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Abstract

The paper seeks to determine the effect of exchange rate volatility on foreign direct investment
in Ghana from 1986 to 2017. The study adopted the Generalized Autoregressive Conditional
Heteroskedasticity model to fit the data set from 1986-2017. The results indicate that, previous
quarter information can influence current quarter volatility in Foreign Direct Investment. Real
exchange rate, gross domestic product and treasure bill rate considered as external factors, are
all found to be significant. This shows that, volatility from these factors can spillover to
volatility in foreign direct investment. To ensure stable inflow of foreign direct investment, we
recommend that policies should gear towards stability in the forex market and interest rate
among others.
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1. Introduction

The effect of Foreign Exchange Volatility (FEV) on Foreign Direct Investment (FDI) has been
well documented in the extant literature. Empirical evidence of the relationship between
foreign exchange rate volatility and foreign direct investment is necessary for formulating
policies that will help improve economic growth. However, research evidence have indicated
theoretical uncertainty and inconclusive results about the impact on investment. Hence, from
an empirical point of view, the exact relationship between FEV and FDI is uncertain (Dhaka et
al., 2010; Sharifi-Renani and Mirfatah, 2012). This uncertainty arises as the impact can either
be positive or negative depending on the assumption about the adjustment cost, the degree of
competition and risk- aversion (Hanusch et. al., 2018, Ullah. S et.al.,2012, Dixit and Pindyck,
1994, Caballero, 1991, Zeira, 1990). Also, studies in this area, in both developed and
developing countries focus on industrial level. To the best of our knowledge, there has not
being any known empirical studies of the effect of exchange rate volatility on investment.

A number of empirical studies have confirmed a positive relationship between FEV and FDI.
For instance, using the ex-post facto research design, Obi (2017), investigated the impact of
FEV on FDI in Nigeria from 1999-2016. An estimation of partial coefficient using OLS showed
that FEV have a positive significant effect on foreign private investment in the Nigerian
economy. Another study conducted by Boahen and Evans (2014) in Ghana using Vector Error
Correction Model underscored the positive impact of FEV on FDI. The study advocated for
the implementation of policies that will stabilize the exchange rate and the interest rate. In
Kenya, Elly and Ojung’a (2015), used an annual secondary data from 1981-2010 to analyse the
relationship between FEV and FDI. The study showed a positive relationship between the two
variables and hence recommended a robust macroeconomic environment that will attract
foreign investors to increase the flow of FDI.

On the other hand, quite a significant number of empirical evidence has shown a negative
relationship between FEV and FDI. Using auto regressive distributed lag and multivariate error
correction method on a secondary time series dataset over a period of 1980 to 2010, Elahi (2011)
analyzed the impact of exchange rate volatility on FDI of the Pakistan economy. The finding
the study showed that FEV has a negative impact on FDI in the short run, hence underscored
the need for adjustment and liberalization programme in the short run for the Pakistan economy.
Ahza (2015), analysed the effect of FEV on FDI in South Asian Association for Regional
Cooperation (SAARC) countries using data from 1981 to 2013. The results from the
Generalised Methods of Moments showed a negative relationship between FEV and FDI.
Wang (2013), sought to investigate the relationship between FEV and FDI in Brazil, Russia,
India and China (BRIC) using data spanning from 1994-2012. Using a method developed by
Pesaran, Shin and Smith in 2001, the outcome of the study showed a negative long relationship
between FEV and FDI in China, Russia and India even though no connection between the
two variables were found in Brazil. To add to the above, Okwuchukwu, (2015), found a
negative relationship between the two variables both in the short and long run when he
investigated the impact of exchange rate volatility and stock market performance on the inflow
of FDI in Nigerian economy by employing a time series data from 1980-2013. He
recommended the adherence to sound exchange rate management, which has the tendency of
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increasing production at the domestic level.

