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Abstract  

The study was directed to determine if there are volatility transmissions among both the foreign exchanges and stock 

exchanges of Ghana, Nigeria and South Africa and individual countries’ foreign and stock exchanges using 

Generalized ARCH model.Generalized Autoregressive Conditional Heteroskedasticity (GARCH) is a statistical 

model used in analyzing time-series data where the variance error is believed to be seriously auto correlated. 

GARCH models assume that the variance of the error term follows an autoregressive moving average 

process.GARCH is a statistical modeling technique used to help predict the volatility of returns on financial assets 

The fitted GARCH models fitted are: 

6.95E-06 + 0,501944 RESID(-1)^2 + 0.701504 GARCH(-1) + 8.01E-05 LN__USD – NGN + 7.14E-05 

LN_RAND_USD 

1.18E-05 + 0,283857 RESID(-1)^2 + 0.634334 GARCH(-1) – 0.000238 LN_GHS_USD – 0.000161 

LN_RAND_USD 

2.27E-06 + 0,069782 RESID(-1)^2 + 0.904453 GARCH(-1) + 0.000284 LN_GHS_USD –0.000154 LN_NGN_USD. 

The models show that there are volatility transmissions among the Nigeria, Ghana and South Africa stock and 

foreign exchanges, volatility transmission is present in each country’s stock and foreign exchange and the time 

series data for each considered stock and foreign exchanges are is stationary at level 1 and difference 1. It is 

recommended that Generalized Autoregressive Conditional Heteroskedasticity (GARCH) should be used in 

modeling of the volatility of exchange rate on stock indices. 

Key words: Generalized Autoregressive Conditional Heteroskedasticity (GARCH),modeling, volatility, exchange 

rate, stock indices. 

Introduction 

 

1.1 Background of the study 

The association between exchange rate and the stock returns in a mutualistic one with its composition into 

international financial markets. Stock returns are mostly introduced as the present value of the cash flow in link to 

certain organizations and enterprises that are in working economy. 

 

According to (Kim, 2003), Inter-temporal relation between returns in stock exchange rates is now of significant 

interest to economists for different reasons, as both provide hugely towards affecting the level of economic 

development in a nation. The increasing capital motion and international commerce have made exchange rate a core 

equity price and business propriety determinant (Kim 2003). The unsteadiness of foreign exchange often depict to a 

significant extent a delicate part in the choice that investors will make as regards grabbing investment chances and 

this has mainly proven that a rejection in foreign exchange rate normally result to losing investments (Muriu, 2003). 

Many personal investments and blending into the international money markets has been attainable due to the 

initiating and extending stock markets in African countries in recent years. (Balparda, Caporale& Gil-Alana, 2015). 
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One of the basic criteria required to allow free commerce between diverse currencies in an economic community is 

that one currency must be estimated in terms of the other. According to (Howells & Bain, 2007), direct exchange 

rate is the amount of home currency needed to purchase a unit of foreign currency while indirect exchange rate is the 

amount of foreign currency. Exchange rate is the price of a single currency tendered against the other (Mishkin& 

Eakins, 2009). Exchange rate can either be fixed or floating and it is usually decided by mechanism of market 

demand and supply. 

 

According to (Lothian & Taylor, 1997), before the year 1972, nations in the universe functioned on a stable rate 

system where every country’s currency is estimated in terms of dollar.The importance of exchange rate is due to its 

incessant modification pertinent to demand and supply of foreign exchange in a particular economy. Its motion 

indicates exterior trauma and disparity which does not affect movement in reserves and does not require the central 

bank involvement to curb the procedure of correction. By the adoption of bent exchange rate system, currency 

pricing is therefore an outcome of forces of demand and supply of the foreign exchange market (Ndungu, 2001). 

