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The effect of macroeconomic variables on 
exchange rate: Evidence from Ghana
Samuel Antwi1, Mohammed Issah2*, Aboagyewaa Patience2 and Solomon Antwi2

Abstract:  The study examined the effect of macroeconomic variables on exchange 
rate in Ghana using a multivariate modeling technique of the Vector Autoregression 
(VAR) and focusing on impact of broad money supply (M2), lending rate, inflation and 
real GDP on exchange rate, for 76 quarterly observations period of 2000–2019, in 
Ghana and to examine their effectiveness in managing exchange rate in Ghana. The 
study used only secondary sources of data from Bank of Ghana, World Development 
Indicators and Ghana Statistical Service. It was found that, real GDP granger causes 
exchange rate in Ghana. However, inflation, money supply and lending rate do not 
granger cause exchange rate in Ghana but they affect exchange rate indirectly. It was 
recommended that a sound exchange rate policy should take into account some 
considerations. The bank of Ghana should try to reduce the lending rate and money 
supply in order to lower inflation to create rooms for more investors to produce more to 
increase the GDP produced in the country, in order to depreciate the foreign currency.

Subjects: Monetary Economics; Microeconomics; Public Finance; Corporate Finance; 
Investment & Securities  

Keywords: macroeconomic variables; exchange rate; vector autoregression (VAR); broad 
money supply (M2); lending rate; inflation; real GDP
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1. Introduction
Ghana after the introduction of the first cedi to replace the pounds sterling, experienced high 
inflation which devalued the cedi, and it was gradually phased out in 2007 in favor of the “cedi” at 
an exchange rate of 1:10,000. The new Ghana cedi was initially pegged to the British pound but 
was later devalued to a rate less than the value of the cedi. High inflation affected the cedi again, 
so it was re-pegged but inflation continued to eat away at the cedi’s value on the black market. 
The free float of the cedi against foreign currencies was introduced but inflation continued to set in 
and a transition to the third cedi was initiated which did not affect coins and bank accounts.

Another confiscation took place when the highest denomination was demonetized. This con-
fiscation was publicly announced as a means to create a disincentive for the flourishing black 
market. Although currency confiscations have the effect of reducing the available cash in the 
economy, and thereby slowing the rate of inflation. Ghanaian society had begun to lose its faith in 
its own currency. In 2014, the inflation rose rapidly as the value of the third cedi fell to a fourth of 
its original value. The fall was ended in the last quarter of 2014 as the currency stabilized due to 
a pending International Monetary Fund (IMF) bailout of Ghana.

The primary objectives of Bank of Ghana are “to pursue sound monetary and financial policies 
aimed at price stability so as to create an enabling macroeconomic environment for the promotion 
of sustainable economic growth” (Ghanaian chronicle, 2017). Various instruments have been used 
to achieve this Price Stability goal even though inflation continues to be a hindrance to economic 
growth in the country. Ghanaian cedi has devalued against the foreign currencies; this is due to 
changes in exchange rate. There are several factors that can cause a rampant change in exchange 
rate; meanwhile this work is focused on the macroeconomic factors that affect exchange rate 
movement in Ghana. This will help to address the problem of exchange rate volatility in Ghana. 
This work seeks to analyze the effect of macroeconomic variables on exchange rate in Ghana, and 
will investigate the effect of money supply, gross domestic product, inflation and interest rate on 
exchange rate in Ghana.

Exchange rate plays an imperative role in international trade of the country. The exchange rate 
is an important macroeconomic variable used as parameter for determining international compe-
titiveness and indicates the global position of economy of the country. In international trade, 
a country’s exchange rate could be used as the barometer of its international competitiveness. 
Consequently, volatility in exchange rate has serious far-reaching consequences for policymakers, 
investors, firms and consumers (Adusie & Gyampong, 2007).

Most Ghanaians especially entrepreneurs have shown major concern on the volatility of the 
exchange rate between the Ghana cedi and the international currencies especially the dollar. The 
flexible rating system adopted by Ghana is largely determined by market mechanism, i.e. use of 
forces of demand and supply. Ghana has been experienced the floating exchange rate regime 
since the year 1988. Modern analyst argued that flexible exchange rate is preferable to fixed 
exchange rates because flexible exchange rates offer many advantages, i.e. adjustment of Balance 
of payment, Better performance, Better liquidity, Gains from free trade, Independence of policy etc. 
However, exchange rate policy is still a source of exasperating and appropriate choice is by no 
means clear. Economists do not provide clearly answers whether a country should allow its 
currency to float.