Latiefand Lefen (2018) and Campa and Goldberg (1993) studied the linkage between exchange
rates, international trade and investment, emphasizing the role of producer exposure through
export sales and inputs of production. Latief and Lefen used the Generalized Autoregressive
Conditional Heteroscedasticity (GARCH) (1,1) and Threshold-Generalized Autoregressive
Conditional Heteroscedasticity (TGARCH) (1,1) whiles Campa and Godberg used two
estimates of exchange rate volatility that is (i) the ratio of the standard deviation to the mean
of the exchange rate index over the previous twelve quarters (ii) the standard deviation of the
first differences of the logarithm of the exchange rate over the twelve previous quarters. With
the use of two-stage least squares (2SLS) regressions, Campa and Goldberg found that the
influence of exchange rate and its volatility on investment in the United States were more
obvious in the 1980s than in the 1970s. The dollar had significant segregated effects on
industries in the 1980s. While the effects of the dollar on non-manufacturing industries was
vague, its depreciations (appreciations), decreased (increased) investment in the non-durables
manufacturing sector. Latief and Lefen (2018) have noted again that, exchange rate volatility
has significant impact on both international trade and FDI and that, exchange rate volatility can
potentially hurt international trade and FDI.

Maepa (2016); Jeanneret (2010); Zolghadr (2009); Campa and Goldberg, (1999) found a
negative relationship between exchange rate volatility and investment.

Also, Nucci and Pozzolo (2001) investigated the relationship between exchange rate
fluctuations and the investment decisions of a sample of Italian manufacturing firms. Using
firm-level panel data with Generalized Method of Moments (GMM), the findings support the
view that, exchange rate depreciation has a positive effect on investment through the revenue
channel, and a negative effect through the cost channel. However, there is variation of the
magnitude of these effects over time as the firm’s external orientation changes, which is
determined by the share of foreign sales over total sales and the reliance on imported input. In
addition, the results from the study further revealed that, the effect of exchange rate fluctuations
on investment is stronger for firms with low monopoly power, especially if such firms are
facing a high degree of competition from imported goods into the domestic market. Even more
so if such firms are small in size such that, the degree of substitutability between domestically
produced and imported inputs influences the effect through the expenditure side.

Further, Harchaoui et al. (2005) studied 22 Canadian manufacturing industries using industry-
level data so as to examine the relationship between real exchange rate and investment during
the period 1981-1997. The results revealed statistical significance of the overall effect of
exchange rates on total investment, and that non-uniform investment responses to exchange
rate movements in three channels. The result corroborated earlier results in Campa and
Goldberg (1999) which found that overall effect of the exchange rate on total investment was
statistically insignificant for Canadian manufacturing sector between 1981 and 1997. On the
flip side, they found that depreciations (appreciations) tend to have a positive (negative) impact
on investment when the exchange rate volatility is relatively low. The results highlighted the
importance of differentially investment response between a high and low exchange rate
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variability regime and that not only the level of the exchange rates but also the volatility matters
for the firm’s total investment decisions.

Ghana’s economy has implemented various exchange regime from fixed to the market-oriented
regime. However, for the past two decade, the country is implementing the Bretton Wood
market determined exchange rate policies, since the introduction of this policy framework, the
country’s exchange rate continues to be highly volatile, with evidence from World Bank
Development indicator data (2017).

Even though, Ghana has always experienced high level of exchange rate volatility, to the best
of our knowledge, there is no known empirical studies on the effect of such volatility on foreign
direct investment. Secondly, all known empirical studies in this area focus on industrial level.
The study therefore, seeks to answer the following questions: i. Does exchange rate volatility
affect volatility in foreign direct investment? ii. What other macroeconomic factors affect
volatility in foreign direct investment in the Ghanaian economy? The study will also inform
policy makers, especially monetary authorities, on factors to consider in policy formulation as
far as foreign direct investment is concerned.

The rest of the study is organised as follows. Section two presents a description of the
methodology and data for the study while section three presents the result and discussion of
the results. The final section provides the conclusion and some policy recommendations.

