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Abstract 

In this paper, an investigation has been done to analyse if the interest rate and the exchange rate 

Granger cause the stock market return in Kenya. The method used in this study is a vector 

autoregressive model analysis. The three-month treasury bill rate, the exchange rate KES/USD 

(in the first difference) and the stock market return (the first difference of the logarithm of the 

stock market price NSE 20) are the variables which are used in the VAR model. The data is 

from 1998Q1 to 2018Q4. Results from the Granger causality test show that neither the interest 

rate nor the exchange rate Granger cause the stock market return in Kenya. The results indicate 

also that the two variables do not improve the prediction of the stock market return because the 

forecast from the univariate autoregressive (AR) model is better than the forecasts from the 

different VAR models. 
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1. Introduction 

The Kenyan financial market is one of the first financial markets which have emerged in Africa. 

At the dawn of independence in 1963, the stock market slumped due to uncertainty on the future 

of independent Kenya (Nyasha and Odhiambo, 2014). The market was dominated by domestic 

institutional investors like banks, insurance firms, pensions firms and local private investors. 

However, the market becomes more and more interesting for foreign investors in the recent 

years. That is why a good understanding of the relationship between the stock market return 

and the exchange rate on the first hand, and the relationship between the interest rate and the 

stock market return on the other hand is crucial for both local and international investors.  

The motivation of this paper is to check if the exchange rate and interest rate Granger cause the 

stock market return in Kenya. The period of the study is from 1998Q1 to 2018Q4. This study 

will answer to the following research question which can arise from an investor: Can the 

exchange rate and the interest rate improve the forecast of the stock market return? 

To answer to the research question, three VAR models will be estimated: a bivariate VAR 

model including the stock market return and the interest rate, a bivariate VAR model including 

the stock market return and the exchange rate and a multivariate VAR model including the three 

variables (stock market return, interest rate and the exchange rate). After will follow the analysis 

of the results from Granger Causality test and from impulse response function. A recursive out-

of-sample forecast from AR model will be compared with the forecasts from the different VAR 

models in order to find which model predicts best the stock market return. 

To reach that goal, the Kenyan market data during a period of 21 years (1998Q1 to 2018Q4) 

will be used. The three financial variables which will be used are:  

- The NSE 20 index which is the standing benchmark index for equities traded on Kenya´s 

Nairobi Stock Exchange 

- The exchange rate Kenya shilling/US dollar (KES/USD) 

- The short-term interest rate (3 months or 90 days) for the Treasury bills. 

Note that the Nairobi securities exchange (NSE) is the only stock market in Kenya. The 

challenges forced by the development of that stock market in Kenya are a lack of awareness, 

low investor confidence, the insufficiency of competitive pressure and the vulnerability to 

shocks (Nyasha and Odhiambo, 2014).  
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Analysing different previous studies, the two financial variables (the exchange rate and the 

interest rate) have an impact on the stock market price. Investigating the relationship between 

the interest rate and the stock price in fifteen developed and developing countries which are 

Australia, Canada, Germany, Italy, Japan, South Africa, Spain, Bangladesh, Chile, Colombia, 

Jamaica, Malaysia, Mexico, Philippines and Venezuela, Uddin and Alam (2009) show that the 

interest rate has significant negative relationship with share price for all the countries. 

Investigating the relationship between the stock market price and the exchange rate, previous 

studies show different results. Ndako (2013) finds no Granger causality between exchange rates 

and stock market prices in Kenya, but Alagidege, Panagiodis and Zhang (2008) find that the 

exchange rate Granger causes the stock prices in Canada, Switzerland and the UK. These 

previous studies (and many others presented in the section 3) give us an inspiration to include 

the two variables (exchange rate and interest rate) in our study to see if they can affect the 

forecast of the stock market return. 

As highlighted before, this paper will show if there is a Granger causality between the stock 

market return and the exchange rate, but also between the stock market return and the interest 

rate. The recursive out-of-sample forecast which will be used in this paper will start from 

2010Q1. The root mean square error (RMSE) and the mean absolute value (MAE) will be used 

for the forecast evaluation. The Diebold-Mariano test is used to check the significance between 

different forecasts. The three forms of the efficient market hypothesis theory will be also 

discussed. Our results confirm the “random walk” theory of the efficient market hypothesis. 

The choice of writing this thesis on Kenya is guided by proven interest in the analysis of a 

financial market for a Sub-Saharan African country, and because of the availability of the data. 

There is also less research in this area in these countries, at least compared to developed 

countries. The hope is that this paper will be a contribution to better understand the African 

financial market. 

The rest of the thesis is structured in seven sections. In the second section, which is about theory, 

the efficient market hypothesis (EMH) will be mentioned. Section 3 will concern previous 

studies done in Kenya and in other countries. Section 4 will talk about the empirical 

methodology. In section 5, data analysis will be done: graphs, Augmented Dickey Fuller test 

and Kwiatkowski-Phillips-Schmidt-Shin test will be presented. The results of this work are 

presented in section 6, and in section 7, the findings will be discussed. Finally, the conclusion 

is presented in section 8. 
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2. Theory 

This section is devoted to the efficient market hypothesis theory. A market is efficient when the 

stock market prices reflect all available information. The efficient market hypothesis is 

associated with the idea of “a random walk” (Malkiel, 2003). Considering this logic of random 

walk idea, “tomorrow´s price change will reflect tomorrow´s news” (Malkiel, 2003). By 

definition, news is unpredictable, so the price will be unpredictable and random (Malkiel, 

2003). But according to the same article, the concept of unpredictability is criticised. “Many 

financial economists and statisticians began to believe that stock prices are at least partially 

predictable” (Malkiel, 2003). 