As Tomiwa (2018) showed in the study on the impact of real interest rate on real exchange rate: 
empirical evidence from japan. The paper examined the impact of real interest rate on the real 
exchange rate using Two Stage Least Square econometric technique. The two instruments used 
were money supply and gross domestic product growth rate. While first stage model was con-
trolled for with trade and inflation rate, only the trade figure went into the structural model. This 
was because inflation became insignificant in the structural model. The result provides support for 
the theoretical and some empirical evidences of positive relationship between real interest rate 
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and real exchange rate in Japan. The estimation also shows that there is positive relation between 
trade and Japanese Yen over the period considered in the study. This is plausible as the health of 
the Japanese economy largely depends on its export values.

Laryea (2016) did a research on exchange rates and the economic recovery programme (ERP). 
The goal of the economic recovery programme was to restore the exchange rate to its original 
value and boost economic activity in Ghana. From the results of the study, the economic recovery 
programme had the greatest impact on Ghana’s exchange rate in Ghana and this shows that the 
reforms still have substantial effects on the performance of exchange rates in Ghana. Hence, the 
null hypothesis was rejected because the findings prove that the general monetary model holds 
for exchange rate determination in Ghana. This highlights clearly the benefits of the switch from 
a fixed exchange rate to a floating exchange rate and the degree of monetary and fiscal discipline 
which it affords the government of a particular country.

Alagidede and Muazu (2016) conducted a study on the analysis of the causes of real exchange 
rate volatility and its effect on economic growth in Ghana, exploiting techniques from the time 
series literature, their results revealed that in the short run output is the main driver of exchange 
rate fluctuations in Ghana. In the long run, however, exchange rate volatility is significantly 
influenced by government expenditure growth, money supply, terms of trade shocks, FDI flows 
and domestic output movements.

Bawumia and Abradu-Otoo (2003) did a research on the relationship between monetary growth, 
exchange rates and inflation in Ghana using co-integration and an error-correction mechanism. 
The empirical results confirm the existence of a long-run equilibrium relationship between infla-
tion, money supply, the exchange rate, and real income. They used econometric analysis specifi-
cally co-integration and error-correction techniques and depicted that there is a long-run 
equilibrium relationship between inflation, money supply, the exchange rate, and real income. 
They found that exchange rate on the other hand responds immediately to changes in the money 
supply.

Bawumia et al. (2003) conducted a study on an investigation of the monetary transmission 
mechanism in Ghana. The study adopted a Structural Vector Error Correction (S-VEC) analysis for 
the periods of 1969:4 to 2002:4 and M2+ money supply as a shock variable. They found evidence of 
the monetary policy instruments having effects on inflation and output in the long run. The study 
also showed that the exchange rate channel remains the main medium through which monetary 
policy acts in Ghana.

Owusu-Afriyie and Mumuni (2004) conducted a research on a simple monetary model for 
exchange rate determination in Ghana and co-integration analysis was employed to empirically 
investigate the principal factors driving the Cedi/Dollar rate of exchange. The basic model was 
augmented with political variables to examine any potential impact on the exchange rate. The 
empirical results corroborate the model, with the effect that macroeconomic fundamentals play 
an important role in the cedi-dollar rate dynamics. Similarly, speculation based on recent past 
behavior of the Cedi/Dollar (to extrapolate the future behavior of the rate) is crucial. However, 
while the political variable is correctly signed, it is not significant at conventional levels of 
significance.

Antwi et al. (2014) conducted a study on Influential Factors of Exchange Rate Behaviour in 
Ghana: A Co-Integration Analysis. The principal objective of this study was to investigate the 
possible determinants of exchange rates in Ghana using the techniques of co-integration and 
error-correction modeling. The study revealed that two major factors were responsible for the 
upward surge in the exchange rates, namely the government expenditure and the past history of 
the exchange rates. Secondly, it was discovered that long-run relationships tie the exchange rates 
to the CPI, nominal GDP, domestic credit, government expenditure and imports.
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The key factor of the paper is to examine the effect of macroeconomic variables on exchange 
rate in Ghana by the evaluation of exchange rate on the fundamental macroeconomic indicators 
of the economy. Four main factors have been identified to measure the effect on exchange rate, 
i.e. broad money supply (M2), lending rate, inflation and real GDP.

We submit that the current study is important for the following reasons. Exchange rate plays an 
important role to develop the economy of the country. Exchange rate stability achieved through 
stable macroeconomic variables gives credibility to the economy of a country to local and foreign 
trade partners. Fluctuations in exchange rates may have a direct influence on trade balance, price 
stability and financial stability (Ozkan & Erden, 2015). The findings of the study support the 
literature and provide fresh insights into the relationship between exchange rate and macroeco-
nomic fundamentals which will assist central banks including the Bank of Ghana to monitor the 
effect of these macroeconomic variables on exchange rate. The study will assist Policy makers to 
get deeper understanding of the relation between macroeconomic variables exchange rate pro-
vides in budgeting for the various sectors of the economy and also to ensure its (the economy’s) 
efficient performance.

