GDP
[ e—
) (v)

Figure 3. Mediation effect diagram
The total effect can be expressed as: ¢ = ¢’ + (al*bl) + (a2*2)
4.2.5. Bootstrap significance testing

Bootstrap is a resampling method widely used in statistical inference to assess the reliability and
significance of estimators, such as mediating effects. Especially when dealing with small samples or
complex models, Bootstrap effectively constructs confidence intervals of estimators and tests their
significance.

The basic idea of the Bootstrap method is to repeatedly sample the original sample and then
calculate the statistics of interest (such as mediating effects) to construct its distribution. The specific
steps include: randomly sampling samples from the original sample in the way of putting back to
form multiple Bootstrap samples. Calculate the required statistics (e.g., direct effects, indirect
effects) in each Bootstrap sample. Based on the distribution of these statistics, confidence intervals
are constructed, and significance tests are carried out.

This method's advantage is that it does not depend on the data's distribution assumption, which
makes it more applicable than traditional parameter testing methods (such as the t-test).

4.3. Vector autoregression model

This study chooses a vector autoregressive model (VAR) to conduct an empirical analysis of the
impact of exchange rate undervaluation on economic growth. The VAR model is a model that
regresses the schedule variable on the lag period of all variables. The VAR model treats all variables
as endogenous variables to study the dynamic relationship between variables and does not require
the distinction between endogenous and exogenous variables, which corresponds to the theoretical
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part above that treats real exchange rate undervaluation as an endogenous variable. VAR uses the
Granger causality test to analyze the causal relationship between variables, uses impulse response to
study the direction, size, and duration of dynamic shocks of each variable, and uses variance
decomposition to study the contribution of each variable fluctuation.

The reason for choosing the VAR model in this paper is that the explanatory variables of the
model are the lagged variables of the explained variables, and there will be no problems existing in
the simultaneous equation model. The disadvantage of the VAR model is that it does not directly
explain the causal relationship between variables in the economic system but reflects the sequence
of variable changes in time. In addition, the VAR model requires a large number of parameters to be
estimated, and a large sample size can improve the accuracy of the model.

The basic form of the VAR model with k variables of order n is:

Yt =M+ :31},:‘,—1—’_:82}/;—2 +.. .+ :BnY;—n + & (14)
Where:
i_: 1,2,3,. ..,n;,Bj_:
. Bi1.jBi2j - Birj
Y, — ( : ) | BBt Bk ’ j=12,-.n
Yot i S e
| Br1.iBr2.j- - - Brk.; |
ﬂ':(ﬂlﬂk) 5 st:(elt"'skt)

Y; is a k-dimensional vector of endogenous variables, n is the lag order, and the number of
samplesis 1. B1--- Bn Is the dimension matrix, is the k-dimensional disturbance vector, and is the
covariance matrix. k X kei~IN(0,>0) D et .

5. Results and discussion
5.1. Panel data regression: time fixed effects model
5.1.1. RER fitting result

We obtain the fitted [ value for RER as -0.14, with a t value of -12.54, indicating that when initial
income increases by 100 percentage points, RER decreases by 14 percentage points. This proves the
Balassa-Samuelson effect. Besides, Figure 4 visually shows the results of undervaluation calculated
by different methods in three typical countries, indicating that the results vary.
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Figure 4. Undervaluation calculated in three countries
5.1.2. Panel regression results

Table 1 shows the regression results, which are also visually demonstrated in Figure 5. The
regression results based on the three calculation methods are quite similar, demonstrating a high
robustness of RER. Additionally, the results obtained from the other two calculation methods are
identical, possibly due to the individual fixed effect and the time fixed effect, and the result is
canceled out. Both the [ wvalue and the t value of the first calculation are highly significant,
including for developing countries. However, for developed countries, the t value is below 1, and the
B value is far lower than that of developing countries. It is evident that the positive effect of
undervaluation on economic growth is only valid for developing countries.

Consideration about difference between countries will be further explored in the subsequent
section.

