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Abstract: This study tries to verify the predictive power of the implicit forward rate of 
the term structure of interest rates in Africa. We used data from Egypt, Ghana, Kenya, 
Nigeria and the Republic of South Africa. A modified version of the yield term premium 
and the forward term premium models of Shiller and McCulloch (1990) were used to 
test the predictive power of the implicit forward rate, rather than the rational expecta-
tions hypothesis. We both used FMOLS and DOLS estimators, since they are more con-
sistent than OLS with non-stationary series. The overall results show that the implicit 
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forward rate does not have a significant predictive power in Africa. It therefore appears 
that operators on African markets should not rely on those predictions. 

 Introduction

The predictability of interest rates is a financial problem that preoccupies sev-
eral categories of economic agents. Indeed, in order to avoid capital losses or to 
expect huge gains, a lender on capital market has to get an idea of what will be 
the future level of interest rates. Similarly, in order to minimise the capital cost, 
a borrower needs to know what will be the future level of interest rates.

Some old neoclassical school authors including Fisher (1896), Lutz (1940) 
and Meiselman (1962), thought that the future level of interest rates can be 
predicted through the term structure of interest rates (or yield curve). It rep-
resents the relationship between bond yields that are theoretically considered 
to be risk-free, and their maturities at a given date (Mishkin, 2010). The future 
level of interest rate is then known, given the implicit forward rate in the term 
structure of interest rates.

These authors were criticised by others from the monetarist school includ-
ing Hicks (1939) and Modigliani and Sutch (1966) on the fact that operators on 
the market are not gods alike to know with certainty what will be in the future. 
Taking into consideration the risk, they proposed to add a premium (liquidity 
premium or risk premium) to the term structure of interest rates. In those con-
ditions, the future level of interest rate would be the implicit forward rate plus 
the liquidity or risk premium. Considering the fact that operators should have 
rational expectation on the market, Roll (1968) and Sargent (1972) proposed 
a model where the forward rate is the expected rational interest rate, which 
gave what is called in the financial literature the expectation hypothesis. But 
what credit should be given to the predictions of the implicit forward rate of the 
term structure of interest rates in Africa?

This study tries to verify the predictive power of the implicit forward rate of 
the term structure of interest rates in Africa. That is to test the empirical valid-
ity of the expectations hypothesis in Africa. The model of Shiller and McCulloch 
(1990) was used to this end. But, rather to use a rational expected short rate 
as it is common in the literature, following Guidolin and Thornton (2008) and 
Bulkley, Harris and Nawosah (2013), we used the implicit forward rate as the 
short rate predicted. We used data from Egypt, Ghana, Kenya, Nigeria and the 
Republic of South Africa.
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The rest of the paper is organized as follows: after this introductive sec-
tion, the next section presents a literature review on interest rate predictabil-
ity through the term structure of interest rates. The third section presents the 
research methodology and the course of the research process, the fourth pre-
sents the results and discussions, and the sixth section presents the conclusion.

Literature review

Theoretical framework of interest rate predictability  
through the term structure of interest rates

The term structure of interest rate was first describes by Fisher (1896), who 
proposed a mathematical equality between the yield of a long term securi-
ty and the total yield of short term securities, along the long term maturity. 
But his theory was formalised by Lutz (1940) in his expectations theory. Lutz 
(1940) described operators in the capital market as insatiable and motivated 
by a single goal: profit maximisation. In this context, they would try to take ad-
vantages of any arbitrage opportunities offered by a market in a situation of 
disequilibrium, that is a market where:
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deau & Ricart, 1999). 
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The orthogonal models seek to resolve the problem of the poor small sam-
ples properties of the standard model (Longstaff, 2000). They used a Monte 
Carlo simulation to this end. But they are unclear about the predictive power 
of the implicit forward rate. The VAR model of Campbell and Shiller (1991) also 
try to deal with the standard models biases, including overlapping errors. This 
approach provides some information about the similarity of current spread 
movements relatively to those implied by the expectations hypothesis (Camp-
bell & Shiller, 1991). If the purpose is to evaluate the ability of the expectation 
hypothesis to predict the slope of the yield curve, then the linear regression 
would not be the most appropriate method (Campbell & Shiller, 1991). But if 
one’s purpose is merely to test the theoretical model of expectation hypothesis, 
then the regression method using the standard model would be simpler (Camp-
bell & Shiller, 1991). Since this is the case in this study, we use the standard 
model of Shiller and McCulloch (1990).