2. Methodology

2.1. Data collection and sources
The study made use of only secondary sources of data. Secondary data span from 2000 to 2019 
consisting of 76 quarterly observations on broad money supply, real GDP, inflation rate, and 
lending rate. The exchange rate data on broad money supply, real GDP, inflation rate, and lending 
rate were obtained from Bank of Ghana. The real GDP data in Ghana was obtained from Ghana 
Statistical Service (GSS).

2.2. Model specification
To assess how effective macroeconomic variables’ affect exchange rate regime, the study adopted 
the Vector autoregressions (VAR) model used by Sims (1980). A univariate autoregression is 
a single-equation, single-variable linear model in which the current value of a variable is explained 
by its own-lagged values. A VAR is a n-equation, n-variable linear model in which each variable is in 
turn explained by its own-lagged values, plus current and past values of the remaining n-1 
variables. This simple framework provides a systematic way to capture rich dynamics in multiple 
time series, and the statistical toolkit that comes with VARs are easy to use and interpret. As Sims 
(1980) and others argued in a series of influential early papers, VARs held out the promise of 
providing a coherent and credible approach to data description, forecasting, structural inference 
and policy analysis.

The model is stated as follows in its functional form;

EXRATE = f (RGDP, INF, M2, LRATE),

RGDP = f (EXRATE, INF, M2, LRATE)

Where: Inflation Rate (INF), Broad Money Supply (M2), Real Lending Rate (LRATE), Real Gross 
Domestic Product (GDP) and USD Exchange Rate (EXRATE).

The models are transformed into econometric form as follows:

EXRATE = Βo + β1RGDP + β2INF + β3M2 + β4LRATE + Ut

RGDP = Βo + β1EXRATE + β2INF + β3M2 + β4LRATE + Ut
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All variables are as defined, the βs represents the coefficients of estimations and Ut represents 
the error term. E-views software was used as the econometric software to analyze the data.

2.3. Description of variables and expected signs

2.3.1. Gross domestic product
Real Gross Domestic Product is used as a proxy for output of the economy which is calculated by 
the constant price in 2005. The reason why real GDP is used instead of nominal output is that the 
latter one is not adjusted by price level which experiences dramatic fluctuation during time and 
hence, it does not reflect a true movement of output. After been adjusted by the price level (CPI), 
the real GDP gives a better performance for output change. For purpose of this study, data for real 
GDP for the period 1980–2012 has been considered and the symbol ‘RGDP‘ was used. (Mankiw, 
2006). There is a negative relationship between GDP and exchange rate; An increase in GDP will 
decrease exchange rate (Dilmaghanti & Tehranchian, 2015; Muchiri, 2017). This study therefore 
expects β1 to be negative, β1 < 0.

2.3.2. Inflation rate
There are several measures of inflation such as GDP deflator and CPI but the Ghana Statistical 
Service uses CPI as a main inflation measure. The Consumer Price Index (CPI) is therefore used in 
this study to measure inflation as used by (Mankiw, 2006). Empirical studies such as Dilmaghanti 
and Tehranchian (2015) and Nduri (2013) confirm a positive relationship between inflation and 
Exchange rate. This study therefore expects β2 to be positive, β2 > 0.

2.3.3. Money supply
Money supply was represented by ‘M2’in the models used for this study. (Mankiw, 2006). 
Theoretically Keynes had explained that when money supply increases interest rate falls, invest-
ment increases and exchange rate increases. Empirical studies such as Eichengreen (2004) and 
Muchiri (2017) confirm a strong positive impact of money supply on exchange rate. This study 
therefore expects β3 to be positive, β3 > 0.

2.3.4. The real lending rate or interest rate
Lower interest rate encourages investments and therefore enhances growth of the economy. The 
rise in interest rate serves as a disincentive to investment. The fall in investment reduces economic 
growth. Recent cross-country, studies which found interest rate affecting economic growth nega-
tively include: Nduri (2013) and Muchiri (2017). This study expects a negative relationship between 
real GDP and interest rate. β4 < 0.

2.3.5. Exchange rate
The nominal exchange rate measures the value of one currency in terms of another the spot rate is 
particularly useful because it is directly observable thus making it possible to compare the prices of 
goods. A problem that arises with the spot rate however is that it fails to indicate a change in the 
strength of a home currency with respect to the home country’s trading partners (other than the 
United States of America). The spot rate also fails to indicate the effect of acquiring foreign goods 
and services on the exchange rate itself (Appleyard et al., 2006).

3. Results and discusion

3.1. Descriptive analysis
This section examines the distribution of the data using mean, median and standard deviation. The 
normality of distribution of the variables was also ascertained using skewness, kurtosis and 
Jacque-Bera tests. The results are presented in Table 1.

