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Abstract

The literature investigating the relationship between stock market returns and inflation is
long and has produced diverse findings. This thesis examines the nature of stock—
inflation relations in Sub-Saharan countries whose stock markets were established before
1992. Evidence in this thesis shows that in the short term there is a positive relationship
between stocks and inflation. Using the Johansen (1988) evidence, a long-run stock—
inflation relationship is confirmed only in Nigeria and South Africa, where it is found to
be negative. However, accounting for structural breaks provides evidence for a long-run
relationship in Botswana, Ghana and Kenya. The evidence of the effects of regimes in
the relationship is further supported by a nonparametric cointegration analysis which
finds a long-run relation in countries where the Johansen (1988) method had failed.
Unexpected inflation is also found to be related to stock returns in Botswana, Ghana,
Kenya, Nigeria and Mauritius, which raises concerns about the use of month-end stock
data in analysing this relationship. The thesis confirms the existence of hidden inflation
in Kenya, Mauritius, Nigeria and Zimbabwe. Imported inflation, interest rates and the
exchange rate are found to have useful information about inflation movements in Sub-

Saharan Africa.
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Executive Summary

The view that equities are a good hedge against the inflation rate to ensure real assets are
maintained is plausible. However, empirical evidence has produced varying findings, with
the negative relationship between stock market returns and inflation a worrying factor, as
it infers the erosion of real values over time. Three main theories have tried to explain
the nature of the relationship: first, an economic theory by Fisher (1930) hypothesised a
positive relationship based on the understanding that assets ought to maintain their
values against inflation. Second, Fama (1981) introduced the proxy hypothesis that
sought to explain why stock market prices and inflation have a negative relationship and
attributed it to an indirect relationship between both variables and economic activity.
Third, Modigliani and Cohn (1979) attributed the negative relationship to inflation
illusion, and thus the use of nominal interest rates by irrational investors to discount real
cash flows. These theories and supporting evidence have been tested in all continents
expect Africa, and this thesis provides evidence within the Sub-Saharan context. The
thesis uses 20-year data from February 1987 to January 2007 where available, and
considers the Botswana, Ghana, Kenya, Mauritius, Nigeria, South Africa and Zimbabwe
stock markets which were operating before 1992. Econometric techniques are used to
determine the short— and long—run relationship between stocks and inflation with the

cointegration methods providing useful information for the conclusions thereof.

The results show that there is a relationship between stock market returns and the
inflation rate in Sub-Saharan Africa. The nature of this relationship cannot be confirmed
as positive or negative, given that a number of factors contribute to the nature of the
relationship. First, in the short run, the relationship is found to be negative, while a
positive relationship is observed when long—term techniques and data are considered.

Second, the presence of structural breaks that typify the existence of different regimes

@9@
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has the tendency to affect the nature of the relationship, particularly in that the direction
of causality is not maintained before or after the break. The effects of the causality
changes are the presence of a long—run relationship in countries where the Johansen
cointegration techniques failed to confirm it. Third, the presence of different regimes
questions the linearity of the relationship, and a test using a nonparametric kernel
regression confirm nonlinearity in the relationship. Using the nonparametric
cointegration method developed by Bierens (1997), a long—run relationship is confirmed

in countries where the linear Johansen cointegration method failed.

An interesting finding about the relationship between stock returns and inflation is a
significant relationship between stock market prices and unexpected inflation. These
results indicate that stock market data at month end does not contain all the information
about inflation expectations; thus the nature of the relationship could be altered at
inflation announcement date. To arrive at inflation expectations which are used to
calculate unexpected inflation, variables that have useful information about the inflation
rate are determined through the analysis of forecasting results. The evidence in Sub-
Saharan Africa shows that imported inflation, interest rates and the exchange rate have
useful information about the movements in the inflation rate in the continent, and this is
worrying since most countries review their inflation baskets every five years. There is also
evidence that Sub-Saharan Africa inflation figures are not accurate, given the presence of
unofficial inflation. Moreover, when poverty increases, indications in this thesis are that

food weights ought to be reviewed lest the basket fails to reflect household expenditure.
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CHAPTER ONE

INTRODUCTION

The essence of investment is to attain a reasonable return while preserving its purchasing
power. To preserve the purchasing power of an investment while earning a reasonable return
calls for such an investment to attain returns which are above the inflation rate lest the value of
the investment is eroded over time, compromising its purchasing power. The economic
framework that defines this plausible setting within the investment realm is a product of the
theory by Fisher who sought to explain the relationship between asset returns and inflation.
According to the Fisher hypothesis (Fisher, 1930) asset return should at least match the
inflation rate to preserve its real value, if not move positively compared with it. This theoretical
reasoning also means that stock market returns have a positive relationship with the inflation
rate, a position that has been supported empirically by Boudoukh and Richardson (1993) for
the United Kingdom (UK) and the United States of America (USA), using data between 1802
and 1990. In their study of 16 industrialised countries, Ely and Robinson (1997) concluded that
stock market prices maintain their value in the face of inflation. In high inflation countries,
Choudhry (2001), who used stochastic structural tests, provided evidence for a positive stock—
inflation relationship. When analysing different sectors within the UK stock market, Luintel
and Paudyal (2006) established evidence to support the Fisher economic theory, which is also

known as the ‘Fisher effect’.