There are three forms of the efficient market hypothesis: 

Weak form efficiency: In this case, the past price is reflected in the current price. The past price 

does not help to predict the future price.  

Semi-strong form efficiency: The semi-strong form efficiency states that the past of the price 

and all other public information are reflected in the current market price. In this study, this form 

of efficiency would correspond to the price of the NSE 20 including information on the 

exchange rate and the interest rate (in the vector autoregressive model). Public information 

includes also more things like financial reports and other financial information. The efficient 

market hypothesis predicts that stocks prices will reflect all publicly available information 

(Mishkin and Eakins, 2006). “Thus, if information is already publicly available, a positive 

announcement about a company will not, on average, raise the price of its stock because this 

information is already reflected in the stock price” (Mishkin and Eakins, 2006). 

Strong form efficiency: In this case, all information, inclusive public and private (insider 

information) information are reflected in the current market price. This stronger view of market 

efficiency has several important implications (Mishkin and Eakins, 2006). It implies for 

example that security prices can help financial and non-financial managers to make correct 

decisions (Mishkin and Eakins, 2006). However, the models used in this paper should not be 

able to generate the results based on this hypothesis because all public and private information 

are not used in the VAR models. According to Read (2013), a strong form of market efficiency 

is only a limited case because there may be insider trading or institutional constraint that prevent 

this form from being realized. 
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Is the Kenyan financial market efficient? If the Kenyan financial market is efficient, it is either 

a weak form or a semi strong form of the efficient market hypothesis. This statement will be 

verified as follows: First a forecast evaluation between a univariate AR(1) model and the 

univariate model at lag zero AR(0) of the stock market return will be used to check if the market 

is weakly efficient. In the other hand, if there is no confirmed correlation in the univariate 

model, a forecast evaluation between the trivariate VAR(1) and the AR(0) will be used to check 

the semi strong efficiency.  
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3. Previous studies 

There are many studies (both new and old) showing the relationship between the exchange rate 

and the stock market price both in developed countries and in developing countries. However, 

studies dealing with all the three variables (stock market price, exchange rates and interest rates) 

at the same time are rare. Those previous studies are relevant because some of their conclusions 

will be compared to our results. We can also see that those previous studies show that the 

relationship between the two financial variables (exchange rate and interest rate) and the stock 

market price varies across the countries. In this paper, some previous studies in emerging and 

developed countries will be mentioned. 

Tsoukalas, Miranda and Batori (2010) examined the relationship between the exchange rate 

and the stock market index in some European countries. The data used was a daily data for 

exchange rate and stock market index return for the Czech Republic, Denmark, Hungary, 

Poland, Romania, Sweden and United Kingdom. The series were from 1999 to 2009 for all 

countries except for Denmark whose data was from 2000 and 2009, and Sweden whose data 

was from 2001 to 2009. The authors employed cointegration analysis, vector error correction 

and vector autoregressive modelling to examine the effect of the exchange rate on the stock 

market index for that group of European countries. The results were not consistent across the 

countries. The results from Granger Causality test showed that exchange rate caused changes 

in the stock market and the stock market caused changes in the exchange rate for the Czech 

Republic, Hungary and Poland. For Denmark, the results of Granger Causality test showed that 

the exchange rates caused changes in the index price, but the index price did not cause changes 

in the exchange rate. For Romania and Sweden, the authors found that the exchange rate did 

not cause changes in index price, but the index price caused changes in the exchange rate. They 

found that the exchange rate and index price did not influence each other in the United 

Kingdom. Using a data from January 1992 to December 2005, Alagidege, Panagiodis and 

Zhang (2008) investigated the Granger causal linkage between stock markets and foreign 

exchange rates in Australia, Canada, Switzerland and UK. Using cointegration test, their 

findings showed Granger causality from exchange rates to stock prices for Canada, Switzerland 

and the UK. They also found a weak Granger causality in the other direction for Switzerland. 

Ndako (2013) investigated the relationship between the stock prices and the exchange rates in 

five Sub-Saharan-African financial markets: Ghana, Kenya, Mauritius, Nigeria and South 

Africa. Weekly data from January 14, 2000 to December 31, 2009 is used. The results from the 
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VAR model were that the Granger causality test demonstrated unidirectional causality from 

exchange rates to stock prices for Nigeria. For Ghana and Mauritius, the Granger causality test 

suggested the causality from stock prices to exchange rates. They found no Granger causality 

between stock prices and exchange rates for Kenya and South Africa. 

Abdalla and Murinde (1997) studied the interactions between the exchange rate and the stock 

price in emerging financial markets like in India, Korea, Pakistan and the Philippines. They 

used a bivariate vector autoregressive model with help of monthly observations from January 

1985 to July 1994. Their results showed unidirectional Granger causality from exchange rates 

in all the sample countries, except the Philippines (where the stock price Granger causes 

exchange rates). Khalad (2017) examined the effects of the interest rate and the exchange rate 

on the stock market performance of Pakistan with a cointegration approach. The data used was 

the annual data from 1990 to 2017. The results showed that at short term, an impulse to the 

interest rate could cause 1.28% fluctuation on stock market. An impulse to the exchange rate 

could cause 1.33% fluctuation in market capitalization. Uddin and Alam (2010) studied the 

impacts of interest rate on stock market in Dhaka. Their study used monthly data from 1994 to 

2005. Using a regression analysis, their findings showed a significant negative relationship 

between the interest rate and the stock market. 