2. Methodology and Data
2.1 Econometric Model

To answer the research questions stated in this study, volatility model was employed. Test for
Autoregressive Conditional Heteroscedasticity (ARCH) effect in the time series data for
exchange rate and FDI was conducted. This was to determine if exchange rate in Ghana
exhibited time-varying volatility clustering, i.e. periods of swings were followed by periods of
relative calm.

ARCH model was first developed by Engle (1982) but was later generalized by Bollerslev
(1986). ARCH means that the variance of a process (FDI in Ghana) changes in a systematic
way over time.

In doing this, initial OLS regression was estimated to determine the impact of exchange rate
volatility on foreign direct investment of the form:

Yi=ayTax, e
Where; yt is foreign direct investment, x: is exchange rate while & is the disturbance term. It is

assumed that, conditional on the information available at time (t-1), the disturbance term is
distributed as

& N0+ Ag, )], € ~D(0.h)
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That is, ¢, is normally distributed with zero mean and

2
Var(e, ) = (5, +:B18H)
The variance equation can be restated as;

2
h, = o+to g,

The variance var( g ) [#, ], at any point in time, is said to be dependent on the squared

disturbance at time (t-1). This gives the appearance of serial correlation. The error variance
may depend not only on one lagged term of the squared error term but on several lagged
squared terms as follows.

2 2 2
h=otog +oag ,+...ta,g
If there is no autocorrelation in the error variance, we have

Ho= o, =a,=...=a,=0

In which case h; = wg, and we do not have the ARCH effect.

Due to the large persistence in volatility, the ARCH model often requires a large lagged length
to fit the data. It is more parsimonious to use the Generalize ARCH (GARCH) model proposed
by Bollerslev (1986). The conditional variance of a GARCH (p,q) is therefore given as:

P 2 q
h=w+ Zafgt—i + Z'tht—j
i=1 =

For the model to be well defined and the conditional variance positive, the parameters given
the following constraints is specified as:

®>0,07,20, i=L,...p, [ 20, forj=1,...q
! J

The variance of the error term is assumed to follow an ARMA (p,q)
2.2 Estimated Model

In this study, the GARCH (1, 1) model mean and variance equations are given in equation (1.1
and 1.2) respectively:

FDI =C, +G,INF +e, (1.1)

Where: FDI= foreign direct investment, INF = inflation, C1 = constant and e = residual term
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To arrive at the variance equation, residual derived from the mean equation (1.1) is used in
estimating the variance equation (1.2)

H =C,+C,H _ +C,’, +C,RER+C,GDP+C,TBR (12)

where: Ht = variance of residual (error term) derived from (1.1). It is also known as current or
present day’s variance or volatility in foreign direct investment (FDI), C3 = constant, He1 =

previous quarter residual variance or volatility of FDL. It is also known as GARCH term., e’

= previous quarter squared residual derived from equation (1.1). It is also known as previous
quarter FDI information about volatility; it is the ARCH effect, RER = real exchange rate, GDP
= Gross domestic product, TBR = Treasury Bill Rate (interest rate).

In this study, RER; GDP and TBR are exogenous or predetermined variables and are also
known as variance regressors as they can also contribute in the volatility of FDI (Ht) in equation
(1.2). This also means that, volatility in any of or all the exogenous variables (RER; GDP and
TBR) can contribute to volatility in FDI. Equation (1.2) is a GARCH (1, 1) model as it has one

ARCH (¢’,) and one GARCH term (Hz1). In other words, it refers to first order ARCH term
and first other GARCH term.

Thus, the aim is to model the volatility of FDI and exchange rate as well as other factors
(volatilities) affecting volatility in FDI.

3. Data

The data used for the study are all sourced from the Bank of Ghana, World Development
Indicator and Ghana Statistical Service from 1986 to 2017. The choice of this period is to
critically examine the volatility in foreign direct investment as the economy continues to
experience volatility in the exchange rate doing this period. The average exchange rate between
the Ghana Cedi and the US dollar was used as a measure of exchange rate. Before proceeding
with the estimation, the study dealt with a number of issues associated with data employed for
the study. We first examined the time series properties of the series used. For example, the
study used the Phillips-Perron unit root test and Augmented Dickey Fuller (ADF) test to check
for stochastic trend in a time series, sometimes called a “random walk with drift”. If the series
has a unit root, it will show a systematic pattern that is unpredictable.