Several studies have been made, in the literature, using standard tests, in-
cluding Fama (1984), Mankiw and Miron (1986), Fama and Bliss (1987), Froot 
(1987), Shiller and McCulloch (1990), Campbell and Shiller (1991), Hardouvelis 
(1994), Bulkley et al. (2013), on American data’s; Jondeau and Ricart (1999) and 
Guidolin and Thornton (2008) on Euro-devises data’s, Gerlach (2003) on Hong 
Kong interbank market data’s, and among the most recent, Boamah (2016) on 
Ghanian data’s, and Bidias and Kamdem (2017) on West African Economic and 
Monetary Union (WAEMU) interbank market data’s. All these studies but the 
one of Jondeau and Ricart (1999) rejected the expectation hypothesis on each 
market in question.

It is important to note that all these studies but those of Guidolin and Thorn-
ton (2008) and Bulkley et al. (2013) used the rational expected short rate as the 
predicted future short rate. If the need to consider that operators on the mar-
ket are rational is understandable, this does not provide clear information’s 
about the predictive power of the implicit forward rate. So rather to use it as it 
was defined by Shiller and McCulloch (1990), following Guidolin and Thornton 
(2008) and Bulkley et al. (2013), we consider the implicit forward rate as the 
predicted rate. The details are given in section 3 bellow. 
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The research methodology and the course of the research process

The data

In this study, we used data of several African countries, including the Republic 
of South Africa, Nigeria, Egypt, Ghana, and Kenya. This choice is based on the 
fact that their stock exchange markets are among the most successful in Afri-
ca, in terms of market capitalisation. Stock returns on financial markets are in-
deed evaluated with reference to the term structure of interest rate on money 
market, since securities on this market are theoretically considered free from 
default risk.

While interbank market rates were used for the Republic of South Africa 
and Nigeria, treasury bills rates were used for Egypt, Kenya and Ghana. The 
choice of one or the other in this study depends solely on data’s availability. The 
data used have been collected on the website of each central Bank concerned. 
We used monthly rates of three months, six months and twelve months over the 
period from January 2010 to May 2017. This is a period after the international 
financial crisis of 2007-2008, the idea here being to minimise the effects of this 
crisis on agents expectations.

Since it is assumed in the literature and in practice that there is a relation-
ship between short terms rates on the market, the maturities considered are 
less than one year. The choice of those used is based on the fact that they are the 
most used rates in empirical studies. In addition, three-month and six-month 
rates represent the most commonly used reference rates on interbank markets. 
They were therefore considered as short-term rates in this study – that is the 
rates that are anticipated by agents.

Data of Ghana and Nigeria were directly obtained with a monthly frequen-
cy, while those of the Republic of South Africa, Egypt and Kenya were obtained 
initially with a weekly frequency. They were therefore grouped monthly from 
a simple arithmetic mean. The time series obtained had some missing obser-
vations. For Ghana, there was one missing observation about 3-month rate of 
T-bill. For Kenya, there was one missing observation about the 3-month rate 
series, one missing observation for the 6-month rate series, and 6 missing ob-
servations for the 12-month rate series. The missing observations not exceed-
ing one period for each of these series, we filled the gaps with a simple linear 
interpolation. 
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For Egypt, there was a total absence of transactions between January and 
October 2015 for the 3-month rate series, and between January and December 
2015 for the 6-month and 12-month rate series (a whole year). Last Observa-
tions Carry Forward (LOCF) and Next Observation Carry Backward (NOCB) 
techniques were used for 50% of consecutive voids.