The descriptive statistics as evidenced in Table 1 reveals the broad money supply (M2) as having 
a larger standard deviation of 23,546.80 among all the indexed variables, which indicates a high 
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volatility in broad money supply. The mean-to-median ratio of each variable is approximately 1. 
The range of variation between maximum and minimum values is quite logical. The standard 
deviation in comparison with the mean is low for all the variables which indicate small coefficient 
of variation.

The skewness for RGDP, INF and LRATE reveals approximate normality of these variables; 
however, M2 indicate distribution of long left tails. EXRATE shows a distribution of long right tail. 
The kurtosis of normal distribution is 3, but the distribution of RGDP, LRATE and M2 are platykurtic 
(flat) relative to normality. INF indicates a normal distribution whilst EXRATE indicates a leptokurtic 
(peaked) distribution relative to the normal.

The Jacque-Bera statistics also indicate that the distribution of all the variables during the 
sample period have long left and right tails and flat than normal distribution. On the whole the 
Jacque-Bera test of the variables does not conform to the normal distribution but displays 
negative, positive and flat distributions. These results are however, based on the null hypothesis 
of normality and provide no information for the non-parametric distribution of the series.

3.2. Trend analysis

3.2.1. Time series graphical analysis for the variables in the Ghanaian money market
The trend of the selected variables under study were taken to assess how they have related in the 
period for the study. The results are shown in Figures 1 and 2.

The graph reveals that, as money supply and inflation increase, real GDP and lending rate also 
decreases and exchange rate increases: an increase in money supply by Bank of Ghana has helped 
to increase inflation which has affected exchange rate to increase. From the graph, the rate of 
increasing real GDP is very low as compared to the rate of increasing money supply; due to this, 
there is less investment, innovations, exports but more imports in Ghana. This has affected the 
lending rate to decreased slightly from 37.50% in January, 2000 to 31.33%. The high lending rate 
(31.33%) in Ghana and the low output (GDP) have affected the exchange rate to increase; due to 
this, there is less investment, innovation, exports but more imports. This has caused the exchange 
rate to appreciate (increase) and that is why inflation in Ghana is too high.

On differencing the series once, they tended to fluctuate around their mean suggesting that 
they became stationary. That is, they tended to exhibit similar behavior on differencing. This is 

Table 1. Summary of descriptive statistics
EXRATE GDP INF LRATE M2

Mean 2.020203 88,591.29 16.04728 30.69456 21,303.92

Median 1.429300 65,382.81 14.70000 28.50000 10,222.33

Maximum 5.387700 257,771.0 33.60000 47.75000 69,999.80

Minimum 0.338300 18,705.10 8.400000 24.08000 492.9000

Std. Dev. 1.453681 68,477.34 6.660209 6.041895 23,546.80

Skewness 0.915742 1.256422 1.029806 1.357850 1.010221

Kurtosis 2.349020 3.517661 3.209066 4.319613 2.580213

Jarque-Bera 37.62367 65.54928 42.67856 90.78417 42.40662

Probability 0.000000 0.000000 0.000000 0.000000 0.000000

Sum 482.8285 21,173,318 3835.300 7336.000 5,091,638.

Sum Sq. Dev. 502.9386 1.12E+12 10,557.30 8688.070 1.32E+11

Observations 239 239 239 239 239

Source: Author’s Estimation, 2019. 
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depicted in Figure 2. According to Stigler and Sherwin (1985), unrelated variables might have high 
correlation coefficient using the levels but on differencing, they exhibited low correlation coeffi-
cient. However, two related nonstationary variables tended to have high correlation coefficient 
both in levels and first differences. The real GDP, inflation, the exchange rates, the lending rate and 
broad money supply exhibited similar movement in first differences as shown in Figure 1 above.

3.3. Stationarity test
The time series property of each variable is examined using the Philip-Perron test for the unit root. 
Once the variables are stationary, the results generated would not be spurious. The results are 
found in Table 2.

From Table 2, when each variable is examined through level, the calculated PP statistics reject 
the null hypothesis since the P value is more than 5%; that is, the p value for PP—Fisher Chi-square 
is 0.9992. This means that the variables in the VAR model is not stationary. The variables were 
differenced to inquire if stationarity can be achieved. The results are presented (Table 3).

From Table 3, when each variable is examined through first difference, the calculated PP 
statistics accepted the null hypothesis that there is unit root at 5% significant levels when 
compared with the relative critical values; that is, P value for PP—Fisher Chi-square is 0.0000. 
This means that the variables in the VAR model are stationary. The null hypothesis of the presence 
of a unit root is rejected since the p values for the various macroeconomic variables are less than 
5% at first difference. This paves the way for the study to estimate the VAR model.

3.4. Stability and reliability of the optimal lag VAR model
It is essential to determine the optimal lag length of the model before estimating a VAR model. 
The AIC was used in selecting the number of lags and it proposed three lags. In the regressions of 
the base and the extended models, three (3) lags were used as maximum number of lags due to 
the limited number of observations. The results for checking the optimal lag lengths for the VAR 
model are presented in Table 4 below.