In light of extensive research on the stock—inflation relationship, the above plausible support

for the Fisher effect only cements the continuously conflicting empirical evidence on this
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relationship. These inconsistencies in the findings became apparent in the 1970s when this
logical explanation for the stock—inflation relationship failed empirical tests (Nelson, 1975;
Jaffee and Mandelker, 1976; Bodie, 1976; Fama and Schwert, 1977; Modigliani and Cohn,
1979), as investors found this to be far from the truth since, in the short and intermediate
term, stock prices were negatively related to inflation (Sharpe, 2002). Research on the
relationship between stocks and inflation from then on concentrated on finding theoretic
reasoning behind the evidence of a negative relationship. Feldstein (1980) argued that the
taxation—inflation relationship played a pivotal role in influencing the stock—inflation
relationship. However, this interpretation for the negative findings did not hold as it became
apparent that the evidence was also found in other countries (Gultekin, 1983) which had

different tax regimes from those of the USA.

The more logical reasoning for a negative stock—inflation relationship was attributed to the
independent effect of real economic activity on stock price and inflation, with Fama (1981)
arguing that the direct relationship between these two variables was spurious and could only be
explained by the inferred (Proxy) arrangement between them and economic activity. Geske
and Roll (1983) showed evidence that the spurious negative relationship between stock prices
and inflation is driven by a chain of macroeconomic events which result in a higher rate of
monetary expansion. The decrease in economic activity which negatively affects stock prices
results in expected growth in money supply, and thus large increases in inflation (Stulz, 1986).
James, Koreisha and Partch (1985) found evidence that stocks signal changes in both real
activity and in the monetary base, which suggests a link between money supply and real activity

(Lee, 1992). Emerging market evidence is also provided by Spyrou (2001), who used the
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regression models as well as cointegration techniques to arrive at his research conclusions.
Boucher (2006), however, criticised the Proxy hypothesis and failed to find justification and
support for the Fama generated explanation for the impact of inflation on stocks. Ram and
Spencer (1983) also questioned the rationale of the view that inflation and real activity are
negatively related in the Proxy Hypothesis, given the Phillips curve which hypothesises positive

relations.

Modigliani and Cohn (1979) attributed the negative relationship between stock prices and
inflation, to inflation illusion, which states that the negative relationship between inflation and
stocks is a result of the use of nominal interest rates by irrational investors to discount real
cash flows. Cohen et al. (2005) state that this behaviour of investors is due to the difficulty in
estimating long—term future growth rates of cash flows, while Akerlof (2002) notes that the
cost of incorporating inflation in forecasting earnings is too high relative to the benefits of
improving the accuracy of the forecast. The end result is that investors fail to incorporate the
effect of inflation on nominal dividend growth rates (Campbell and Vuolteenaho, 2004;
Chordia and Shivakumar, 2005; Basu et al., 2005) and thus extrapolate historical nominal
growth rates during inflation. Ritter and Warr (2002) outline four areas that make up the logic
behind the inflation illusion hypothesis and these are: the debt capital gains error, the capital
rate error, disintermediation and the valuation errors in the literature. The capital rate error
relates the yield on stock prices to the yield on nominal bonds (Campbell and Vuolteenaho,
2004), and this relationship is now commonly known as the ‘Fed Model’ of stock pricing
(Estrada, 2009). Estrada (2009) notes that this negative relationship between the stock market

price—earnings ratio and government bond yields seems to have become conventional wisdom
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among practitioners. Campbell and Vuolteenaho (2004) state that practitioners argue that bond
yields plus risk premium equate to nominal yield on stocks, and that actual stock yield tends to
revert to this normal yield. However, Asness (2003) feels that the model erroneously compares

the real magnitude of the earnings—price ratio to nominal government bond yields.

The above synopsis of literature between stock prices and inflation demonstrates the lack of
common ground on the nature of the relationship as well as the theoretic reasoning applied to
the relationship. Moreover, though Choudhry (2001) looked at the relationship in high
inflation countries of Latin America, no one has looked at high and volatile inflation countries
of Sub-Saharan African was identified. Most African stock markets are young and illiquid; thus
analysing their relationship to the inflation rate brings a new dimension to the debate, more so
as they experienced economic adjustments during the period of this data analysis. The
presence of economic adjustments has the tendency to create structural breaks in the data and
change the equilibrium plain in a relationship, and this will provide an interesting element to
the analysis of stock—inflation relations. In short, the hypothesis of this thesis is: There is a
relationship between stocks and inflation in Africa. Having established that such a relationship
exists, the thesis will then explore this relationship with a view to ascertain if there is
consistency within the continent, thus contributing to the current debate as well as filling a gap

in the current literature.

Unlike other factors that influence stock market returns, inflation is usually announced
monthly, and data for its calculation is predominantly collected over a period, with most prices

estimated from monthly investigations carried out between the fifteenth and the end of the
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month. However, research to date has looked at the relationship between inflation and stocks,
ignoring the fact that there is a gap between the month end and the announcement date and,
as Gultekin (1983) points out, inflation figures are not end-of-month ones like stock price
indices; their various components are measured at different times of the month and public
announcements not made until almost the second half of the month. This concern on the use
of month—end stock prices is further escalated by Adam, McQueen and Wood (2004), whose
research on USA daily prices showed that stock market prices respond to inflation on the
announcement date. This thesis will tackle this challenge within the African context, given that
the evidence by Amihud (1996) also showed a statistically significant relationship between
unexpected inflation and month—end stock prices. The significance of this relationship is that
inflation expectations at month end are not fully incorporated into stock market returns hence
doubt is placed on the rationale of using month end stock market data to establish the
relationship. Interest rates have been used in previous research as a proxy for expected
inflation. However, in this thesis there is recognition that inflation forecast models provide the
best approach to forecasting inflation in Africa, which is another under-researched area. The
results for the best models to forecast inflation in different countries is then used as a measure

for inflation expectations.