Table 1. Panel regression of economic growth on undervaluation using different RER measures

Real exchange rate measure

RER = RER RER=1 RER = E[RER]

Developin Develope Developin Develope Developin Develope

a
All o d All o d All g d
In gdppc -0.0259  -0.0261  -0.0271 -0.0261 -0.0262  -0.0272 -0.0261 -0.0262  -0.0272
('“;'86 (-10.04)  (-6.31) ('1())'98 (-10.16)  (-6.37) ('1?'98 (-10.16)  (-6.37)
InUNDERVAL  0.0109  0.0109 0.0049  0.0124  0.0124 0.006  0.0124  0.0124 0.006
-4.44 -4.09 084  -5.01 -4.62 -1 -5.01 -4.62 -1
No. of
) 7,640 6,660 980 7,640 6,660 980 7,640 6,660 980
observation

a: The dependent variable is annual growth in GDP per capital, in percent. Observations are also
annual. All regressions include time and country fixed effects, Robust t statistics are in parentheses.
b: Sample excludes all countries with missing value.
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Figure 5. Growth and undervaluation among countries
5.2. Assessing mediation effects using bootstrap methodology

As shown in Table 2, in most countries, FDI and NX have significant Direct effects on GDP, which
is reflected in their significant Average Direct Effect (ADE) and Total effects. The Average Causal
Mediation Effect (ADCM) results of many of these countries are also significant, which indicates
that the Undervaluation will indeed take FDI and NX as the mediating variables to affect GDP.

Table 2. Partial results of mediation effects

FDIP Value ADCM ADE Total Effects NX P Value = ADCM ADE Total Effects

Algeria 0.430 0.920 0.940 Algeria 0.840 0.860 0.790
Argentina 0.492 0.056 0.028* Argentina 0.046* 0.032* 0.074
Australia 0.430 0.380 0.410 Australia 0.652 0.394 0.072
Austria 0.510 0.480 0.390 Austria 0.980 0.430 0.430

Brazil 0.710 0.002 ** 0.002 ** Brazil 0.146 0.000 *** 0.002 **

Canada 0.360 0.000 *** 0.002 ** Canada 0.024 *  0.000 *** 0.006 **
Chile 0.840 0.170 0.160 Chile 0.190 0.210 0.270

China 0.596 0.034 * 0.032 * China 0.664 0.026 * 0.000 ***
Cyprus 0.400 0.540 0.680 Cyprus 0.250 0.490 0.700

5.3. Vector autoregression model
5.3.1. Unit root test

In order to guarantee the stationarity of time series data, measures need to be taken before building
the VAR model, this study uses ADF method to test. As shown in Table 3, after the first-order
difference of the original variables is performed, 97% of the first-order difference series of each
variable reject the null hypothesis at the significance level of 5%, that is, there is no unit root,
indicating that the first-order difference series of each variable is stationary.
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Table 3. Partial results of unit root test

P-Value dludv difdi dlgdp dnx conclusion
Algeria 0.000 0.000 0.019 0.000 stable
Australia 0.000 0.000 0.000 0.000 stable
Austria 0.000 0.000 0.000 0.000 stable
Canada 0.000 0.000 0.000 0.047 stable
Chile 0.000 0.000 0.000 0.008 stable
China 0.000 0.009 0.000 0.000 stable
Cyprus 0.000 0.000 0.000 0.000 stable

5.3.2. Determine the lag order

It is very important to determine the optimal lag order for VAR model. The lag order of the model
must be sufficiently large to utilize the variable information in the model effectively. However, the
lag order of the model must not be too large, which will lead to too many estimated parameters and
insufficient data estimation. In this study, according to the minimum optimal principle of the FPE
criterion and AIC criterion, it can be seen from Table 4 that according to the information criterion,
the optimal lag order of most countries is between 2 and 4. To make the lag order more
compromised, the optimal lag order of this model is 3.