The profit an investor accrues over a speculated period time is referred to as stock market return. This case is 

intimately related to the stock prices. The capability of a market to efficiently take in a fresh knowledge as regards 

stock prices. Therefore, rendering the correctness and steadiness of the firm’s stock price ascertain its strength 

(Mwangi&Mwiti, 2015 output). The investment and output level of an industry can be studied by stock market 

returns in as much as it can be used to forecast future discount rates and cash flows. Stock return is the profit or 

deficit of the worth of a share in a specific period often estimated as a percentage. Its constituents are capital gains 

and any incoming income accepted by the investor from the stock (Mugambi&Okech, 2016). 

 

Stock market returns play the role of an index to investors or government in deciding which the investment choice 

is. According to (Wang, 2012), investors with various financial strength have the ability to carry out investments in 

the stock market in as much as they can get an income that is more than their cost of capital. Stock marketing index 

is majorly used to estimate stock performance. Stock market liquidation which refers to the facilities with which 

securities can be acquired by the investors, turnover ratio which is used to make comparison of the business costs 

levels, the market liquidity rating and All share index which depicts the production and the stock market state, and 

capitalization from which stock market is estimated (Daferighe& Sunday,2012). 

 

1.2 Statement of the Problem 

There are number of reasons to believe that foreign exchange rates should be a contributing factor in determining the 

stock market returns. Significant value of a nation’s capital is tied up in the stock market and investors’ wealth is at 

stake depending on how the market performs.  

 

The lack of consensus among the various scholars on the associations between foreign exchange rates and the 

returns of the stock market is reason enough to carry out further examination on the area of study. This paper will 

seek to identify how foreign exchange rates relate to stock market returns at the considered stock exchanges. It will 

attempt to give an explanation to the research question, what is the relationship between foreign exchange rates and 

stock market returns at Ghana, Nigeria, and South Africa respectively. 

 

1.3 Aim and objectives of the Study 

The general aim of this work is to fit a GARCH model of volatility of exchange rate on stock index. 

The objectives are as follows; 

1. To examine if there are volatility transmissions among the Ghana, Nigeria, and south africa foreign exchanges. 

2. To determine if there are volatility transmissions among the Ghana, Nigeria, and South Africa stock exchanges. 

3. To evaluate if there are volatility transmission between foreign exchange and stock exchange of each market. 
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1.4 Significance of the study 

Lauterbach and Benita (2004) maintained that exchange rates fluctuations are associated with economic costs which 

influence inflation, profitability of the firm and economic stability. Internationalization of capital markets has led to 

greater flows of money between market exchanges and in the cross-listing of firms. The appreciation of a currency 

reduces its ability to compete for exports; thereby hurting the domestic stock market.  

 

1.5 Scope of the study 

The study is based on exchange rate on stock index of Ghana, Nigeria and south Africa from the year 2011 to 2019. 

 

1.6 Research questions 

.1. Are there volatility transmissions among the Ghana, Nigeria, and south africa foreign exchanges? 

2. is there volatility transmission between the among the Ghana, Nigeria, and south africa stock exchanges.? 

3. Is there volatility transmission between foreign exchange and stock exchange of each market? 

 

1.7 Research hypothesis 

              H0: Thereare volatility transmissions among the Ghana, Nigeria, and south africa stock  

exchanges. 

             H1: There is  no volatility transmissions  among Ghana, Nigeria, and south africa 

stock exchanges. 

             H0: Thereare volatility transmissions Ghana, Nigeria, and south africa stock exchanges. 

             H1: There is at least one volatility transmissions between the 3 foreign exchanges 

             H0: There isvolatility transmission between foreign exchange and stock exchange of                                                                   

each market. 

             H1: There is at least one volatility transmission between foreign exchange and stock       

exchange of each market. 

1.8 Definition of terms 

1.  Volatility: a quantification of the degree of uncertainty about the future price or value of a commodity, share or 

other financial product. 

2.  Foreign exchange: foreign currency or current short-term credit instruments payable in such currency 

 

3.  Stock exchange: a place where security trading is conducted on an organized system. 

4.  Stock returns: This is the amount accrued over an exchange within a period of time.: 

5.  Variance: an amount of difference or change. 

6.Heteroskedasticity: The property of a series of random variables of not every variable having the same finite 

variance. 