Figure 1. Graphs of Variables 
from Ghana Money Market in 
Log Levels.

Source: Authors’ construction, 
2019. 
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The inverse roots of the AR characteristics polynomials that lie within the unit circle indicated that 
there was no problem in terms of stability of three-lag VAR model for the base model and stability of lag- 
one for RGDP and INF models. Moreover, the reliability of the model whose lag length was determined to 
be three (3) was also confirmed on the basis of the 0.05 significance level found in three diagnostic tests: 

Table 2. Philip-Perron unit root test at level
Method t-statistics Prob.*
Augmented Dickey-Fuller test 
statistic

1.455446 0.9992

Test critical values: 1% level −3.457984

5% level −2.873596

10% level −2.573270

*MacKinnon (1996) one-sided p values. 
**Probabilities for Fisher tests are computed using an asymptotic Chi-square distribution. All other tests assume 
asymptotic normality. 

Table 3. Philip-Perron unit root test at 1st difference
Method t-statistics Prob.*
Augmented Dickey-Fuller test 
statistic

−6.832797 0.0000

Test critical values: 1% level −3.457984

5% level −2.873596

10% level −2.573270

*MacKinnon (1996) one-sided p values. 
**Probabilities for Fisher tests are computed using an asymptotic Chi-square distribution. All other test assumes 
asymptotic normality. 

Figure 2. Graphs of Differenced 
Series of Variables in the 
Ghanaian Money Market.

Source: Authors’ construction, 
2019. 
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namely, the Breusch-Godfrey (Serial Correlation), L.M. White (Heteroscedasticity) and Multivariate nor-
mality of the VAR Residuals for all the models (see Appendix 2).

3.5. Analysis of the base VAR models
The original VAR regression results are provided in the Appendix. From the VAR regression results, the 
granger causality tests, impulse response functions, and forecast error variance decompositions 
estimates are derived and presented accordingly by beginning with the base VAR model. Vector 
autoregression is used extensively in econometric analysis because they are easy to specify and 
estimate; however, if the process is stationary or involves nonstationary cointegrated variables, it is 
usually difficult to interpret the VAR coefficients directly (Lütkepohl & Saikkonen, 1997). Therefore, 
granger causality test, impulse response analysis and forecast error variance decomposition are the 
alternative approaches proposed which help in understanding the relation among variables of the VAR 
system. According to STOCK and WATSON (2001), granger-causality tests, impulse responses and 
forecast error variance decompositions are more informative to understanding the relationships 
among the variables than the VAR regression coefficients or R2 statistics.

3.6. Granger causality/block exogeneity test: the base mode
The granger causality test is taken for the base model to find out if lagged values of broad money 
supply, lending rate, credit to private sector ratio and exchange rate contain any information that 
could predict real output, and inflation. The test result is accessible in Table 5

The Granger causality test results in Table 6 show that real GDP granger cause exchange rate at 
the 5% significance level. Money supply, lending rate and inflation do not granger cause exchange 
rate. The implication is that, past values of money supply, lending rate and inflation cannot be 
used to forecast the present value of exchange rate.

Real Gross Domestic Product (RGDP) has a significant effect on exchange rate. The implication is 
that; real GDP can be used to forecast the present value of exchange rate. However, money supply 
has a significant effect on real gross domestic product (RGDP). The implication is that past values 
of money supply can be used to forecast the present value of real gross domestic product (RGDP). 
Monetary theory suggests that an increase in the money supply leads to an increase in the price 
level and a potential increase in real GDP.

3.7. Impulse responses for the base model for exchange rate
To buttress the information adduced in the granger causality test, a confirmation and direction 
was sought by looking at the impulse responses for the overall effect of money supply, lending 

Table 4. VAR model optimal lag lengths check
Lag LogL LR FPE AIC SC HQ
0 −6445.918 NA 9.21e+18 57.85576 57.93216 57.88660

1 −4229.373 4313.813 2.68e+10 38.20065 38.65902 38.38569

2 −4136.741 176.1256 1.46e+10 37.59409 38.43442* 37.93333*

3 −4109.408 50.74268 1.43e+10* 37.57317* 38.79547 38.06661

4 −4085.955 42.48914 1.45e+10 37.58704 39.19132 38.23468

5 −4076.498 16.70859 1.68e+10 37.72644 39.71269 38.52828

6 −4052.712 40.95924 1.70e+10 37.73733 40.10554 38.69336

7 −4038.025 24.63301 1.88e+10 37.82982 40.58000 38.94005

8 −4012.031 42.42838* 1.87e+10 37.82091 40.95306 39.08534

Note: * Indicates lag order selected by the criterion; LR: sequential modified LR test statistic (each test at 5% level); 
FPE: Final Prediction Error; AIC: Akaike Information Criterion; SC: Schwarz Information Criterion; HQ: Hannan-Quinn 
Information Criterion. 
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rate, real GDP and inflation rate on exchange rate. The results are shown in Figure 3. The dotted 
lines representing ±2 standard error confidence intervals and on horizons given 10-year periods.