Another research question, within the African context, that affects the analysis of inflation—
stock relations is the accuracy of the inflation data. Using month end data is partly premised on
the market efficiency beliefs which acknowledge that at month—end stock prices would already
have contain information about the inflation rate. Now, if the inflation rate is inaccurate then

there will be concerns about the relationship because stock prices would have incorporated
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accurate information which is not what is officially announced; hence the need for inflation
announcement dates’ stock data. Inflation accuracy or the existence of unofficial inflation can
be determined by the presence of hidden inflation or repressed inflation. The latter was looked
at by Munoz (2006) in the Zimbabwean context; thus this thesis will explore the hidden
inflation component of unofficial inflation. While the presence of hidden inflation in Africa
could raise questions about the robustness of the results, especially when month—end data is
used, the use of the cointegration method that incorporates the vector autoregressive (VAR)
system erases these concerns. The VAR system includes lagged values, and since the month—
end disequilibrium is corrected every announcement date, the effect of hidden inflation on the

stock—inflation relations is eliminated over time.

1.1 Thesis aims and objectives

The main aim of this thesis is to ascertain if there is a relationship between stocks and inflation

in Sub-Saharan African. Having established such a relationship exists, the thesis will examine

the nature of such a relationship, and this investigation will entail fulfilling the following
objectives:

1.1.1 To determine current literature on the relationship between inflation and stocks with a
view to ascertaining the current arguments and the economic theory that underpins the
relationship.

1.1.2  To ascertain the accuracy of African official inflation rates, since this data is to be used
to determine if stocks have a relationship with inflation. Any inaccuracies compromise

the robustness of the findings.
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1.1.3 To establish models that would best forecast inflation in Africa, mindful that the
requirement to determine the relationship between inflation and stocks in the financial
sector is premised on the need to make prudent stock market strategies in light of
pending inflation movements.

114 To examine factors that influence the nature of the relationship between the stock
market and inflation.

1.15 To determine the linearity of African stock—inflation relations and, where non-linearity
is detected, to establish if non-parametric long-run econometric tools provide better
results.

Each chapter in this thesis will explore the above objectives with a view to providing support

for the acceptance or rejection of the thesis hypothesis. In addition, the expectations are that

answers to the objectives will reflect the contribution of this study to current literature, both

on the relationship between stocks and inflation, and on finance in general.

1.2 Expected beneficiaries

Information on the relationship between the stock market and inflation in Africa is important
to academics, investors and policy makers. Academics, whose current literature is contradictory
and torn between various schools of thought, will benefit from the wide, dynamic approach
and analysis of this research, since it will use new and long-run data sets as well as a variety of
empirical econometric techniques including both linear and non-parametric cointegration
methods. The thesis will examine if there is a difference in the relationship between the short-
and long—term data with a view to confirming research findings that suggest that the length of

data used in the analysis has a bearing on the results. Furthermore, the research will focus on
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the importance of structural breaks in exploring the relationship, with a view to establishing a
set of rules that could be used, thus contributing to current literature and academic work. The
findings from the analysis will assist future research and provide a better understanding of why

the relationship has, to date, produced conflicting results.

Information on the nature of the relationship between the stock market and inflation is also
vital to international and local investors, as well as investment intermediaries who have to use
it for their investment strategies. While there is disagreement on the inflation—stock relations,
there is considerable theoretical and empirical evidence that there are many factors that
influence the movement of stocks, and this is useful to investors. These factors range from
micro factors which affect individual companies to macro factors that are mostly driven by
government policies and affect the entire stock index. Monetary policy, which is one of the
main government policy frameworks that affect stock prices, is now driven by inflation
targeting (Bernanke and Mishkin, 1997; Benigno, 2004), hence the importance of inflation. In
addition to this indirect influence which inflation has on the stock market, it also affects stock
investors through its effect on the calculation of real stock returns. While most African
markets are young and small, the high returns and negative correlation with major markets has
provided international investors with alternative investment options for their diversified

portfolios.

One reason for wanting knowledge about short— and long—term inflation—stock relations is to
ensure market positioning by investors and investment intermediaries in the case of pending

inflation surge or dip. Decisions about further investment, withdrawal and retaining
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investment levels could thus be made in light of knowledge about the impact inflation will
have on stock and, where appropriate, on the advice given to the investor by intermediaries in
line with future stock expectations driven by pending inflation movements. In particular,
intermediaries’ understanding of how inflation influences stocks might be pivotal in ensuring a
competitive edge over other market players, as Branch (1976) also notes that there is a
relationship between inflation and subsequent stock market performance. Consequently,
looking into the future through forecasting inflation becomes part of what drives interest on
the relationship between the two, as the knowledge about inflation movements provided by
forecasting aids stock market stakeholders to act consistently with both the forecast know-how
and researched evidence of the relationship. It is within this context that Chapter 5 of the
thesis will endeavour to explore the forecasting of inflation in sub-Saharan Africa as part of the
reasoning behind understanding the impact of the same on stocks, without which investors be

taking a hopeless leap in the dark.