Table 4. Optimal lag across countries

country Lag country Lag country Lag
Algeria 3 Ghana 3 Nigeria 3
Australia 4 Iceland 2 Norway 4
Austria 2 Israel 3 Oman 2
Canada 2 Jordan 4 Panama 1
Chile 2 Kenya 4 Philippines 2
China 4 Malawi 0 Portugal 1
Cyprus 3 Malta 1 Singapore 4
Denmark 0 Mexico 2 Spain 1
Ecuador 1 Mozambique 2 Sweden 1
Finland 0 Myanmar 2 Thailand 3
Germany 3 Netherlands 2 Tunisia 2

5.3.3. Cointegration test

Once the optimal lag order of the model has been determined, the cointegration test is conducted to
assess the existence of a long-term cointegration relationship among the variables. The significance
of the cointegration test is to avoid the spurious regression caused by the absence of a cointegration
relationship in the time series. Engle-Granger is only applicable to the two-variable test, while
Johansen is applicable to the multivariate test. Therefore, the Johansen cointegration test was used in
this thesis. For the null hypothesis of "at most three cointegration relationships," Table 5 lists the
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trace statistics of all countries, most of which are greater than 3.76 of the critical value of 5%
significance, indicating that the model can reject the null hypothesis at the significance level of 5%,
and there are at least three cointegration relationships in the four variables of the model. According
to the above test results, this section constructs a three-order vector autoregressive model with four
variables (DR, DN, DF, DG) to conduct an empirical analysis of the impact of exchange rate
changes on economic growth.

Table 5. Cointegration test results

country Trace statistic country Trace statistic country Trace statistic
Algeria 3.77 Ghana 7.08 Nigeria 4.01
Australia 10.28 Iceland 3.75 Norway 3.07
Austria 32 Israel 5.99 Oman 10.15
Canada 11.02 Jordan 7.96 Panama 8.48
Chile 15.97 Kenya 7.37 Philippines 4.88
China 7.58 Malawi 4.83 Portugal 14.32
Cyprus 1.82 Malta 5.06 Singapore 10.80
Denmark 12.95 Mexico 5.06 Spain 8.62
Ecuador 8.93 Mozambique 4.78 Sweden 12.61
Finland 9.77 Myanmar 5.80 Thailand 5.30
Germany 9.77 Netherlands 14.93 Tunisia 8.76

5.3.4. Stability test

After constructing the VAR model, the stability of the model parameters is tested. According to
Figure 6, all the characteristic roots of the countries in this study are less than unity, so the model
parameters of all countries are stable.
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Figure 6. Partial results of stability test
5.3.5. Granger causality test

The Granger causality test is used to determine the interdependence between variables. Since this
model focuses on the impact of currency undervaluation on economic growth based on the
international trade channel and the international capital flow channel. Table 6 lists the Granger test
results for all countries. According to the test results, in all countries, exchange rate undervaluation
affects economic growth through both the international trade channel ( m =12 ) and the
international capital flow channel ( n = 10). In addition, there are some economic growths caused
by reasons not observed in this paper.
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Table 6. Granger causality test results

country Granger country Granger country Granger
Algeria fdi Ghana fdi Nigeria none
Australia nx Iceland nx Norway none
Austria none Israel fdi Oman none
Canada nx Jordan nx Panama none
Chile nx Kenya fdi Philippines nx
China fdi Malawi fdi Portugal none
Cyprus nx Malta none Singapore none
Denmark nx Mexico fdi Spain nx
Ecuador fdi Mozambique none Sweden fdi
Finland nx Myanmar nx Thailand none
Germany nx Netherlands fdi Tunisia none

The purpose of this research is to obtain a more general result on whether the impact of exchange
rate undervaluation differs across countries at different stages of development, based on the results
of 33 typical countries at different stages of development.