4. Results and discussion

In this section, the study presents the results from the estimated empirical GARCH model. The
discussion of the results is also presented in this section.
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Table 1. Results of Phillips-Perron Unit Root Test of Series in Levels and First Difference

Unit root test in Levels Unit root test in first difference

variable  Adj. t-stat prob. Value variable Adj. t-stat Prob. Value
TBR -2.058351 0.2620 TBR -5.134973 0.0000
GDP 3.622894 1.0000 GDP -4.970898 0.0000
RER -1.526623 0.5175 RER -4.687915 0.0001
INFYON -3.642880 0.8670 INFYOY -10.01136 0.0000

FDI -1.170459 0.6864 FDI -5.863267 0.0000

Source: Estimated from Secondary dada, (1986-2017)

Table 1 shows the results from the unit root test conducted on the time series in the model.
From the results we reject the null hypothesis that the series in levels are integrated or have
unit root. However, after taking the first difference of the series, we reject the null hypothesis
that, the series in first difference are integrated or not stationary. This therefore suggests that,
the series are integrated of order one, in another word have unit root.
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Figure 1. Residual Graph of FDI

Source: Constructed from secondary data, (1986-2017)

In addition, the residual graph from FDI as shown in Figure 1, indicates periods of relative
volatility from 1975 to 1980. This is followed by relative calm from 1980 to 1984 and again
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followed by high volatility from 1984 to 1985. The trend continued with more prolonged
periods of relative calm than periods of volatility. This therefore shows the presence of
volatility clustering in FDI. This thus calls for fitting the data with a volatility model.

Table 2. Results of GARCH Model

Variable Coefficient Std. Error  z-Statistic Prob.

C 3.672997 0.468484 7.840177 0.0000
INFYOY 0.001959  0.000798 2.455852 0.0141

Variance equation

C 0.003327 0.00021 15.26847 0.0000
RESID(-1)"2 0.988854  0.109081 9.0653184 0.0000
GARCH(-1) -0.138308 0.052621 -2.628380 0.0045
RER -0.040759 0.001324 -30.78109 0.0000
RGDP -0.131810 0.022317 -5.906298 0.0000
TBR -0.026399 0.003552 -7.431461 0.0000
R-squared -0.526906  Mean dependent var 2.167835
Adjusted R-squared -0.537153  S.D. dependent var 2.797037
S.E. of regression  3.467822 Akaike info criterion 2.854322
Sum squared resid 1791.842 Schwarz criterion 3.014178
Log likelihood -207.5013  Hannan-Quinn criter. 2.919264

Durbin-Watson stat 0.015617

Source: Estimated from Secondary dada, (1986-2017)

Table 2 shows the results of the GARCH model. The results indicate that, the residual term
RESID (-1) "2 is significant. This is the ARCH term, which suggests that, previous quarter
information can influence current quarter volatility in foreign direct investment (FDI).

The GARCH (Ht1) is also significant at 5% and the coefficient is negative. This means that
bad news about previous quarter volatility (Ht1 in equation 1.2) have more impact on current
quarter volatility in FDI than good news of the same magnitude. This implies that, volatility in
FDI is influenced by its own ARCH and GARCH or own shocks. Again, the sum of the
coefficients of the ARCH and GARCH terms is close to unity (0.988854 + -0.138308
=0.850546). This means that the internal or own shocks of FDI have a long memory process.
It takes a long time before shocks to the variance (FDI) disappear.

Also, RER, RGDP and TBR are considered external factors, that is, factors not inherent in FDI.
All these factors are significant. This means that, these external shocks can influence volatility
in FDI. In other words, volatility in RER, RGDP and TBR can transmit or spillover to FDI.
This is consistent with Xiong and Han (2015): Latief and Lefen (2018).
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4.2 Residual Diagnostic Test

We first checked for serial correlation in the model using the correlogram of the residual
squared under the null hypothesis of no serial correlation.