What this paper differs with the previous studies is that three variables are used in the same 

study. Furthermore, the recursive forecast and the forecast evaluation did not appear in the 

previous studies. The data used in this paper is also larger when compared with the data from 

the previous studies. 
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4. Empirical Methodology 

Two types of models will be presented: the autoregressive model and the vector autoregressive 

model. The use of the VAR model is evident because the study tests the Granger causality and 

examines the results from impulse response function.  

4.1 Univariate autoregressive (AR) model 

This method is important because it will be used in the forecast evaluation. 

A univariate time series yt follows an autoregressive model AR(p) if it is generated by: 

yt  = C + θ1yt-1 + θ2yt-2  + ….. +θpyt-p + 𝜀t        (1) 

where C = constant,  𝜀t is a white noise and where 𝐸[𝜀𝑡] = 0 and 𝑣𝑎𝑟[𝜀𝑡] = 𝜎𝜀
2. 

4.2  Vector autoregressive (VAR) model 

Together with the AR model, the VAR model will contribute to answer to the research question. 

The vector autoregressive model is a generalisation of a univariate autoregression. Each 

variable is related not only to its own past but also to the past of all other variables in the system 

(Diebold, 2006). In an n variables vector autoregression of order p, n equations are estimated. 

In each equation, the left-hand-side variable is regressed on p lags of itself and p lags of every 

other variable (Diebold, 2006). In order to determine lag length p of the model, the Schwarz 

criterion will be considered. The lowest value shows the best lag. 

 𝑌𝑖,𝑡 = 𝑐1 + 𝑓11
1 𝑦1,𝑡−1 + ⋯ + 𝑓1𝑛

1 𝑦𝑛,𝑡−1 + ⋯ + 𝑓11
𝑝 𝑦1,𝑡−𝑃 + ⋯ + 𝑓1𝑛

𝑝 𝑦𝑛,𝑡−𝑃 + 𝑢1𝑡       (2) 

. 

  𝑌𝑛,𝑡 = 𝑐𝑛 + 𝑓𝑛1
1 𝑦1,𝑡−1 + ⋯ + 𝑓𝑛𝑛

1 𝑦𝑛,𝑡−1 + ⋯ + 𝑓𝑛1
𝑝 𝑦1,𝑡−𝑃 + ⋯ + 𝑓𝑛𝑛

𝑝 𝑦𝑛,𝑡−𝑃 + 𝑢𝑛𝑡    (3) 

Using a matrix notation, the VAR model can be written as follows: 

Yt = C + F1Yt-1 + ……+ FpYt-p + ut            (4) 

Where Yt is a (n*1) vector of endogenous variables, C is a (n*1) vector of intercepts and F1, 

F2,………,Fp are (n*n) matrices of parameters. 𝐸[𝑢𝑡] = 0 , 𝐸[𝑢𝑡𝑢𝑡
′] = 𝛴𝑢 for all t. 

𝐸[𝑢𝑡𝑢´𝑆] = 0  for all t ≠ s. ut is a (n*1) vector of white noises and ut´ is the transpose. 

4.3  Impulse response function 

The impulse response function helps to learn about the dynamic properties of vector 

autoregressions of interest to forecasters (Diebold, 2006). The impulse response function 
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describes how the system responds to a shock today or in the future. Those shocks enter through 

the residual vector Ut = (u1t, u2t, ….., unt)´.  

Because of the residual covariance matrix 𝛴𝑢 is generally not diagonal, the components of Ut 

may be correlated. Consequently, the ujt shocks are not likely to occur in isolation in practice. 

That is why the residuals must be rewritten in such a form that they are orthogonal. One way to 

get them is to use a Choleski decomposition of the covariance matrix of the disturbances (𝛴𝑢) 

(Lütkepohl, 2004). 

If B is the lower triangular matrix such that 𝛴𝑢= BB´, the orthogonalized shocks are given by 

𝜀𝑡 = B-1ut (Lütkepohl, 2004). A 𝜀 shock in the first variable may have an instantaneous effect 

on all variables, whereas a shock in the second variable cannot have an instantaneous impact 

on the first variable, but only on the other variables and so on (Lütkepohl, 2004). Hence, the 

effects of the shocks depend to how the variables are arranged.  

The motivation of the ordering of the variables can be supported by the economic theory “slow-

to-fast” or trying all alternatives to see if the results are similar. In the bivariate VAR the 

ordering is interest rate, stock market return and exchange rate, stock market return. In the 

trivariate VAR, the ordering is interest rate, exchange rate and stock market return. 

4.4  Granger Causality test 

This method is used in order to investigate the relationship between two variables. Granger 

defines a variable y1t to be Granger causal for a time series variable y2t if the former helps to 

improve the forecast of the latter (Lütketpohl, 2004). 

If y1t Granger causes y2t, it means that y1t contains information for predicting y2t over and above 

the past histories of other variables in the system (Diebold, 2006).  

Suppose we take an example of a bivariate VAR(p), and if y1t does not Granger cause y2t, the 

restriction f1
21 = f2

21 =……..= fp
21 = 0 have to be true. This hypothesis can be tested with an F-

test using a single equation framework. 

[
𝑦1𝑡

𝑦2𝑡
] = [

𝑐1

𝑐2
] + [

𝑓11
1 𝑓12

1

0 𝑓22
2 ] [

𝑦1𝑡−1

𝑦2𝑡−1
] + ……… + [

𝑓11
𝑝 𝑓12

𝑝

0 𝑓22
𝑝 ] [

𝑦1𝑡−𝑝

𝑦2𝑡−𝑝
] + [

𝜀1𝑡

𝜀2𝑡
]     (5) 

4.5  Forecasting 

The techniques of forecasting used in VAR model are the same as those used for forecasting in 

the univariate autoregressive model. 
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If we have a VAR(p) model: 

Yt = C + F1Yt-1 + ………+ FpYt-p + 𝜀𝑡         (6) 

At 1 step ahead forecast with respect T, we have: 

YT+1|T = C + F1YT + ……..+ FpYT+1-p             (7) 

At h step ahead, we have: 

YT+h|T = C + F1YT+h-1|T + …….. +FpYT+h-p|T    for h>p                             (8) 

where YT is the vector of the endogenous variables, C is the vector of the intercepts and YT+h|T 

is the forecast at h step ahead with respect T. 