A positive shock to real GDP leads to a negative response of exchange rate which is persistent 
and thus last throughout the tenth year as shown in Figure 4. This confirms the result obtained in 
the granger causality test. Theoretically Keynes had explained that when money supply increases 
interest rate falls, investment increases and real GDP increases. Empirical studies such as 
Dilmaghanti and Tehranchian (2015) and Muchiri (2017) confirm a negative relationship between 
GDP and Exchange rate. The study accepts the alternative hypothesis that real GDP has 
a significant impact on exchange rate. The combined Wald Test of the significance of real GDP 
having effect on exchange rate has been confirmed at 5% level of significance with a p value of 
0.0000. [See Appendix 3.]

A one standard deviation inflation shock on exchange rate results in a positive impact that is 
transitory and last throughout for ten years.

This inconsistency vis-à-vis the response of inflation to exchange rate, as explained above, could 
be attributed to such other factors as instability in the nominal interest rate. This also confirm the 
result from granger causality test. Empirical studies such as Dilmaghanti and Tehranchian (2015) 
and Nduri (2013) confirm a positive relationship between inflation and Exchange rate (Figure 5).

A one standard deviation money supply shock on exchange rate results in a positive impact that 
is transitory and last throughout for ten years. Empirical studies such as Eichengreen (2004) and 
Muchiri (2017) confirm a positive relationship between money supply and Exchange rate (Figure 6).

Table 5. Granger causality Wald test result for the base model
Dependent 
Variables

Independent Variables

M2 LRATE INF RGDP
EXRATE 0.1296 0.5370 0.4214 0.0252

RGDP 0.0014 0.2052 0.5916 0.0252

Entries are p values for the X2 Test. 
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Figure 3. Responses of Real GDP 
to Exchange Rate.
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A one standard deviation lending rate shock on exchange rate results in a negative impact that 
is transitory and last throughout for ten years. Empirical studies such as Nduri (2013) and Muchiri 
(2017) confirm a negative relationship between lending rate and Exchange rate.

3.8. Forecast error variance decomposition: the base model
The Cholesky Forecast Error Variance Decomposition (FEVD) helps determine a shock of fluctua-
tions in a variable caused by shocks on other variables. The variance decomposition is calculated 
for the third, sixth and the tenth years. The outcome is shown in Table 7.

The variance decomposition demonstrates that inflation rate shocks are a very important 
source of fluctuations in exchange rate, accounting for 10.70120% % shocks in exchange rate 
in the longer horizon of ten years, followed by lending rate accounting for 1.841566% shocks in 
exchange rate in the longer horizon of ten years. Real GDP is the next source of fluctuations in 
exchange rate, accounting for 1.019731% shocks in exchange rate in the longer horizon of ten 

Figure 4. Responses of Inflation 
to Exchange Rate.

Figure 5. Responses of Money 
Supply to Exchange Rate.
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years. Money supply is the last source of fluctuations in exchange rate, accounting for 
0.548307% shocks in exchange rate in the longer horizon of ten years.

3.9. Hypothesis test result of the VAR base model for Ghana
The hypothesis tested was that macroeconomic variables impact exchange rate in Ghana. The 
joint Wald Test of the significance of the previous values of real GDP, inflation and money supply 
having effect on exchange rate have been confirmed at 5% level of significance of real GDP, 
inflation and money supply with a p value of 0.0000% on exchange rate, but the past values of 
lending rate could not help predict the current level of exchange rate with a p value of 0.3164%.

4. Conclusion
(1) The results indicate that GDP in Ghana is low and as a result, has caused the exchange rate 

in Ghana to increase. To this effect, Ghanaian policymakers need to implement a set of 
policies geared towards improving investment efficiency and bolstering consumption.

(2) The Bank of Ghana should loosen its credit ceilings to support credit expansion for economic 
growth as done in other countries. This will result in a more rapid expansion in credit which 
can lead to somewhat more rapid real GDP growth.

(3) The interest rate (lending rate) should be more liberalized so that it can reflect the supply 
and demand of the money market better. Interest rate should be controlled in a more 
responsive way to catch up with inflation rate as well as to mitigate bad effects on the 
economy.

(4) The Bank of Ghana should continue enticing reputable foreign banks, especially Asia 
Banks, into the Ghanaian market with a view to importing banking expertise, increasing 
competition and efficiency of bank operations and lowering interest rate spreads among 
commercial banks. In the medium term, this is capable of enforcing the deepening of 
financial intermediation which will be crucial to strengthening the interest rate and bank 
lending channel.