Autocorrelation  Partial Correlation AC  PAC O-Stat Prob?

I I 1-0.009 -0.009 0.0611 0.805
I i 2 0.000 0.000 00613 0570
I 1l 3 0022 0022 04105 0933
| i 4 0030 0030 1.0415 0903
I I 5 -0.019 -0.018 1.2903 0936
a 6 0083 0083 62182 0399
i 7 0003 0003 62248 0514
|

& -0.038 -0.038 72626 0509

i
|
|
I\ I 9 -0.019 -0.022 75237 0583
i 1 10 0.096 0.091 14.109 0.168
I i 11 0.027 0033 14625 0.200
I i 12 -0.001 -0.005 14.626 0.263
I 13 -0.042 -0.048 15.399 0.255
! 14 0.016 0.015 16.078 0.309
i 15 -0.054 -0.049 18.188 0.253
I 16 -0.089 0107 23.956 0.090
I 17 -0.001 -0.008 23956 0121
| 18 0028 0038 24526 0139
i 19 -0.054 -0.034 26.665 0.113
i 20 0.035 0027 27567 0120
i 21 -0.027 -0.031 28.093 0138
i 22 0.015 0001 28.252 0167
I 23 -0.056 -0.051 30551 0134
i 24 0027 0009 31.098 0151

Figure 2. Graph of Serial Correlation test

Source: Constructed from secondary data, (1986-2017)

From Figure 2, the results indicate that the p-values of the correlogram of the squared residuals
are all above 5%. We therefore accept the null hypothesis that there is no serial correlation in
the model.

Secondly, we checked for ARCH effect in the model. We conduct the heteroscedasticity test
under the null hypothesis of no ARCH effect.
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Table 3. Results of ARCH Test

Heteroskedasticity Test: ARCH

F-statistic 0.0445847 Prob. F(1,347) 0.8330
Obs*R-squared 0.044799  Prob. Chi-Square(1) 0.8324
Test Equation:
Dependent Variable: RESID"2
Method: Least Squares
Date: 04/26/19  Time: 08:36
Sample (adjusted): 1986Q2 2017Q4
Included observations: 151 after adjustments
Variable Coefficient  Std. Error  t-Statistic Prob.
C 1.013887  0.176479  5,745075 0.0000

RESID"2(-1) -0.011328  0.053673 -0.211064. 0.8330
R-squared 0.870309 Mean dependent var 4.451817
Adjusted R-squared 0.869439 S.D. dependent var 6.584637
S.E. of regression 2.379246  Akaike info criterion 4.584600
Sum squared resid 843.4606 Schwarz criterion 4.624564
Log likelihood -344.1373 Hannan-Quinn criter. 4.600836
F-statistic 999.8847 Durbin-Watson stat 0.589253
Prob(F-statistic) 0.000000

Source: Estimation from Secondary dada, (1986-2017)

The results on Table 4 show that the p-value of the observed R-squared is 0.8324. Thus, this is
above 5% we therefore accept the null hypothesis that there is no ARCH effect in the model.

5. Concluding Remarks

The paper sought to determine if volatility in exchange rate and other macroeconomic factors
affect volatility in Foreign Direct Investment (FDI). The study therefore, employed GARCH
(1, 1) model using time series data from 1986-2017. A unit root test using Philip- Perron test
shows all the series in levels are integrated of order one. That is, the series have unit root. The
series were therefore differenced to make them stationary.

The results from the GARCH (1, 1) estimation show that, the ARCH term is significant at 1%.
The GARCH term was also significant with a P-value of 0.0045. The study also concludes that,
volatility in RER, RGDP and TBR can spillover to volatility in FDI in the Ghanaian economy.

We therefore recommend that, policy should be geared towards maintaining stability in the
forex market in addition to stability in interest rate and the RGDP. This, if well implemented
would have the effect of reducing if not eliminating volatility in FDI within the economy.
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