4.6  Measures for evaluation 

In order to evaluate different forecasts, the root mean square error (RMSE) and the mean 

absolute error (MAE) are used. The Diebold Mariano test is also presented in this sub section. 

RMSE = √
1

𝑛
∑ 𝑒𝑖

2𝑛

𝑖=1
                                                                          (9)   

MAE = 
1

𝑛
∑ |𝑒𝑖|

𝑛
𝑖=1                             (10) 

where ei (error) is the difference between the actual value and the predicted value and n is the 

number of the forecasts. 

To check if the difference between two forecasts is significant, the Diebold-Mariano (DM) test 

is used. Let take ei and si as the residuals for the AR(1) and the bivariate VAR(1) model for 

example. And let take di be the difference between the squared errors. 

di = e2
i – s2

i.          (11) 

The null hypothesis of the DM test is H0: 𝐸[ⅆ𝑖] = 0. A regression of the loss-differential di with 

a constant is done to get the statistical values (test statistics and p-values).  
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5. Data 

The data used in this paper is quarterly data composed by three financial variables: the Nairobi 

stock exchange index (NSE 20), the exchange rate Kenya shilling/US dollar (KES/USD) and 

the short-term interest rate for the Treasury Bills (3 months). 

The short-term interest rate is available on the Central Bank of Kenya website. The daily, 

weekly and monthly data of the NSE 20 and the exchange rates KES/USD are available on the 

investing.com website which is one of the reliable sources for financial markets data and 

trading. In our study, the period from 1998Q1 to 2018Q4 will be considered. It is also the data 

which is available. The data of the last month in the quarter will be the quarterly data. 

The NSE 20 is the Kenyan stock market index which indicates the performance of the 20 best 

ranked firms listed on the Nairobi securities exchange. To do the selection of the best 

companies, some criteria are followed. The choice is based on weighted market performance 

for a period of one year (12months). The capitalization, the number of shares traded and the 

number of deals contribute to the classification of the companies. 

In our analysis, we will use the logarithm of the NSE 20 price (lognse). 

Table 1:  Descriptive statistics 

 LOGNSE Exchange rate Interest rate 

Mean 8.2 81.7 8.9 

Median 8.1 78.9 8.3 

Maximum 8.6 104.7 26.7 

Minimum 7.0 59.5 0.8 

Standard deviation 0.4 12.0 4.6 

Observations 84 84 84 
Notes: The interest rate is from the Central Bank of Kenya Website. The exchange rate and the stock market price are from 

investing.com website. 
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Graph 1: The log of NSE 20 prices 

 

Notes: Quarterly data are used with a sample period from 1998Q1 to 2018Q4. Years are shown on horizontal axis and the 

logarithm of the stock market prices are shown on the vertical axis. The stock market prices are downloaded from investing.com 

website. 

Analysing this graph 1, different high and low prices for the NSE 20 are observed. There is a 

big drop in 2002Q3, a trend up is also observed between year 2003 and year 2007. The table of 

the descriptive statistics shows that the minimum value is registered at the third quarter of year 

2002. The maximum value is listed at the fourth quarter of year 2006. The mean of the lognse 

is 8.2 and the standard deviation is equal to 0.4. 

 It is not easy to find explanations of each variation, but in 2002 where a big drop is observed, 

two reasons can be mentioned. First, many reforms are continually done. In July 2002, a foreign 

investor regulation was introduced. It was decided that a minimum of 25% of the issued share 

capital would be provided by Kenyan citizens. This can contribute to the reduction of the stock 

market price in the immediate future especially if the national citizens are not prepared. Another 

factor which affects the stock market is the political situation. In the year 2002, there was an 

uncertain presidential election, and in that case the investors were very cautious.  

Another drop is also observed in the fourth quarter of year 2008 and in the beginning of year 

2009 because of the financial crisis.  The drop observed in 2017 is perhaps caused by political 

reasons. There was a presidential election followed by many manifestations and violence. It is 

not easy to invest in that case. 
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Graph 2: The exchange rate KES/USD 

 

Notes: Quarterly data are used with a sample from 1998Q1 to 2018Q4. The vertical axis represents Kenya shilling per US 

dollar (how many shillings per one dollar) and the horizontal axis represents the period in years. The data is downloaded from 

investing.com Website. 

The graph of the exchange rates KES/USD (Kenya shilling/US dollar) show that there is a big 

drop in 2008 because of financial crisis. The US dollar becomes weak compared to the Kenyan 

national currency (shilling). The mean of the exchange rate is 81.7 and the standard deviation 

is 12.0 as it is shown in the table 1. The minimum value of the exchange rate is observed in the 

second quarter of the year 1998 and the maximum value is shown in 2015Q3. 
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Graph 3: The short-term interest rates 

 

Notes: Quarterly data from 199Q1 to 2018Q4 are used. Years are shown on the horizontal axis and the interest in percent are 

represented on the vertical axis. The data is downloaded from the Central Bank of Kenya. 

The mean of the interest rate for the period 1998Q1 to 2018Q4 is 8.9% and the standard 

deviation is 4.6%. The maximum of interest rate is 26.7% and is observed in the first quarter of 

the year 1998. The minimum is 0.8% and it is listed in the third quarter of 2003. The maximum 

value and minimum value show a big fluctuation of interest rate between year 1998 and year 

2003. 