 

2.0 Empirical Review  

There are numerous empirical studies both locally and internationally to support the associations between exchange 

rates and stock market returns, but these studies have produced mixed results. Several empirical works have been 

done since the seminar paper of Engel (1982) on volatility modeling, especially in finance, even though a number of 

theoretical issue are still unresolved (see Franses and McAleer, 2002). However, Anders (2006) believes that 

previous research on the effects of error distribution assumptions on the variance forecasting performance of 

GARCH family models is scarce. Some of the work on volatility modeling estimate a particular GARCH model 

with one or two error distributions, while some applied a particular error distribution to few ARCH family models to 

either establish the best forecasting model for conditional variance, the best fitted volatility model or confirm the 

ability of the models to capture stylized fact inherent in high frequency financial time series. As a background to this 

study, Appendix 1 summarizes a selection of the literature by foreign authors on the applicability of GARCH family 

models on different innovation assumptions. To the knowledge of this study, research on the contribution of error 

assumptions on volatility modeling in Nigeria is extremely minimal. Available literatures tend to capture the 

asymmetric properties of financial data without recourse to error distributions. Jayasuriya (2002) examines the effect 
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of stock market liberalization on stock return volatility using Nigeria and fourteen other emerging market data, from 

December 1984 to March 2000 to estimate asymmetric GARCH model. The study inferred that positive (negative) 

changes in prices have been followed by negative (positive) changes. The Nigerian session of the result tilted more 

to business cycle of behaviour of return series than volatility clustering. Ogum et al.(2005) apply the Nigeria and 

Kenya stock data on EGARCH model to capture the emerging market volatility. The result of the study differed 

from Jayasuriya (2002). Though volatility persistence is evidenced in both market; volatility responds more to 

negative shocks in the Nigeria market and the reverse is the case for Kenya market. Dallah and Ade (2010) examine 

the volatility of daily stock returns of Nigerian insurance stocks using twenty six insurance companies’ daily data 

from December 15, 2000 to June 9 of 2008 as training data set and from June 10 2008 to September 9 2008 as out-

of-sample dataset. The result of ARCH (1), GARCH (1, 1) TARCH (1, 1) and EGARCH (1, 1) shows that 

EGARCH is more suitable in modelling stock price returns as it outperforms the other models in model evaluation 

and out-of-sample forecast. Okpara and Nwezeaku (2009) randomly selected forty one companies from the Nigerian 

Stock Exchange to examine the effect of the idiosyncratic risk and beta risk on returns using data from 1996 to 2005. 

By applying EGARCH (1, 3) model, the result shows less volatility persistence and establishes the existence of 

leverage effect in the Nigeria stock market, implying that bad news drives volatility more than good news. 

 

2.1 Conceptual Framework  

The conceptual framework gives a portrayal of how the factors identified are related to each other. The factors 

characterized here are stock market returns and foreign exchange rates. The independent variable is exchange rate as 

measured by the countries’ foreign exchanges respectively. ARMA models are used to model the conditional 

expectation of a process given the past, but in an ARMA model the conditional variance given the past is constant. 

What does this mean for, say, modeling stock returns? Suppose we have noticed that recent daily returns have been 

unusually volatile. We might expect that tomorrow’s return is also more variable than usual. However, an ARMA 

model cannot capture this type of behavior because its conditional variance is constant. So we need better time series 

models if we want to model the inconsistent volatility. In this chapter we look at GARCH time series models that are 

becoming widely used in econometrics and finance because they have randomly varying volatility. 

ARCH is an acronym meaning Autoregressive Conditional Heteroscedasticity. In ARCH models the conditional 

variance has a structure very similar to the structure of the conditional expectation in an AR model. We first study 

the ARCH(1) model, which is the simplest GARCH model and similar to an AR(1) model. Then we look at 

ARCH(p) models that are analogous to AR(p) models. Finally, we look at GARCH (Generalized ARCH) models 

that model conditional variances much as the conditional expectation is modeled by an ARMA model. 