4.1. Practical limitations of the study and suggestions for future research
In undertaking a study of this kind, a number of caveats need to be taken into account while 
interpreting the results. The first weakness has to do with the VAR technique employed in this 
study. Most often than not, econometric techniques employed in analyzing level relationships 

Figure 6. Responses of Lending 
Rate to Exchange Rate.
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among variables may be replete with limitations for policy recommendations. The results from 
these techniques may be divergent from the many theoretical underpinnings of level relationships. 
The implication is that their interpretations may be misleading. Moreover, even if the results are in 
tangency with theoretical foundations, the fact that different econometric software report differ-
ent critical values depending on the sample size employed may lead to the failure of rejection of 
a null hypothesis, even if they are untrue.

These limitations offer important guidelines and suggestions for future research purposes. For 
example, further studies could be undertaken on a longer horizon time scale if supportive data is 
available. In this case more lags can be applied to have a conspicuous picture of the response of 
macroeconomic variables to exchange rate shocks.

Again, the study was devoid of any exogenous variable and as such other exogenous variables such 
as FDI, unproductive government spending and balance of payment may be considered in the model.

Moreover, a different shock variable (M2 was used in this study) such as M2+ could be used as 
a measure of exchange rate shock and as part of a different variable mix in addition to the 
government consumption.
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Appendices

Appendix 1: OPTIMAL LAG LENGTH CHECKS FOR THE VAR MODEL

Appendix 2. AUTOCORRELATION, HETEROSKEDASTICITY, NORMALITY AND AR ROOTS TESTS

Table A3. VAR Residual Portmanteau Test for Autocorrelations
LAGS Q-Stat Prob.* Adj Q-Stat Prob.* Df
1 6.404757 - 6.432128 - -

2 42.23563 - 42.57056 - -

3 80.24143 0.0000 81.06781 0.0000 25

Table A1. Optimal lag length checks for the Basic VAR Model for Ghana
Lag LogL LR FPE AIC SC HQ
0 −6445.918 NA 9.21e+18 57.85576 57.93216 57.88660

1 −4229.373 4313.813 2.68e+10 38.20065 38.65902 38.38569

2 −4136.741 176.1256 1.46e+10 37.59409 38.43442* 37.93333*

3 −4109.408 50.74268 1.43e+10* 37.57317* 38.79547 38.06661

4 −4085.955 42.48914 1.45e+10 37.58704 39.19132 38.23468

5 −4076.498 16.70859 1.68e+10 37.72644 39.71269 38.52828

6 −4052.712 40.95924 1.70e+10 37.73733 40.10554 38.69336

7 −4038.025 24.63301 1.88e+10 37.82982 40.58000 38.94005

8 −4012.031 42.42838* 1.87e+10 37.82091 40.95306 39.08534

Table A2. VAR Residual correlation LM TEST
LAG LRE*stat Df Prob. Rao F-stat Df Prob.
1 45.83280 25 0.0067 1.859338 (25, 800 2) 0.0067

2 39.96351 25 0.0294 1.615331 (25, 800 2) 0.0294

3 26.35797 25 0.0068 1.861258 (25, 800 2) 0.0058
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HETEROSKEDASTICITY TESTS

VAR NORMALITY TESTS

Table A4. VAR Residual Heteroskedasticity Test for the Base VAR Model
Chi-sq Df Prob.
1700.510 975 0.0000

Table A5. VAR Residual Normality Test for Skewness
Component Skewness Chi-sq. Df Prob.*
1 −1.983104 154.0308 1 0.0000

2 −0.922503 33.33132 1 0.0000

3 1.192652 55.71138 1 0.0000

4 −0.608540 14.50425 1 0.0000

5 0.445216 7.763516 1 0.0000

Joint 265.3413 5 0.0000

Table A7. VAR Residual Normality Test for Jarque-Bera
Component Jarque-Bera Df Prob.*
1 13,395.03 2 0.0000

2 729.3597 2 0.0000

3 6081.673 2 0.0000

4 1995.702 2 0.0000

5 250.7703 2 0.0000

Joint 22,452.53 10 0.0000

Table A6. VAR Residual Normality Test for Kurtosis
Component Kurtosis Chi-sq. Df Prob.*
1 39.77325 13,240.99 1 0.0000

2 11.43112 696.0284 1 0.0000

3 27.80761 6025.962 1 0.0000

4 17.22445 1981.198 1 0.0000

5 7.981738 243.0067 1 0.0000

Joint 22,187.19 5 0.0000
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ROOTS OF CHARACTERISTIC POLYNOMIAL