5.1  Unit root test 

In order to build an appropriate vector autoregressive model, and to have credible and robust 

results, all the time series process must be stationary. The stationarity implies the stability of 

the VAR model. That is why it is important to check the unit root in the variables. If a unit root 

is found in the level for example, the checking continues in the first difference. 

To test the stationarity, the Augmented Dickey Fuller test (ADF) and the Kwiatkowski-Phillips-

Schmidt-Shin test (KPSS) will be used. The null hypothesis for the ADF is “the variable has a 

unit root”, and for the KPSS test the null hypothesis is “the variable is stationary”. 
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5.1.1  ADF test results 

 

Table 2: ADF unit-root test results 

Variables Deterministic terms Test statistic P-value 

    

LOGNSE 

 

Constant and Trend -2.327337 0.4145 

DLOGNSE 

 

Constant -6.442812 0.0000 

KES/USD 

 

Constant -1.349301 0.6031 

DKES/USD 

 

None -8.054635 0.0000 

Interest rate 

 

Constant -4.367468 0.0007 

Observations 

 

82   

 

Notes: LOGNSE is the logarithm of the stock market price NSE 20 (Nairobi Stock exchange in the level), DLOGNSE is the 

logarithm of the stock market price in the first difference (the stock market return), KES/USD is the exchange rate Kenya 

shilling US dollar in the level and DKES/USD is the exchange rate Kenya shilling US dollar in the first difference. 

Note that if the p-value of the series is less than 0.05, the null hypothesis is rejected, and the 

conclusion is that the series are stationary. Like it is shown in the table 2, the exchange rate 

KES/USD and the LOGNSE are stationary in the first difference but for the interest rates, the 

stationarity is in the level. 
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5.1.2 KPSS test results 

Table 3: KPSS unit-root test results 

Variables Deterministic 

terms 

Test statistic Critical values 

   1% 5% 10% 

LOGNSE 

 

Constant and 

trend 

0.138 0.216 0.146 0.119 

DLOGNSE 

 

constant 0.105 0.739 0.463 0.347 

KES/USD 

 

constant 0.972 0.739 0.463 0.347 

DKES/USD 

 

constant 0.086 0.739 0.463 0.347 

Interest rate 

 

constant 0.335 0.739 0.463 0.347 

Observations 

 

82     

 

Notes: LOGNSE is the logarithm of the stock market price NSE 20 (Nairobi Stock exchange in the level), DLOGNSE is the 

logarithm of the stock market price in the first difference (the stock market return), KES/USD is the exchange rate Kenya 

shilling US dollar in the level and DKES/USD is the exchange rate Kenya shilling US dollar in the first difference. 

Note that if the test statistic is less than the critical values, the null hypothesis cannot be rejected, 

and the conclusion is that the series are stationary. 

The table 3 shows that the series are stationary at different levels. The exchange rate KES/USD 

and the LOGNSE are stationary in the first difference but for the interest rate shows the 

stationarity in the level. 

The absence of the unit root in the interest rate is also confirmed in the previous studies like in 

the article of Beechy, Hjalmarsson and Österholm (2009) where they said that nominal interest 

rates are unlikely to be generated by unit-root process. 

Considering the result of the unit root test, it is appropriate to use the stock market return 

(dlognse) and the exchange rate in the first difference, and the interest rate in the level in the 

modelling of the VAR model. 

5.2 Optimal lag length of the different VAR models 

The lowest value according the Schwarz information criterion shows the best lag order. The 

different tables showing the appropriate lag length are shown in the appendix (tables A1, A2 

and A3).  

For the multivariate VAR model (stock market return, exchange rate and interest rate), the 

lowest value is shown at lag 1. We conclude that the VAR (1) is the appropriate model. For the 
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bivariate VAR model including the stock market return and the interest rate, Schwarz criterion 

shows the lowest value at the lag 1. We conclude that the bivariate VAR (1) model is 

appropriate. For the bivariate VAR model including the stock market return and the exchange 

rate, Schwarz criterion indicates that the lowest value is at the lag zero. This means that it is a 

model with just an intercept. In such model, there is no dynamic between variables, and it means 

that the exchange rate does not Granger cause the stock market return. The impulse response 

function is not interesting in this case. However, the estimation and the forecast of the stock 

market return with intercept, which is in reality the univariate model at lag zero AR(0), will be 

done. 

After choosing the lag length, the checking of the stability of the trivariate VAR(1) model and 

the bivariate VAR(1) model including stock market return and interest rate is necessary. As it 

is shown in the table A4 in the appendix, no root lies outside or on the unit circle, we conclude 

that the trivariate VAR(1) satisfies the stability condition. The table A5 in the appendix shows 

that no root lies on or outside the unit circle, we conclude that the bivariate VAR(1) satisfies 

the stability condition  

5.3  Optimal lag length of the AR model 

It is also important to find the optimal length of the univariate autoregressive model of the stock 

market return. Estimating the univariate autoregressive model from AR(0) to AR(7) we get the 

results in the table A6 in the appendix. The lowest value according to Schwarz criterion is 

observed at the lag 1. AR(1) model will be used. Note that according to the theory, the Schwarz 

criterion shows a less value in AR(0) than in the AR(1) if the market is weakly efficient. 
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6. Results 

In this section, the results from Granger causality test, impulse response function and the 

recursive forecasts for the the different models will be presented. 

6.1  Bivariate Granger Causality test  

The null hypothesis in Granger causality test is “the variable independent Xt does not Grange-

cause the variable dependent Yt”. 