 

3.0 Methodology 

3.1 Introduction 
This section focuses on the methods and procedure adopted for the conduct of this study. It also explains the study 

area, type and source of data, statistical tool used and its assumptions; model development, including the approaches 

used in view of this study.  

3.2 Study Area 

The longitudinal study was focused on the Nigeria stock and foreign exchange, Ghana stock and foreign exchange 

and South Africa stock and foreign exchange for the period of 9 years from 2011-2019. 

3.3 Type and Source of Data 

Secondary data was used for the longitudinal study. It consists of past or existing information which was sourced out 

from NBS covering the period of 9 years from 2011-2019. 

 

3.4 Variables Descriptions 
The variables used for this longitudinal study are categorized into dependent and independent variables. The 

dependent variables and independent variables are interchanged intermittently at each model. The dependent 

variables at each model are Nigeria stock exchange which is predicted or determined by Nigerian foreign index and 

Ghana and south Africa foreign exchanges being the variance regressors, Ghana stock exchange which is predicted 

or determined by Ghana foreign index and  Nigeria and south Africa foreign exchanges being the variance 
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regressors, and South Africa stock exchange which is predicted or determined by south Africa foreign index and 

Nigeria and Ghana foreign exchanges being the variance regressors.  

 

3.5 Statistical Tool Used and Statistical Package 
The statistical tool adopted for the analysis of this study includes;  

Statistical Packages used for the analysis of this study include; Ms Excel (for collection of time series data), and e 

views for analysis of GARCH modeling analysis. 

 

4.0 Data Analysis and Result Interpretation 

4.1    Descriptive Statistics 
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Fig. 1 

It is noted that the distribution of the Ghana stock exchange index presents  kurtosis excess compared to a normal 

distribution. The value of 8.127169 for kurtosis in the distribution of the Ghana stock exchange index s during the 

observed period confirms the presence of fat tails in the distribution. The leptokurtic distribution for the Ghana stock 

exchange index shows that there are high returns more frequently than expected.  We apply a stationarity test to the 

index series. 
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Fig. 2 

It is noted that the distribution of the Ghana stock exchange index presents kurtosis excess compared to a normal 

distribution. The value of 41.56656 for kurtosis in the distribution of the Ghana stock exchange index s during the 
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observed period confirms the presence of fat tails in the distribution. The leptokurtic distribution for the Ghana stock 

exchange index shows that there are high returns more frequently than expected.  We apply a stationarity test to the 

index series.  
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 Fig 3 
It is noted that the distribution of the Nigeria stock exchange index presents kurtosis excess compared to a normal 

distribution. The value of 8.448085 for kurtosis in the distribution of the Ghana stock exchange index s during the 

observed period confirms the presence of fat tails in the distribution. The leptokurtic distribution for the Nigeria 

stock exchange index shows that there are high returns more frequently than expected.  We apply a stationarity test 

to the index series and the results. 

 

Objective 1 and Conclusion 

From fig it is visible that there is increment and decrement overtime in the stock three index time plot which depicts 

that clustering volatility. Therefore, we fail to reject H0 and conclude that there is volatility transmission among   

Ghana, Nigeria, and South Africa stock exchanges.  

 

Objective 2 and Conclusion 

From fig 7, fig. 9 and fig. 11, it is visible that there is increment and decrement overtime in the stock three index 

time plot which depicts that clustering volatility. Therefore, we fail to reject H0 and conclude that there is volatility 

transmission among   Ghana, Nigeria, and South Africa foreign exchanges.  

 

Objective 3 and Conclusion 
From fig it is visible that there is increment and decrement overtime in the stock three index time plot which depicts 

that clustering volatility. Therefore, we fail to reject H0 and conclude that there is volatility transmission among  

between Ghana stock and foreign exchanges, Nigeria stock and foreign exchanges, and South Africa stock and 

foreign exchanges.  