Policy makers are big players in the drive to bring inflation to satisfactory levels, and the
knowledge about inflation’s impact on stock prices could influence their decisions, as stock
markets affect production levels, investment and reaction to interest rates which is an integral
part of many monetary policies. This thesis looks at the presence of unofficial inflation,
thereby helping policy makers to come up with measures to ensure an accurate announced
inflation rate. Forecasting inflation findings also helps government appreciate which economic
variables have useful information about the inflation rate, and such information can then be

used to regulate its movement, especially in an inflation—targeting regime.
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1.3 Scope of the research

This research, which is in the area of financial econometrics, will explore the relationship
between stock market returns and inflation in Sub-Saharan Africa. The thesis will use twenty
years of monthly data from February 1987 to January 2007, where available, for Sub-Saharan
African countries. Where the twenty-year data is not available, the earliest available data will be
used in pursuit of the general research objectives. There are forty-five countries in Sub-Saharan
Africa, of which 18 have active stock exchanges (including one regional exchange in West
Africa). However, there are only eight that were established before 1992. Given that the
research will also look at long—run stock—inflation relations, and that the main empirical
techniques (cointegration) to be used require long—term data for reliable results. The thesis will
therefore consider countries whose stock markets were functional prior to December 1992. In
this regard, the research will investigate inflation—stock relations in seven countries, namely
Botswana, Ghana, Kenya, Mauritius, Nigeria, South Africa and Zimbabwe. Namibia is the only
country to be excluded from this list because the consumer price index in the country changed
from the Windhoek consumer price index to a national index, and there is no index that
incorporates both data; hence the exclusion of Namibia from the scope of this data. Since Sub-
Saharan African countries have in recent years been characterised by financial market reforms,
and high and volatile inflation rates, these factors could bring a different dimension to the
debate on the inflation—stock relations, especially as this relationship has not been looked at to
date in this region. Using relatively volatile inflation data in Africa might also provide a clearer
view of how stock market returns respond to inflation shocks. Thus, if there is either a defined
positive or negative relationship, alternatively as noted by Graham (1996), if regimes and

structural breaks have more influence on the nature of the relationship.
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1.4 Research synopsis

Given the above thesis aims and objectives, this research will adopt a linear structure with four
levels as noted in Fig 1.1 below. This chapter introduces the research, after which the research
methodology is explored and then the research objectives. After the first two chapters, the
next chapters mirror research objectives, of which the first three are not directly linked.
Research objective 1.1.1 is looked at in Chapter Three, which intends to bring to the fore an
update on research relating to the relationship between stocks and inflation; this is done
through a review of past and present debates on the relationship. Currently, three main
theories are still debated and these are the Fisher economic theory, the Proxy hypothesis and
the inflation illusion hypothesis. The inflation illusion hypothesis has gained prominence in
recent years owing to limited empirical support for the Fisher theory and proxy hypothesis.
The expectations from Chapter Three are to confirm the lack of research on this relationship

within the African context.

Hidden inflation is considered in Chapter Four which addresses objective 1.1.2 and seeks to
ascertain if the announced African inflation rate, to be used later in the thesis, is accurate. The
accuracy of the inflation rate is considered through the use of the hidden inflation approach, a
concept used to determine the presence of unofficial inflation. Evidence from this chapter
confirms the presence of hidden inflation in Kenya, Zimbabwe and Mauritius. Unfortunately,
the analysis could not be extended to Botswana and South Africa owing to data constraints.
The findings are unique, as they provide the first empirical evidence of the existence of hidden

inflation in Africa.
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Figure 1.1 Research structure
Chapter Five will look at forecasting the inflation rate in Africa, and this tackles objective 1.1.3
of this thesis. The motivation behind this chapter is based on the understanding that the desire
for knowledge about the relationship between stocks and inflation is to ensure market
positioning in the face of inflation. Hence the chapter provides the tools for predicting the
inflation rate within the African context. The general findings in this chapter show that
multivariate and bivariate models have more power in predicting the inflation rate in Africa
than their univariate counterparts. Imported inflation, interest rates and the exchange rate
provide useful information about forecasting inflation in Africa. These findings are a
contribution to the literature on forecasting of the inflation rate, as they provide a wider
African context. Furthermore, the results provide policy makers in the continent with variables

that could be useful in moderating the rate as well as a platform for inflation targeting.
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Chapter Six presents the evidence on the nature of the relationship between stocks and
inflation in Sub-Saharan Africa using linear techniques. In line with objective 1.1.4 of this
thesis, the chapter considers factors that could influence stock—inflation relations, including the
effects of structural breaks in the data. The chapter demonstrates that stock returns and
inflation are related in the long run, but that this relationship depends on a number of factors
and conditions. When establishing the nature of the relationship, there is a need to ascertain if
such a relationship is sought for short— and long—run analysis. Unexpected inflation is also
found to have a relationship with stock returns and this raises questions about the use of
month—end stock data, since this would not have accounted for all inflation expectations.
Failure to capture all stock expectations indicates that stock prices would move at
announcement date, and such movement will be influenced by whether the inflation rate is
above or below the market expectations. The effects of structural breaks and regime switch are
also found to influence the nature of the relationship. Thus Chapter Seven investigates the
linearity of the relationship. Linearity tests show evidence that the relationship between stock
returns and inflation is not linear in most of the African countries studied and, using a
nonparametric cointegration test that captures nonlinearity, a long run relationship is
confirmed where linear techniques had failed to confirm this. Chapter Eight presents the

conclusions and recommendations based on the empirical findings contained in the thesis.
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CHAPTER TWO

THESIS METHODOLOGY

2.0 Introduction

This chapter will explore the methods adopted in order to answer the research questions noted
earlier. The research adopts mainly a quantitative approach, where time series data is reviewed
and analysed to arrive at the thesis conclusion and inferences about the nature of the
secondary data and its interaction. The secondary data used in the following empirical chapters,
including its sources, is presented in each of these chapters. This chapter deals with how the
collected data is processed and used to arrive at research conclusions. Before describing the
processing of the data in the empirical chapters, the data will be summarised in terms of
descriptive statistics where figures corresponding to measures of central tendency and

dispersion such as the mean, maximum, minimum and skewness.