As shown in this table A7 in the appendix, the Granger causality test of the bivariate VAR(1) 

including the stock market return and the interest is done (interest rate is the independent 

variable and stock market return is the dependent variable). The p-value is equal to 0.5482 and 

it is much larger than 0.05. In this case, we cannot reject the null hypothesis and we conclude 

that the interest rate does not Granger-cause the stock market return. 

Like indicated before, the lag length of the bivariate VAR model of the stock market return and 

the exchage rate in the first difference is zero. We conclude that the exchange rate in the first 

difference does not Granger cause the stock market return. 

6.2 Impulse response function (IRF) 

The impulse response function for the bivariate VAR(1) model including the interest rate and 

the stock market return, and the IRF for the trivariate VAR(1) model are presented. For the 

bivariate VAR of the dKES/USD and the stock market return, it is not interesting to find the 

IRF because the lag length is equal to zero. 

When testing the impulse response function, the order in the Cholesky decomposition in the 

graph 4 is: interest rate, dlognse. 
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Graph 4: Impulse response function (bivariate VAR(1)model)  

 

Notes: The quarters are shown on the horizontal axis and the percentage points are shown on the vertical axis. Quarterly data 

from 1998Q1 to 2018Q4 are used. Predicted values are shown in blue line and ± 2SE in red line. 

The graph shows how the stock market return respons to a one standard deviation shock to the 

interest rate over 20-quarter horizon. The shocks to the interest rate have no significant effect 

on the stock market return 

In the graph 5, the ordering of the Cholesly decomposition is changed, it is: dlognse, interest 

rate. The goal is to analyse which ordering gives robust results. 

Graph 5: Impulse response function (bivariate VAR(1) model) 

 

Notes: The quarters are shown on the horizontal axis and the percentage points are shown on the vertical axis. Quarterly data 

from 1998Q1 to 2018Q4 are used. Predicted values are shown in blue line and ± 2SE in red line. In this graph, the order of the 

Cholesky decomposition is: dlognse interest rate. 

.00

.04

.08

2 4 6 8 10 12 14 16 18 20

Response of DLOGNSE to INTEREST_RATE

.00

.02

.04

.06

.08

.10

2 4 6 8 10 12 14 16 18 20

Response of DLOGNSE to INTEREST_RATE



19 
 

The graph 5 shows a very little response of the stock market return to one standard deviation 

shock on the interest rate. The response of the stock market return is around zero, the effect is 

not significant. 

  Graph 6: Impulse response function (trivariate VAR(1)model) 

 

Notes: The quarters are shown on the horizontal axis and the percentage points are shown on the vertical axis. Quarterly data 

from 1998Q1 to 2018Q4 are used. Predicted values are shown in blue line and ± 2SE in red line. Cholesky ordering is interest 

rate, exchange rate and stock market return. 

The graph at the left shows the response of the stock market return to the shock of one standard 

deviation to the exchange rate in the first difference. The shock causes a direct decline of the 

stock market return. The stock market return reaches its lowest value of -3 basis points in the 

first quarter, it continues to rise up between the the first and the sixth quarter but dies out 

thereafter. The graph shows also that there is a significance during the first and the second 

quarters.  

The shock of one standard deviation to the interest rate leads to a decline of the stock market 

return by 1.2 basis point. The results are quite similar like those shown in the bivariate VAR(1) 

model. The shock to the interest rate shows no effect to the stock market return. 

6.3  The out-of-sample forecast 

The recursive out-of-sample forecast for the different VAR models and AR model will be 

presented. The models are initially estimated using the data from 1998Q1 to 2009Q4. This 

estimation is used to generate forecats with a four quarter horizon. The model is estimated again 

with one period extension of the sample and generate another forecast with a four quarter 

horizon. This recursive forecast continues untill to the last quarter of 2018. We get a total of 33 

forecasts for each model. 
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Graph 7: Forecast of the dlognse in the bivariate VAR(1) model (dlognse and interest rate) 

 

Notes: Quarterly data used is from 1998Q1 to 2018. The quarters are shown on the horizontal axis and the percentage points 

are shown on the vertical axis. 

The graph 7 shows the forecasts of the white noises for the stock market return. Actual values 

are shown in blue and the forecasts values are are shown in different colors. The forecasts do 

not seem to predict the stock market return quite well. 

Graph 8: Forecast of dlognse with a constant (bivariate VAR(0): dlognse and dKES/USD) 

 

Notes: Quarterly data used is from 1998Q1 to 2018. The quarters are shown on the horizontal axis and the percentage points 

are shown on the vertical axis. 

The graph 8 shows the forecasts of the white noises for the stock market return in the bivariate 

VAR(0) which is in reality the AR(0). Each forecast is represented by a horizontal line. It means 
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that the forecast values at the first horizon to the fourth horizon are the same. It seems that the 

forecats do not predict well the stock market return. 

Graph 9: Forecast of dlognse in the trivariate VAR(1) model 

 

Notes: Quarterly data used is from 1998Q1 to 2018. The quarters are shown on the horizontal axis and the percentage points 

are shown on the vertical axis. 

In the graph 9, the actual values are in blue and the forecasts of the white noises are in different 

colors. The forecasts do not show a good prediction of the stock market. 

 Graph 10: Forecast of AR(1) of DLOGNSE 

 

Note: Quarterly data used is from 1998Q1 to 2018. The quarters are shown on the horizontal axis and the percentage points are 

shown on the vertical axis. 
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The forecasts of the white noises shown in the graph 10 do not show a good prediction of the 

stock market return. 