 

4.2Stationarity Test 

Table 1 LN GHS USD 

          
   t-Statistic   Prob.* 

          
Augmented Dickey-Fuller test statistic -29.03274  0.0000 

Test critical values: 1% level -3.433276  

  5% level -2.862719  

     
  10% level -2.567444  
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Based on the evidence from the data with regards to the result presented in Table 1 we can reject the null hypothesis 

of a unit root (i.e. not stationary) at 5% level of significance. This is because the probability value (i.e. P = .000) is 

less than the specified level of significance (i.e. α = 5%) and this allows us to state that for none of the intervals in 

which the result is evaluated, the series presents no unit root, therefore it is stationary. 

Table 2 LN NGN USD 

          
   t-Statistic   Prob.* 

          
Augmented Dickey-Fuller test statistic -19.22534  0.0000 

Test critical values: 1% level -3.433299  

     

  5% level -2.862729  

     
  10% level -2.567449  

Based on the evidence from the data with regards to the result presented in Table 2, we can reject the null hypothesis 

of a unit root (i.e. not stationary) at 5% level of significance. This is because the probability value (i.e. P = .000) is 

less than the specified level of significance (i.e. α = 5%) and this allows us to state that for none of the intervals in 

which the result is evaluated, the series presents no unit root, therefore it is stationary. 

 

Table 3 LN RAND USD 

          
   t-Statistic   Prob.* 

          
Augmented Dickey-Fuller test statistic -20.33658  0.0000 

Test critical values: 1% level -3.433297  

     

  5% level -2.862728  

     
  10% level -2.567449  

Based on the evidence from the data with regards to the result presented in Table 3, we can reject the null hypothesis 

of a unit root (i.e. not stationary) at 5% level of significance. This is because the probability value (i.e. P = .000) is 

less than the specified level of significance (i.e. α = 5%) and this allows us to state that for none of the intervals in 

which the result is evaluated, the series presents no unit root, therefore it is stationary. 

4.3Fitting Garch Model 

In a market economy, the stock exchange of a country is dependent on its foreign exchange. To fit a GARCH model 

for the time series data.The  stock exchange index is the dependent variable and the foreign exchange index  is the 

independent variable in which the variance regreesors are the foreign exchange imdex of the other countries 

considered. 

Ghana Stock Ecxhange 

GARCH = C(3) + C(4)*RESID(-1)^2 + C(5)*GARCH(-1) + C(6) 

        *LN_NGN_USD + C(7)*LN_RAND_USD  

     
     Variable Coefficient Std. Error z-Statistic Prob.   

     
     C -0.000224 8.30E-05 -2.695726 0.0070 

LN_GHS_USD -0.000202 0.018675 -0.010842 0.9913 

     
      Variance Equation   

     
     C 6.95E-06 3.14E-06 2.215975 0.0267 

RESID(-1)^2 0.501944 0.222025 2.260756 0.0238 

GARCH(-1) 0.701504 0.036827 19.04843 0.0000 
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LN_NGN_USD 8.01E-05 0.000113 0.711324 0.4769 

LN_RAND_USD -7.14E-05 0.000138 -0.518084 0.6044 

     
     T-DIST. DOF 2.366631 0.192958 12.26501 0.0000 

6.95E-06 + 0,501944 RESID(-1)^2 + 0.701504 GARCH(-1) + 8.01E-05 LN__USD – NGN + 7.14E-05 

LN_RAND_USD 

NIGERIA STOCK EXCHANGE 

GARCH = C(3) + C(4)*RESID(-1)^2 + C(5)*GARCH(-1) + C(6) 

        *LN_GHS_USD + C(7)*LN_RAND_USD  

     
     Variable Coefficient Std. Error z-Statistic Prob.   