Appendix 3.
Wald Test on Significance of Var Coefficients for Ghana

Appendix 4. VAR MODEL REGRESSION RESULTS

Table A9. Regression Result for the Base VAR Model for Ghana Standard Errors in () and 
t-Statistics []

EXRATE REAL GDP INF LRATE M2
EXRATE(−1) 0.694759 −1001.026 1.399110 0.323173 −3089.342

(0.07192) (1510.16) (1.17043) (0.90635) (471.428)

[9.65998] [−0.66286] [1.19539] [0.35657] [−6.55316]

EXRATE(−2) 0.256712 568.3950 −0.745730 −0.579314 3321.162

(0.07131) (1497.41) (1.16054) (0.89869) (467.446)

[3.59975] [0.37959] [−0.64257] [−0.64462] [7.10491]

GDP (−1) −2.03E-06 1.548155 2.54E-05 −3.48E-05 0.015659

(2.6E-06) (0.05484) (4.3E-05) (3.3E-05) (0.01712)

[−0.77751] [28.2316] [0.59672] [−1.05605] [0.91471]

GDP (−2) 1.67E-06 −0.562697 −2.69E-05 2.72E-05 −0.020288

(2.6E-06) (0.05384) (4.2E-05) (3.2E-05) (0.01681)

[0.64945] [−10.4503] [−0.64430] [0.84268] [−1.20700]

INF(−1) 0.003942 86.96611 1.232994 0.048491 −8.545733

(0.00437) (91.7781) (0.07113) (0.05508) (28.6504)

[0.90180] [0.94757] [17.3341] [0.88033] [−0.29828]

INF(−2) −0.001095 −61.24295 −0.326806 −0.009076 14.67819

(0.00444) (93.3163) (0.07232) (0.05601) (29.1306)

[−0.24645] [−0.65629] [−4.51870] [−0.16205] [0.50388]

LRATE (−1) 0.001844 39.50291 −0.143997 1.089592 23.65822

(0.00528) (110.786) (0.08586) (0.06649) (34.5840)

[0.34959] [0.35657] [−1.67706] [16.3873] [0.68408]

LRATE (−2) −0.004689 −11.45261 0.211420 −0.134821 −33.22102

(0.00527) (110.670) (0.08577) (0.06642) (34.5478)

[−0.88958] [−0.10348] [2.46489] [−2.02982] [−0.96160]

M2(−1) −1.28E-05 0.369006 1.06E-05 2.35E-05 1.251555

(1.1E-05) (0.22053) (0.00017) (0.00013) (0.06884)

[−1.21502] [1.67330] [0.06186] [0.17741] [18.1802]

(Continued)

Table A8. VAR Lag Exclusion Wald Tests Chi-squared test statistics for lag exclusion: Numbers 
in () are p values

EXRATE REAL GDP INF LRATE M2 JOINT
LAG 1 112.0850 

(0.0000)
825.1736 
(0.0000)

305.1790 
(0.0000)

280.7324 
(0.0000)

346.0911 
(0.0000)

-

LAG 2 28.48776 
(0.0000)

114.8687 
(0.0000)

26.07136 
(0.0001)

5.897121 
(0.3164)

53.66849 
(0.0000)

-

Df 5 5 5 5 5 25
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Table A9. (Continued) 

EXRATE REAL GDP INF LRATE M2
M2 (−2) 1.78E-05 −0.283719 −5.57E-05 1.63E-05 −0.246550

(1.1E-05) (0.22394) (0.00017) (0.00013) (0.06991)

[1.66439] [−1.26693] [−0.32090] [0.12099] [−3.52678]

C 0.099321 −579.4157 −0.915731 1.067291 302.8658

(0.04123) (865.750) (0.67098) (0.51959) (270.261)

[2.40887] [−0.66926] [−1.36476] [2.05409] [1.12064]

R-squared 0.996716 0.999353 0.958475 0.969973 0.999464

Adj. R-squared 0.996569 0.999325 0.956621 0.968632 0.999441

Sum sq. resids 1.624577 7.16E+08 430.2415 257.9978 69,799,970

S.E. equation 0.085162 1788.185 1.385901 1.073208 558.2177

F-statistic 6798.036 34,623.01 517.0311 723.5926 41,803.94

Log likelihood 251.0341 −2087.722 −404.5100 −344.4210 −1814.134

Akaike AIC −2.042844 17.86147 3.536255 3.024860 15.53305

Schwarz SC −1.880906 18.02341 3.698193 3.186798 15.69499

Mean 
dependent

2.044015 89,253.21 15.95234 30.62766 21,643.89

S.D. dependent 1.453933 68,806.15 6.654144 6.059591 23,600.47

Determinant resid covariance (dof adj.) 1.23E+10

Determinant resid covariance 9.69E+09

Log likelihood −4369.056

Akaike information criterion 37.65154

Schwarz criterion 38.46123

Number of coefficients 55
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