Methods of data analysis

We mentioned supra that Shiller and McCulloch (1990) distinguishes three 
term risk premiums: the yield term premium, the forward term premium and 
the holding-period premium. He derived three models from these term premi-
um as follows:
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the fact that n=2 and m=1 in this study, the models can be rewrite as follows: 

1
2 (𝑟𝑟���

(�) − 𝑟𝑟�
(�)) = ∝  + 𝛽𝛽�𝑅𝑅�

(�) − 𝑟𝑟�
(�)� + 𝜀𝜀���,                                                   (10) 

𝑟𝑟���
(�) − 𝑟𝑟�

(�) =  𝛼𝛼 𝛼𝛼𝛼 �𝑓𝑓�(1, 2) − 𝑟𝑟�
(�)� + 𝜀𝜀�����                                                 (11)

In each equation, 𝛽𝛽 capture the predictive power of the implicit forward rate in the current 

term structure. Indeed, in (3.6), the spread �𝑅𝑅�
(�) − 𝑟𝑟�

(�)� is supposed to be mathematically 

equal to the half rate variation predicted by the implicit forward rate. It is therefore regress on 

the realized variation in order to know the predictive power of the implicit forward rate. The 

regression coefficient 𝛽𝛽 will be equal to 1 if the implicit forward rate is a perfect foresight 

indicator of short terms interest rates movements.  

Since (10) and (11) are simple linear regression models, all the preliminary tests of 

stationarity, co-integration, normality, autocorrelation of errors and heteroscedasticity were 

 is sup-
posed to be mathematically equal to the half rate variation predicted by the im-
plicit forward rate. It is therefore regress on the realized variation in order to 
know the predictive power of the implicit forward rate. The regression coeffi-
cient β will be equal to 1 if the implicit forward rate is a perfect foresight indi-
cator of short terms interest rates movements. 

Since (10) and (11) are simple linear regression models, all the preliminary 
tests of stationarity, co-integration, normality, autocorrelation of errors and 
heteroscedasticity were done to ensure the relevance of the results. Indeed, it 
is well known in the literature that financial series are often non-stationary. In 
fact, all the interest rates series were prove to be I(1) by the Dikey Fuller Gen-
eralize Least Square.

In that context, estimations made using OLS will be inconsistent, for the fact 
that inferences using the normal tables will not be valid - even asymptotically 
(Arize, Malindretos & Ghosh, 2015). OLS estimates will be biased in that context, 
while FMOLS of Philips and Hansen (1990) and DOLS of Stock and Watson (1993) 
will not (Arize et al., 2015). Both DOLS and FMOLS are usually preferred to the 
OLS since they take care of small sample and endogeneity bias (Montalvo, 1995).

DOLS is a parametric approach which seeks to address asymptotic bias con-
tained in the OLS estimates by including leads and lags of the first difference 
of the independent variables. Lags and leads are introduced to deal with the 
problem of the order of integration and the existence or absence of cointegra-
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tion (Anastasiou, Louri & Tsionas, 2016). Furthermore, white heteroskedastic 
standard errors are used.

Nevertheless, the parametric DOLS is preferred to the non-parametric FMOLS, 
for the FMOL (unlike the DOLS) imposes additional requirements that all varia-
bles should be integrated of the same order [i.e.,I(1)] and that the regressors 
themselves should not be cointegrated (Masih & Masih, 1996). In addition, ac-
cording to Kao and Chiang (2000) DOLS estimator is the best estimator overall. 
They asserted that DOLS outperforms both OLS and FMOLS. For these authors, 
the DOLS differs from the FMOLS estimators in that the DOLS requires no initial 
estimation and no non-parametric correction. Not only it’s computationally sim-
pler, but it reduces bias better than FMOLS. The t statistic from DOLS converges 
to the standard normal density much better than the statistic from FMOLS. In or-
der to guarantee the robustness of the result, we both used FMOLS and DOLS in 
this study.

Results and discussions

It appears from analysis results that the implicit forward rate does not have 
a significant predictive power in Egypt, Ghana and Kenya. The results are the 
same, irrespective of the model or the estimation method used. Thus, opera-
tors in those countries should not rely on the predictions of the implicit for-
ward rate of the term structure of interest rates to get an idea of what would 
interest rates be in the future. Those results are partially consistent with Bo-
amah (2016) in Ghana, since he found a significant but low predictive power 
of the implicit forward rate. The results are also consistent with Guidolin and 
Thornton (2008) on Euro-devises, and those of Bulkley et al. (2013) and Bulk-
ley, Harris and Nawosah (2015), even though they also found a partial but low 
predictive power of the implicit forward rate. The later explain that failure by 
two behavioural biases: the law of small number and conservatism. 
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Table 1. Results of the FMOLS estimations 