Tables 7&8 show the Granger causes for all developed and developing countries respectively. It
can be seen from the following table that in developed countries, the impact of exchange rate
undervaluation on GDP growth is mainly through net export, that is, in developed countries, the
exchange rate undervaluation mainly affects the country's economic growth through international
trade channels ( n = 8) ; In developing countries, the impact of exchange rate undervaluation on
GDP growth is mainly through foreign direct investment, that is, currency undervaluation mainly
affects the country's economic through the channel of international capital flow (n = 7).

Table 7. Granger causes in developed countries

country Granger country Granger
Australia nx Israel fdi
Austria None Malta none
Canada nx Netherlands fdi
Cyprus nx Norway none
Denmark nx Portugal none
Finland nx Singapore none
Germany nx Spain nx
Iceland nx Sweden fdi
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Table 8. Granger causes in developing countries

country Granger country Granger
Algeria fdi Mozambique none
Chile nx Myanmar nx
China fdi Nigeria none
Ecuador fdi Oman none
Ghana fdi Panama none
Jordan nx Philippines nx
Kenya fdi Thailand none
Malawi fdi Tunisia none
Mexico fdi

Regarding the second part, to study the channels of exchange rate undervaluation on economic
growth, this study makes an in-depth analysis of the relationship between exchange rate
undervaluation and economic growth by establishing a VAR model. The research results show that
the impact of exchange rate undervaluation on economic growth varies in different countries and
development stages. The research of Hu et al. shows that real exchange rate undervaluation is
conducive to promoting economic growth, among which industrial expansion, labor flow, capital
investment, and technological progress are the main channels of influence [5]. This study finds that
currency undervaluation does have an impact on economic growth through international trade and
international capital flow channels. From the perspective of international trade channels, net exports
constitute a part of aggregate demand. Import and export trade is closely related to investment and
consumption, and its changes will affect aggregate demand and economic growth. Import and export
trade contributes to domestic technological progress, institutional innovation, and optimal allocation
of resources. This is consistent with the technical spillover effect of import and export trade and its
impact on the enterprise management system mentioned in Freund and Guzman's literature [7,8]. In
terms of international capital flow channels, FDI constitutes a part of the country's capital factor and
directly affects economic growth. At the same time, FDI also has an impact on the country's
industrial restructuring, technological progress, and institutional reform. This is consistent with the
research conclusion of Markusen et al. on FDI promoting local industrial development [9]. Through
the Granger causality test, we find that in developed countries, the impact of exchange rate
undervaluation on GDP growth is mainly through net exports, that is, mainly through international
trade channels, affecting the country's economic growth, while in developing countries, the impact is
mainly through foreign direct investment, or in other words, international capital flow channels. This
result is consistent with Rodrik's findings that there is a close relationship between real exchange
rates and economic growth, and it shows different channels of influence in countries at different
stages of development [3]. However, it should be noted that, as pointed out by Haddad and Pancaro,
the role of undervalued exchange rates in promoting economic development is not always
sustainable, and the long-term maintenance of such policies may distort domestic investment
decisions and be detrimental to long-term sustainable development [12]. To sum up, the findings of
this study provide a valuable reference for policymakers, who can choose appropriate policies to
promote economic growth according to their country's stage of development and specific
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circumstances. At the same time, future research can further explore how to achieve economic
growth while ensuring policy sustainability and stability.

6. Conclusion

The objective of our research is to test whether exchange rate undervaluation will affect national
economic growth and to explore the channels through which exchange rate undervaluation affects
economic growth. This study divides the channels into trade channels and capital flow channels.
First of all, this paper uses the calculation method of exchange rate undervaluation pointed out in the
existing literature, concludes that there is a strong correlation between the two, and uses two other
methods to calculate exchange rate undervaluation to verify the robustness of our conclusion.
Second, this paper introduces the proxy variables of the two channels, net export, and foreign direct
investment, and uses the VAR model to find that the impact channels of exchange rate
undervaluation on the economic growth of countries at different stages of development do vary. To
be specific, developed countries mainly use trade channels, while developing countries mainly use
international capital flow channels. This is basically consistent with the conclusions of previous
studies.
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