The first part of processing the data will involve transforming it into seasonally adjusted
figures. This is to aid relating time series data to achieve month—to—month comparability of
the series, since seasonality can obscure the relationship (Bell and Hillmer, 1984), especially in
short—term analysis and forecasting. Census X-12, an improvement from the initial Census X-
11 developed by the US Bureau of the Census, is used on all the time series data before they
are related with each other. This seasonal adjustment technique is based on software which has
evolved from the 1950s to the Census X-12 of the late 1990s. Seasonally adjusting this data

has, however, been criticised (Roberts, 1978; Plosser, 1978), as it looses important data for the
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series, with Watts (1978) noting that the aim of time series model building is to develop
forecasting models that yield white-noise residuals. Thus, opting for seasonal dummies during
the analysis is sometimes favoured over pre-analysis adjustments, since the latter looses

important white-noise residual information.

After the data has been seasonally adjusted, the next step in processing the data is to log it, and
this involves transforming the data using the natural logarithm. Logging time series data is
helpful when analysing data, particularly since data in this form is easier to work with. Possibly
the most important issue to consider for modelling time series data in modern times is to test
for stationarity of the collected data so that it is made ready for processing. According to
Brooks (2002), using non-stationary data can lead to a spurious regression where the results
can seem excellent and impressive, but in reality be worthless and without meaning. Moreover,
the standard assumptions in a non-stationary series may not be valid, as the usual t-ratio and f-
ratio will not follow their distribution. A stationary series has a constant mean, constant
variance and constant autocovariances for each given lag. In this regard, it is imperative to
carry out the stationarity test first, before modelling, and thus this step constitutes part of the
data processing for this research. To test for stationarity, many approaches are advocated, from
those that test if a series has a unit root, such as the Augmented Dickey Fuller test and the
Phillips—Perron (1988) test, to ones with a hypothesis of stationarity developed by

Kwiatkowski, Phillips, Schmidt and Shin (1992).

The remainder of this chapter is structured as follows: Section 2.1 presents the unit root tests

that will be used in this thesis; Section 2.2 the Granger causality tests; Section 2.3 cointegration
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tests; and Section 2.4 impulse response and variance decomposition. Structural breaks are
considered in Section 2.5; while nonparametric kernel regression is looked at in Section 2.6;

and nonparametric cointegration test of Bierens explored in Section 2.7.

2.1 Unit root tests

As noted above, non-stationary series yield “spurious regression” or “nonsense regression”
where two series have no relationship but when regressed on each other the standard statistics,
i.e. R? and t-statistic, will suggest that there is a linear relationship (Cuthbertson, 1996). Thus
the standard statistics in this case are misleading, and this might be caused by the fact that the
coefficients of the regression do not follow the acceptable standard distributions. One way of
determining if a series is stationary or not is to observe the line graph of the series, and if the
graph revolves around the mean one may conclude that the series is stationary. Koop (2000),
however, notes that deterministic trends can yield time series plots that closely resemble those
from non-stationary models having a stochastic trend. Thus, “looking” at time series plots
alone is not enough to tell whether a series has a unit root; hence unit root tests have to be
conducted to ascertain stationarity. According to Brooks (2002), if a non-stationary time series
y, must be differenced d times before it can become stationary, then the series is said to be
integrated of order d. In an autoregressive model (AR) of the form:

Y, = +dy,; +¢€ 21

where « is the constant, ¢ is the coefficient of y a period back and e, is the error term, Koop

(2000) states that the following determines whether a series is stationary or has a unit root; If
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¢ =1, then y has a unit root, however if |¢| <1then yis stationary. So, if y has a unit root,

then the first difference of y will be stationary when yis an AR(1).

According to Maddala (2001), unit root testing in the 1980s was a topic which most
econometricians devoted their energies to. Early pioneering work on unit root testing is
attributed to Dickey and Fuller, whose basic objective was to examine the Null hypothesis that

¢ =1 in a white—noise process of the form (Brooks, 2002):
Yo = ¢yt—1 + U, 2.2
where u, is an error term. The one-sided alternative hypothesis is that¢ <1. Brooks states

that the Dickey—Fuller (DF) tests are also known as r—testst,z,,z, where the second and the

third tests, 7,7, are the same as the first, except that the second allows for a constant while

the third allows for a constant and deterministic trend. The problem with this test is that it
assumes that the error term follows a white—noise process and is thus not autocorrelated.

However, Brooks (2002) notes that if there was autocorrelation in the variable y, in Equation

2.2, then the error term u, is also expected to be autocorrelated; thus the test will be oversized

compared to the ordinary significant levels. To address this problem, the test is augmented by
using lags of the dependent variable; however, the optimum number of lags to be used creates
another problem which might compromise the robustness of the test results. Another test to
be considered here is the Philips—Perron (PP) test, which also tests for unit root presence
within a series. This test is similar to the Augmented Dickey—Fuller (ADF) test, but it
incorporates an automatic correction to the DF procedure to allow for autocorrelated residuals

(Brooks, 2002).
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The main problem in using the ADF and PP unit root tests is that these tests have low power
particularly for a small sample size and when the series is border stationary with a ¢
coefficient close to 1. According to Brooks (2002), under the classical hypothesis testing
framework, the Null hypothesis (H )is never accepted, it is simply stated that it is either
rejected or not rejected thus, a failure to reject the Null hypothesis could occur because of the
following: first, the Null was correct; second, there is insufficient information in the sample to
enable rejection. To address this problem Kwiatkowski, Phillips, Schmidt and Shin (1992)
developed a stationarity test whose Null hypothesis is that the series is stationary. The
following four outcomes for this test are noted by Brooks (2002) and for the conclusions to be
robust, the results should fall under outcomes 1 or 2:

1. Reject H, and Do not reject H,
2. DonotReject H,  and Reject H
3. Reject H, and Reject H,

4. Do notreject H and Do not reject H

In this thesis the aforementioned tests will be used. When testing for stationarity at levels, tests
will be done for an equation that includes an intercept only and another with both a trend and
a constant while for first difference series the above tests will be done without trend and

intercept as well as with only an intercept.