ß (σβ ) R2

EGYPTH

Model (3.6)

(3months ; 6months)

(6months ; 12months)

Model (3.7)

(3months ; 6months)

(6months ; 12months)

0.3611 (0.1723)

0.8420 (0.4404)

0.3517 (0.1669)

0.8241 (0.4297)

 0.1384

-0.1108

 0.1411

-0.1120

GHANA

Model (3.6)

(3months ; 6months)

(6months ; 12months)

Model (3.7)

(3months ; 6months)

(6months ; 12months)

-0.2767 (0.2145)

 0.0412 (0.1846)

-0.2645 (0.2116)

 0.0646 (0.2024)

-0.0050

 0.0080

-0.0045

 0.0121

KENYA

Model (3.6)

(3months ; 6months)

(6months ; 12months)

Model (3.7)

(3months ; 6months)

(6months ; 12months)

0.0613 (0.0924)

0.1872 (0.1285)

0.0578 (0.0842)

0.1759 (0.1101)

 

0.0142

-0.0388

 

0.0144

-0.0418

NIGERIA

Model (3.6)

(3months ; 6months)

(6months ; 12months)

Model (3.7)

(3months ; 6months)

(6months ; 12months)

-0.0707 (0.0673)

-0.1460 (0.0467)**

-0.0731 (0.0684)

-0.1648 (0.0439)**

 

0.0407

0.0599

 

0.0438

0.0602

SOUTH AFRICA

*Model (3.6)

(3months ; 6months)

(6months ; 12months)

Model (3.7)

(3months ; 6months)

(6months ; 12months)

0.0703 (0.0334)**

0.1078 (0.1081)

0.0691 (0.0253)**

0.1062 (0.1050)

 

0.0670

-0.0146

 

0.0781

-0.0153

N o t e : Mean (standard deviation) of the regressor coefficient in the second column and determi-
nation coefficient in the third column. *, ** denote significance at 10% and 5% respectively.

S o u r c e : authors’ computation from Stata 10/1 outputs. 
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Table 2. Results of the DOLS estimations

ß (σβ ) R2

EGYPTH

Model (3.6)

(3months ; 6months)

(6months ; 12months)

Model (3.7)

(3months ; 6months)

(6months ; 12months)

0.3530 (0.2197)

0.8960 (0.6058)

0.3451 (0.2128)

0.8766 (0.5931)

0.1987

0.1093

0.1987

0.1084

GHANA

Model (3.6)

(3months ; 6months)

(6months ; 12months)

Model (3.7)

(3months ; 6months)

(6months ; 12months)

-0.3046 (0.3108)

0.0547 (0.2449)

-0.2812 (0.3044)

0.0827 (0.2696)

0.0769

0.0745

0.0728

0.0751

KENYA

Model (3.6)

(3months ; 6months)

(6months ; 12months)

Model (3.7)

(3months ; 6months)

(6months ; 12months)

0.0366 (0.1699)

0.2806 (0.2605)

0.0323 (0.1528)

0.2653 (0.2449)

0.3846

0.0223

0.3743

0.0256

NIGERIA

Model (3.6)

(3months ; 6months)

(6months ; 12months)

Model (3.7)

(3months ; 6months)

(6months ; 12months)

-0.2511 (0.0533)**

-0.2100 (0.0900)**

-0.2740 (0.0543)**

-0.2376 (0.1059)**

0.1602

0.1046

0.1593

0.0998

SOUTH AFRICA

Model (3.6)

(3months ; 6months)

(6months ; 12months)

Model (3.7)

(3months ; 6months)

(6months ; 12months)

0.0672 (0.0583)

0.1755 (0.1039)*

0.0660 (0.0560)

0.1712 (0.1005)*

0.3414

0.3299

0.3397

0.3298

N o t e : Mean (standard deviation) of the regressor coefficient in the second column and determi-
nation coefficient in the third column. *, ** denote significance at 10% and 5% respectively.