     
     C 0.000333 0.000156 2.139857 0.0324 

LN_NGN_USD 0.030708 0.025554 1.201656 0.2295 

     
      Variance Equation   

     
     C 1.18E-05 2.25E-06 5.253800 0.0000 

RESID(-1)^2 0.283857 0.045555 6.231136 0.0000 

GARCH(-1) 0.634334 0.040146 15.80053 0.0000 

LN_GHS_USD -0.000238 0.000379 -0.629099 0.5293 

LN_RAND_USD -0.000161 0.000182 -0.887294 0.3749 

     
     T-DIST. DOF 4.056111 0.424155 9.562814 0.0000 

     

     

1.18E-05 + 0,283857 RESID(-1)^2 + 0.634334 GARCH(-1) – 0.000238 LN_GHS_USD – 0.000161 

 

SOUTH AFRICA STOCK EXCHANGE 

 

GARCH = C(3) + C(4)*RESID(-1)^2 + C(5)*GARCH(-1) + C(6) 

        *LN_GHS_USD + C(7)*LN_NGN_USD  

     
     Variable Coefficient Std. Error z-Statistic Prob.   

     
     C -0.000528 0.000185 -2.859156 0.0042 

LN_RAND_USD -0.153895 0.017066 -9.017476 0.0000 

     
      Variance Equation   

     
     C 2.47E-06 7.29E-07 3.380937 0.0007 

RESID(-1)^2 0.069782 0.013373 5.217942 0.0000 

GARCH(-1) 0.904453 0.017284 52.32910 0.0000 

LN_GHS_USD 0.000284 0.000154 1.841551 0.0655 

LN_NGN_USD -0.000154 0.000183 -0.842917 0.3993 

     
     T-DIST. DOF 11.46490 2.710895 4.229195 0.0000 

     
 

2.27E-06 + 0,069782 RESID(-1)^2 + 0.904453 GARCH(-1) + 0.000284 LN_GHS_USD –0.000154 

LN_NGN_USD 
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For Ghana, Nigeria and South Africa stock exchanges forecast respectively. 

 

4.4    Discussion of findings 

From the analysis of the time series data, below is the summary of findings; 

1. From the time plot, the trend of the stock exchange time series data tends to increase and decrease intermittently 

for the considered period (2011-2019). Therefore, indicating that there are volatility transmissions among the Ghana, 

Nigeria, and south Africa foreign exchanges. 

2. From the time plot, the trend of the foreign exchange time series data tends to increase and decrease intermittently 

for the considered period (2011-2019). Therefore, indicating that  there are volatility transmissions among the 

Ghana, Nigeria, and South Africa stock exchanges. 

3. From the time plot, the trend of the foreign exchange and stock exchange of the  time series data tends to increase 

and decrease intermittently for the considered period (2011-2019). Therefore, there are volatility transmissions 

between foreign exchange and stock exchange of each market. 

4.  The data makes the time series data is stationary level 1 and difference 1 by Augmented        Dickey Fuller test 

statistics 

5. The fitted GARCH models are 

6.95E-06 + 0,501944 RESID(-1)^2 + 0.701504 GARCH(-1) + 8.01E-05 LN__USD – NGN + 7.14E-05 

LN_RAND_USD 

1.18E-05 + 0,283857 RESID(-1)^2 + 0.634334 GARCH(-1) – 0.000238 LN_GHS_USD – 0.000161 

LN_RAND_USD 

2.27E-06 + 0,069782 RESID(-1)^2 + 0.904453 GARCH(-1) + 0.000284 LN_GHS_USD –0.000154 

LN_NGN_USD 

5.0 Summary of Findings 

From the analysis of the time series work, below is the summary of findings; 

On each hypothesis according to the objectives and aim is that there are volatility transmissions among the Nigeria, 

Ghana and South Africa stock and foreign exchanges, volatility transmission is present in each country’s stock and 

foreign exchange and the time series data for each considered stock and foreign exchanges are is stationary at level 1 

and difference 1. 

5.1Conclusion 

The study was directed to determine if there are volatility transmissions among both the foreign exchanges and stock 

exchanges of Ghana, Nigeria and South Africa and individual countries’ foreign and stock exchanges. 

 

5.2    Recommendations 

Based on the conclusions, it can be recommended that; 

1. Each country should constantly pay attention to the trend of the current series in order to curb the volatility 

transmission that is likely to exist in the data. 

2. Financial instructors should be always at hand in order to decide what best to do by the country. 
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