2.2 Granger causality tests

According to Patterson (2000), the central idea in this test is that a variable is not Granger
caused by another if its optimal predictor does not use information from that variable. If there

are two vector autoregressive systems of the form:
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k k
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in which Y, depends upon lags of itself and that of X, and symmetrically X, depends upon lags

of itself and the lags of Y, (Patterson, 2000). The hypothesis for the Granger causality test for

Y is Hyia, =a, =---=a, =0 and if this hypothesis is not rejected, then X, Granger
causes Y,. Similarly, the rejection of the Null hypothesis
H,: By =B, == B, =0indicates that Y, does not Granger cause X,. Patterson (2000)

notes that the errors ¢, and ¢, may be contemporaneously correlated, so that a shock to one
of the equations has a “ripple” effect on the other equation. According to Wooldridge (2006),
the term “cause” in ‘Granger cause’ should be interpreted with caution, since it does not say

anothing about contemporaneous causality between Y, and X,; thus it does not allow for the

determination of whether X,is an exogenous or a endogenous variable in Equation 2.3.

2.3 Cointegration tests

Cointegration is a modern empirical technique whose use has grown in recent years primarily
to ascertain the degree to which variables are related in the long run. Granger first introduced
the concept in 1981 in his paper that sought to analyse properties of time series data.
According to Hendry (1995), cointegrated processes define a “long-run equilibrium trajectory”
for the economy, departures from which induce “equilibrium corrections” which then shift the

economy back towards its normal path. The introduction of cointegration was due to the
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realisation that most financial data is not stationary. Cuthbertson (1996) says regression models
from non-stationary time series variables result in spurious regressions, and since cointegration
deals with data with stochastic trends, it avoids this problem. If we consider a stochastic trend,

that is, a random walk with drift:

Y, =6, +Y, +¢& 2.5

X =B+ Xy +V, 2.6
where Y,and X, are independent variables, ¢, and v, are assumed to be serially and mutually
uncorrelated errors, 5,and [, are constants and t is time. When the above two random walk
processes are regressed we get:

Y, =0, +oy X, + 4, 2.7
where , is the error term, «, is the constant, and o, is the coefficient for the independent

variable. The expectation, according to Maddala and Kim (1998), is that R* will be zero.
However, owing to spurious correlation, this may not be the case, as shown by Yule (1926)
and then Granger and Newbold (1974). Cuthbertson (1996) says that R? and the t-statistic

from the “spurious regressions” or “nonsense regression” are misleading because R? is often
bimodal and the t-statistic for «, is not distributed as a student’s t distribution, and therefore
cannot be used to test the hypothesis for «,, a, and g,. Granger and Newbold (1974) also

point out that the R? in spurious regressions is more than the Durbin—Watson statistic and this

low statistic reflects the existence of serial correlation in the residuals.

For cointegration to exist two variables should be integrated to the same order, thus Y,and X,

should both be integrated to the same order, say, 1 (differenced once to be stationary) or more.
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Maddala and Kim (1998) say that Y,and X, are cointegrated if there exists a /S such that
Y, — BX, is integrated to order zero 1(0), and this is denoted by saying that Y,and X, are
CI(1,1). Over time, Maddala and Kim (1998) note that if Y, is I(d), thus integrated of order d,
and X, is I(d), then Y,and X,are ClI(d,b) if Y, —pBX,is I(d-b) with b>0. If b=0, then
Y, — pX,is I(d). Thus Y,and X, drift away from each other over time and, according to

Maddala and Kim (1998), any relationship between Y,and X, in this case would be spurious.

Thomas (1997) adds to this discussion by saying that cointegration is the statistical equivalent

of the existence of a long-run economic relationship between same order variables.

2.3.1 Estimation of cointegrated systems and error correction models

Unless otherwise stated, this section closely follows Maddala and Kim (1998), who suggest that
methods of estimating cointegrated systems fall into two categories, single equation methods
and system methods. Single equation methods, as the term suggests, are interested in

estimating one cointegration vector, while system methods consider cases of more than one
cointegration vector. Taking the above two variables Y,and X, which are I1(1), the following
can be the cointegration relationship, where g, is a stationary series:

Y, = BX, + 1, 2.8
Maddala and Kim (1998) present a number of issues that are related to this simple two—
variable model. First, the uniqueness of § that is, in a two variable case S in the cointegrating
regression Y, — X, is unique. Second, the superconsistency of g ; hence Stock (1987), after

Monte Carlo simulations and analysis of Ordinary Least Squares (OLS) and Nonlinear Least
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Squares (NLS), concludes that OLS and NLS estimators of the parameters of a cointegrating

vector are shown to converge in probability to their true values at a rate T °for any

positives . Thus B of B converges to its true rate at a superconsistency rate T instead of the

consistency rate T %°. This superconsistency property also holds in the case of several 1(1)
variables, where the OLS estimation of the cointegrating vector is considered.