S o u r c e : authors’ computation from Stata 10/1 outputs. 
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In Nigeria and South Africa even though the results are the same irrespec-
tive of the model used, they are slightly different with respect to the estimation 
method used. Indeed, DOLS results are more significant than FMOLS results in 
Nigeria, while they are different in the matter of significance in the Republic of 
South Africa. 

In Nigeria, the observed difference of the value of the coefficients can be ex-
plained by a strong persistence in the spread at the end of the series. The sam-
ple size thus plays a role here, since observations are 82 for the FMOLS and 76 
for the DOLS. This is because the DOLS add more differenced lags and lead than 
the FMOLS. Since DOLS is supposed to be more consistent than the FMOLS, we 
have to conclude that the implicit forward rate have a significant predictive 
power in Nigeria. But, since the direction of that prediction is not the one ex-
pected, one could conclude that operators should not rely on the prediction of 
the forward rate to have an idea of what would interest rate be in the future. 
This result suggests that operators on the market in this country are more irra-
tional in their expectations, and that is the conclusion of Hardouvelis (1994) in 
United-States, even though he used a VAR model of Campbell and Shiller (1991) 
to confirm it. 

In the Republic of South Africa, while the FMOLS and DOLS results are 
slightly the same in term of coefficient values, they are different in term of sig-
nificance. The model of 3 months and 6 months rates is significant with FMOLS, 
while the model of 6 months and 12 months rates is not. The results are the in-
verse with the DOLS. This could also be explained by strong persistence in the 
variables. In that context, the sample size would play a role here too. The DOLS 
being more consistent than the FMOLS, if we consider a threshold of 5%, we 
have to conclude that the predictions of the implicit forward rate are irrelevant 
in the Republic of South Africa. This conclusion is the same for the FMOLS if 
we consider the determination coefficient. Therefore, operators on that market 
should not rely on the predictions of the implicit forward rate. 

 Conclusion

The purpose of this study was to verify the predictive power of the implied for-
ward rate of the term structure of interest rates in Africa. Data from Egypt, 
Ghana, Kenya, Nigeria and the Republic of South Africa were used to this end. 
A modified version of the yield term premium and the forward term premium 
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models of Shiller and McCulloch (1990) were used to test the predictive power 
of the implicit forward rate, rather than the rational expectations hypothesis. 
We both used FMOLS and DOLS estimators, since they are more consistent than 
OLS with non-stationary series.

The results of this study show that the implicit forward rate does not have 
a significant predictive power in the African countries considered. As a recom-
mendation, economic agents operating in these countries should not rely on 
the predictions of the implicit forward rate in their decision making. Indeed, 
it would be difficult to make relevant forecasts of the evolution of economic 
conditions based on a hypothetical general equilibrium relationship between 
short-term and long-term rates in these countries, since the markets under 
consideration are not in a situation of general equilibrium. A direct implication 
of this observation is the fact that an operator could take advantage of this situ-
ation of absence of general equilibrium on these markets to optimise his spec-
ulative and arbitrage gains between the short run and the long run. A group 
of operators applying the same optimisation strategy could thus have a sig-
nificant influence on the supply of financing for agents in need of financing in 
the different segments of the market (long term and short term). Furthermore, 
by extrapolation, the results of this study reveal that a shock occurring in one 
market segment (such as a change in monetary policy in the short term) would 
have a marginal effect on the other market segments. In other words, the inter-
est rate formation process would depend exclusively on the conditions of sup-
ply and demand for capital in each market segment in these countries. 

Concerning interest rate predictability, it would be interesting to study 
the dynamics of interest rates in each segment before concluding that interest 
rates in these African markets are unpredictable. In that logic, one could be in-
terested in studying if the VAR predictions of Campbell and Shiller (1991) could 
be more accurate. 
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Webography

Countries Links toward the central banks data’s*

Egypte http://www.cbe.org.eg/en/Pages/default.aspx

Ghana https://www.bog.gov.gh/index.php?option=com_wrapperandvie 
w=wrapperandItemid=231

Kenya https://www.centralbank.go.ke/

Nigeria http://www.cenbank.org/Functions/export. 
asp?tablename=securities

RSA https://www.resbank.co.za/Research/Statistics/Pages/ 
OnlineDownloadFacility.aspx

* Last consultation the 30 June 2017.