Table 6: Results from the out-of-sample forecast exercise 

Horizon AR(1) Bivariate VAR(1) AR(0) Trivariate VAR(1) 

MAE RMSE MAE RMSE MAE RMSE MAE RMSE 

H1 0.064 0.084 0.067 0.087 0.067 0.088 0.070 0.089 

H2 0.062 0.081 0.067 0.088 0.065 0.084 0.068 0.091 

H3 0.068 0.087 0.071 0.091 0.068 0.087 0.073 0.094 

H4 0.066 0.086 0.071 0.091 0.067 0.086 0.071 0.093 
 

Notes: Bivariate VAR(1) is the VAR model of the interest rate and the stock market return, the bivariate VAR(0) which is the 

VAR model of the stock market return and the the exchange rate in the first difference. The trivariate VAR(1) is the VAR 

model of the three variables. AR(1) is the univariate model. H1 to H4 (first horizon to fourth horizon). 

The table above shows the root mean square error (RMSE) and the mean absolute error (MAE) 

for the first horizon (H1: first quarter)  to the fourth horizon (H4: fourth quarter) for all the 

models. 

Which model forecasts best between AR(1) and the bivariate VAR(1) including the stock 

market return and the interest rate? According to all the results from the MAE, the AR(1) shows 

the lowest values. The results from the RMSE at all horizons indicate that the lowest values are 

also observed in the AR(1). This implies that the AR(1) forecasts better than the bivariate 

VAR(1). 

Which model forecasts best between AR(1) and the trivariate VAR(1) models? According to 

the results of the MAE, the AR(1) model shows the lowest values from the first horizon to the 

fourth horizon (from H1 to H4). According to the results of the RMSE, we found the same 

results: the univariate autoregressive AR(1) has the lowest values. The conclusion is that the 

AR(1) forecasts better than the trivariate VAR(1). 

Which model forecasts best between the AR(1) and the AR(0)? According to the results from 

the MAE in the table 6, the AR(1) shows the lowest values at the first and the second horizons 

but at the third and the fourth horizons, the values of the MAE are the same. The RMSE for the 

AR(1) show also the lowest values in the horizon H1 and H2 compared with the RMSE from 

the AR(0). The values are the same in the two others horizons (H3 & H4), we conclude that the 

AR(1) forecast best in the short run. 
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Table 7: Results from the DM test 

Horizon AR(1) vs bi VAR(1) AR(1) vs AR(0) AR(1) vs tri VAR(1) AR(0) vs tri VAR(1) 

Test statistic P-value Test statistic P-value Test statistic P-value Test statistic P-value 

H1 -1.359 0.184 0.373 0.712 -0.494 0.625 0.239 0.813 

H2 -2.667 0.012 -1.437 0.161 -2.034 0.051 1.539 0.134 

H3 -1.359 0.184 0.000 1.000 -1.139 0.026 1.138 0.263 

H4 -1.000 0.325 1.000 0.325 -0.812 0.423 1.359 0.184 
 

Notes: bivariate VAR(1) is the model of the interest rate and the stock market return, the AR(0) is the univariate model at lag 

zero (VAR(0) of the model of the stock market return and the exchange rate), the trivariate VAR(1) is the model for the three 

variables and H1 to H4 indicate the first to the fourth horizon.  

There is a significant difference between two forecasts if the p-value is less than 0.05. The 

results from the Diebold-Mariano test show that the p-value is equal to 0.012 at the second 

horizon (H2) when comparing the forecasts from AR(1) and the bivariate VAR(1). The p-value 

is 0.051 at the second horizon (H2) when comparing the forecasts from AR(1) and the trivariate 

VAR(1). The null hypothesis is rejected at this second horizon and the conclusion is that there 

is a significant difference between the forecasts. At the other horizons, the forecasts show no 

difference, the p-values are larger than 0.05. It means that the null hypothesis cannot be rejected, 

and the conclusion is that there is no significant difference between the forecasts. 
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7. Discussion 

To check if the exchange rate KES/USD and the short-term interest rate Granger cause the stock 

market return in Kenya, we proceed to the analysis of the results from different models. 

The results show that it is not possible to model a bivariate VAR model including the exchange 

rate and the stock market return because there is no dynamic between the two variables. The 

lag length equal to zero which is found in the results indicates an absence of a Granger causality 

between the exchange rate and the stock market return in Kenya. Those results confirm the 

findings of Ndako (2013). In this previous study, the author finds no Granger Causality between 

stock market prices and exchange rates in Kenya and South Africa, but it was not the case in 

Nigeria, Ghana and Mauritius. 

The results from Granger Causality test in the bivariate VAR(1) model including the stock 

market return and the interest rate indicate that the interest rate does not Granger cause the stock 

market return. Neither the interest rate nor the exchange rate Granger cause the stock market 

return. This give the answer to the purpose of the paper which is to check if the interest rate and 

the exchange rate Granger cause the stock market return. 

The findings from the impulse response function in the trivariate VAR(1) model show that the 

shock on the exchange rate in the first difference implies a negative effect on the stock market 

return. The results indicate that this effect is significant in the two first quarters. The conclusion 

is that at the short run, the fluctuations of the exchange rate affect significantly the stock market 

return in Kenya. However, this seems strange because no dynamic between the two variables 

can be found in the bivariate VAR model, but the introduction of the interest rate in the model 

(multivariate VAR) changes the results of the IRF.  

The IRF shows that the shock to the interest rate has a negative weak effect on the stock market 

return both in the bivariate VAR(1) model and the trivariate VAR(1) model. This is the opposite 

in the previous study of Uddin & Alam (2010). When analysing the impact of the interest rate 

on stock market price in Dhaka, they find a significant negative relationship between the two 

financial variables. 