Third, according to Banerjee et al. (1986), though [Ai’ is superconsistent, there can be substantial
small sample biases, and they suggest the estimation of the long-run parameter S by
estimating a dynamic regression rather than Y, = BX, + 1, which is a static regression.

Fourth, the fact that Y,and X, are cointegrated implies that they are related by an error

correction model (ECM), which measures short-run dynamics, while the cointegration
relationship gives the long—run relationship. Banerjee et al. (1986) say that the Engle—Granger

2—step procedure, which will be looked at later, involves estimation of S by OLS using the

above static regression, substituting this for g in the error correction model and then

estimating the ECM by least squares. The superconsistency of /Ai’assures that the two-step
estimators of the parameters of the ECM have the same asymptotic distribution as the ones

that one would get if S is known. Fifth, normalisation is the other issue for consideration, and
the abovementioned static equation is normalised in respect of Y,. If it is instead normalised
with respect to X, it would appear as:

X, =aY, +v, 2.9
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and the least squares estimator o of o will also be superconsistent. Since « =1/8, the

superconsistent estimator of S can be derived from 1/ &, and if R? from the equation is very

close to 1, then fi:l/&, which Hendry (1986) argues is the case with most economic
relationships but not all. Ng and Perron (1997) show that the least squares estimator can have
very poor finite sample properties when normalised in one direction, but can be well behaved
when normalised in the other, and this occurs when one of the variables is a weak random
walk or is nearly stationary. Ng and Perron (1997) suggest using the variable that is less
integrated as the regressand, hence the need to rank the variables by the spectral density at

frequency zero of the first differenced series.

2.3.2 The Engle-Granger 2-Step method

Engle and Granger (1987) developed a single equation technique, which is simplified by
Brooks (2002, pg 393-394) as follows:

Step 1

The first step to the two-step method is to ensure that the variables are integrated of order one
I(1) and this is done using stationarity or unit root tests. As noted above, if the variables are

not of the same order, then it would not be possible to proceed with cointegration. If both are

of the same order like Y,and X, in Equation 54 above, then estimate the cointegrating

regression using OLS. Save the residuals of the cointegrating regression ;ztand test these to

ensure that they are 1(0). If they are integrated of order zero, then proceed to the next step; if

they are I(1), then estimate a model containing only first differences.
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Step 2

Use the step 1 residuals as one variable in the error correction model of the form:
AY, = BiAX + B, (1, ,) + v, 2.10
where, ;zt_l =Y, - X,4. The linear combination of non-stationary variables that is

stationary is known as the cointegrating vector; in this case it will be[1,—z]. It is now valid to
perform inferences in the second-stage regression concerning the parameters pS,and

B3, provided there are no other forms of misspecification.

The Engle-Granger 2-step method, however, suffers from a number of problems, of which

Brooks (2002, pg 394-395) identifies the following:

a) It suffers from lack of power in the unit root and cointegration tests just like most finite
sample cases. This is a small sample problem, which should disappear asymptotically.

b)  There would be a simultaneous equation bias if causality between y and x runs in both
directions, while this single equation approach requires the researcher to normalise on
one variable. The researcher is forced to treat y and x asymmetrically, even though there
may have been no theoretical reason for doing so.

c) It is not possible to perform any hypothesis tests about the actual cointegrating
relationship estimated at stage 1. This problem is addressed by the Engle and Yoo 3-step
method, who add a third step to the above Engle-Granger 2—step method. The third

step entails giving updated estimates of the cointegrating vector and its standard errors.
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2.3.3 The Johansen procedure

This is a system estimation method based on the work of Johansen (1988), and later developed
by Johansen and Juselius (1990), to apply maximum likelihood inference concerning
cointegrating vectors in non-stationary vector autoregressive (VAR) models assuming

Gaussian errors. Consider the following VAR with k lags:
Y. =AY, +AY , +. . +AY, +U, 211
where t=12,....,T and Y, is an n-vector of I(1) variables. According to Brooks (2002), in

order to use the Johansen test, the VAR above needs to be turned into a vector error

correction model (VECM) of the form:

AY, =11Y, , + LAY, + LAY, , +. .+ LAY,y +U, 2.12

K i
where H=(2Aij—1 and T, =(2Ajj—1
i=1 =1

Since AY,,.....,AY, ., are all 1(0) but Y, , is I(1), in order that this equation be consistent, IT
should not be of full rank and if this rank is r therefore:

M=af 2.13
where o is an nxr matrix and S 'is an rxn matrix, and in this case then B, , are the r

cointegrating variables, S is the matrix of coefficients of the cointegrating vectors and ¢ has

the interpretation of the matrix of error correction terms. In this regard, Brooks (2002) notes
that the Johansen test centres on an examination of the IT matrix, which can be interpreted as

a long-run coefficient matrix. According to Maddala and Kim (1998), since cointegration is
interested in o and B, eliminate T,...,I,,. This is done by regressing AY, on

,AY, ., getting the residuals from this regression and calling them R, , then
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regressing Y, , on these same variables and calling the residuals from it R, . The ensuing
regression equation is reduced to the following multivariate regression problem:

Ry, =aB Ry +1U, 2.14

Seww S .
Let {SOO 01} be the matrix of sums of squares and sums of products of R, and R, .
10 11

Maddala and Kim (1998) point out that each of these matrices is of order nxn. Johansen

(1991), when presenting the likelihood methods for analysing cointegration in VAR models

with Gaussian errors, also “....... shows that the asymptotic variance of g R,is B X, B, the
asymptotic variance of R, is X, and the asymptotic covariance matrix of g R, and R,, is

B Y, where X, X, and X, are the population counterparts of S, S,,, and S,.”