The results from the root mean square error and mean absolute error confirm what was expected 

in the efficient market hypothesis theory. In fact, when the interest rate and the exchange rate 

are publicly known, they are already reflected in the stock price. Thus, an introduction of an 

information already reflected in a price does not contribute to the prediction. 
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Coming back to the theory and regarding to all those results and to the statement evoked at the 

theory section, it is possible to determine if the Kenyan financial market is efficient and which 

form of efficiency is the market. According to the results from the table 6, the values of the 

MAE and the RMSE are smaller in the AR(1) than in the AR(0). It means that the AR(1) 

forecast better than the AR(0). However, an autocorrelation in returns cannot be confirmed 

because the DM test shown in the table 7 indicates that the difference between the two forecasts 

is not significant. 

The semi strong efficiency is checked by doing a forecast evaluation between the AR(0) and 

the trivariate VAR(1). The table 6 shows that the values of the MAE and RMSE at the all 

horizons are smaller in the AR(0) than in the trivariate VAR(1). Those results show that the 

AR(0) forecast better than the trivariate VAR(1). However, the results from the DM test 

presented in table 7 indicate that the difference between the two forecasts is not significant in 

all the four horizons, that is why the semi strong form of the efficient market hypothesis cannot 

be confirmed. The conclusion is that the results cannot indicate that the Kenyan financial market 

is efficient. 

One of the limits of this study is that it is not easy to find many previous studies which 

incorporate many financial variables in a same paper.  
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8. Conclusion 

This paper employs three VAR models which are a bivariate VAR model including the stock 

market return and the short-term interest rate, a multivariate VAR including the stock market 

return, the exchange rate (KES/USD) and the interest rate, and finally a bivariate VAR model 

including the stock market return and the exchange rate. A univariate autoregressive model of 

the stock market return is also employed. The data used is a quarterly data from 1998Q1 to 

2018Q4. Different findings are presented in the section 6. When comparing those results with 

the research question which was to see if the interest rate and the exchange rate improve the 

forecast of the stock market return, the findings show a negative answer to the question. In fact, 

the results from the statistical values RMSE and MAE agree that the univariate autoregressive 

model predict better the stock market return than the three VAR models. In other words, it is 

shown that public information like the interest rate and the exchange rate are already reflected 

in the price and their introduction in the VAR model does not improve the prediction of the 

stock market return in Kenya. The purpose of the paper which is to check if the interest rate and 

the exchange rate Granger cause the stock market return gets also the answer: none of the two 

variables Granger causes the stock market return.  

According to the results from Diebold-Mariano test, the difference between the forecasts is 

significant at the second horizon when comparing the forecast from AR(1) and the bivariate 

VAR(1), and also at the second horizon when comparing the forecast from AR(1) and trivariate 

VAR(1). There is no significance between the forecasts at other horizons. Those results confirm 

the theory because publicly available information is already reflected in the stock price 

(Mishkin and Eakins, 2006). However, the results from the impulse response function in the 

trivariate VAR model show a little effect of the two variables on the stock market return in 

Kenya. Nevertheless, it is still necessary that the policymakers continue to exercise a control of 

the two variables (interest rate and exchange rate). An interest rate which is not under control 

may cause consequences not only in the financial market but also in the entire economy of a 

country. The results also confirm the idea of those who say that the efficient market hypothesis 

is associated with the idea of “a random walk”. The prediction of the stock market price 

becomes difficult. Only new information (bad or good) or an unexpected event will change the 

stock market price. 

To improve this study, some macroeconomic variables like inflation and money supply can be 

added in a VAR model. This can perhaps contribute to predict best the stock market return. 
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Appendix 

Table A1: Lag length of the bivariate VAR (dlognse and interest rate) 

      Lag    SC 

  

Notes: SC: Schwarz criterion, the * indicates the selected lag. 

 

Table A2: Lag length of the bivariate VAR (dlognse and dKES/USD) 

      Lag    SC 

  

Notes: SC: Schwarz criterion, the * indicates the selected lag. 

 

Table A3: Lag length of the trivariate VAR model 

      Lag    SC 

  

Notes: SC: Schwarz criterion, the * indicates the selected lag. 
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Table A4: VAR stability condition Check (trivariate VAR(1) model) 

 

Notes: When the values are less than 1, the stability condition is satisfied. 

Table A5: VAR stability condition Check for bivariate VAR(1) model 

 

Notes: When the values are less than 1, the stability condition is satisfied. 

Table A6: Lag length of the AR model 

 AR(0) AR(1) AR(2) AR(3) AR(4) AR(5) AR(6) AR(7) 

SC -1.6062 -1.6091* -1.5995 -1.5511 -1.5143 -1.4799 -1.4310 -1.3831 
 

Notes: *indicates the lowest value 

Table A7: Granger Causality test 

Null Hypothesis Observations Chi-squared P-value 

Interest rate does not Granger cause the 

stock market return 

82 0.360641 0.5482 

 

Source: Own test in Eviews 
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Graph A1: Impulse response function of the VAR(1) interest rate and DLOGNSE  

 

 

Notes: The quarters are shown on the horizontal axis and the percentage points are shown on the vertical axis. Quarterly data 

from 1998Q1 to 2018Q4 are used. Predicted values are shown in blue line and ± 2SE in red line. 
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Graph A2: Impulse response function of the trivariate VAR(1) interest rate DKES/USD and 

DLOGNSE 

 

 

Notes: The quarters are shown on the horizontal axis and the percentage points are shown on the vertical axis. Quarterly data 

from 1998Q1 to 2018Q4 are used. Predicted values are shown in blue line and ± 2SE in red line. 
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