(Maddala and Kim 1998, pg 166)

Johansen (1991) says this function is easily minimised for fixed S to give:
&(ﬁ) =S,,B(B'S,,B) " where aisan rxn matrix, 2.15

D(B) = Soo — S1oB(B'SB) " B'Sor,

L2 (B) =[Se — SeB(B'S:B) ™ B'S1o| which is the conditional maximum of likelihood

function. This is minimised by the choice[Ai’:(\All, ...... ,\A/r), where \7:(\71, ...... ,Vp)are
eigenvectors of the equation:

28, —S1,S0,Sa| =0 2.16
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According to Johansen (1991) this is normed by \7‘811\?=|and ordered by

/Ah > /Aiz > > /Aip > 0 and the maximum likelihood function is found from:

LT (r) =Se|TT, - 4) 217
According to Maddala and Kim (1998) the number of cointegrating relationships in the system,
r, is then chosen in the procedure by Lagrangle Multiplier (LM) tests to be described later,
which make use of the fact that if there are r cointegrating vectors, then n—r smallest
eigenvalues of the above equation are zero, and the corresponding r eigenvectors are chosen as
cointegrating vectors. Maddala and Kim (1998) say this way of imposition of n —r restrictions

in the system vyields an asymptotically efficient and optimal estimator of the cointegrating

vectors.

According to Brooks (2002), there are two test statistics for cointegration under the Johansen

approach, which are formulated as:

A (N = =T Y In(l- 1) and 2.18

i=r+l
A (£ 7 +1) = TIN(L— A1) 219

where r is the number of cointegrating vectors under the Null hypothesis and /Aii is the
estimated value of the i th ordered eigenvalue from IT matrix above. Maddala and Kim (1998)
say that the trace test tests the hypothesis that there are at most r cointegrating vectors, while
the maximum eigenvalue test tests the hypothesis that there are r+1 cointegrating vectors
versus the hypothesis that there are r cointegrating vectors. In this thesis both will be used,

despite the fact that Johansen and Juselius (1990) submit that the latter could be better. For the
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trace test, Maddala and Kim (1998) submit that the asymptotic distribution of the above trace

statistic is given by the trace of the stochastic matrix:

1 1 11

j(dW)W'UWW'dr] J'W(dW)‘ 2.20
0 0 0

where W is an (n—r) dimensional Brownian motion and in case there is a constant and/or a

trend term in the VAR model, the matrix is changed to:

1 (1 R

J'(dW)W‘UWW‘dr] jW(dW)' 2.21
0 0 0

where W is the demeaned or detrended Brownian motion. Critical values for the trace and the
maximum eigenvalue tests are provided by Johansen and Juselius (1990), and the complete set
was further developed by Osterwald—-Lenum (1992). Brooks (2002) notes that if the statistic is
greater than the critical value from the tables, reject the Null hypothesis that there are r

cointegrating vectors should be rejected in favour of the alternative that there are r+1 (for

A

trace

) or more than r (for A, ). This testing is conducted in a sequence and under the null,
r=01.....,n-1, so that the hypotheses for max are:

Hyo:r=0 versusH,:0<r<n

Ho:r=1 versusH, :1<r<n

Hy:r=2 versusH,:2<r<n....... until

Ho:r=n-1 versusH,:r=n

If, after the first test, the Null hypothesis is not rejected, Brooks (2002) says it can be

concluded that there are no cointegrating vectors, hence the end of the test. However, if
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H, :r =0 is rejected, the null that there is one cointegrating vector would be tested, then two,

and if it continues to be rejected then r is increased until the null is no longer rejected.

2.4 Impulse response and variance decomposition

The F-test results in a VAR will not reveal whether changes in the value of a variable have a
positive or negative effect on the other variable in the system, or how long it will take for the
effect of that variable to work through the system (Brooks, 2002). The impulse response and
the variance decomposition examinations will thus assist in the provision of such information.
Impulse response, Brooks (2002) argues, trace out the responsiveness of the dependent
variables in a VAR to shocks to each other of the variables, thus for each variable and from
each equation separately, a unit shock is applied to the error. The effects upon the VAR system
over time are then noted. To achieve this, a VAR has to be expressed as a vector moving
average (VARMA) model and for a system with k number of variables k?impulse responses

can be generated.

According to Patterson (2000), given two random variables Y,and X, the variance of Y, can be
given by:

Var(Y,) = E, {var(Y,|X,)}+Var, (E{Y,|X, ) 2.22
Thus the variance of Y, is the sum of the expected value of the conditional variance of Y, given
X, plus the variance of the conditional expectation of Y,given X,. In other words “........ the

left-hand side is the unconditional variance of Y, (that is the variance of marginal distribution),

30 =



Bekithemba Mpofu PhD Thesis

while the right hand side involves the conditional variance Var(Yt|Xt) and another term; it

emphasises that the unconditional variance and the conditional variance are not generally

equal.” (Patterson, 2000, p 72) Brooks (2002) states that variance decomposition gives the

proportion of the movements in Y, that are due to its own shocks compared to those that are

induced by X,.

2.5 Structural breaks

To identify a break in both the stock price and inflation series, a technique developed by Bai
and Perron (1998, 2003 a, b) is used. The test considers the estimation of multiple structural
changes in linear models and is considered an improvement to the classical test attributed to
Chow (1960). According to Hansen (2001), the Chow testing procedure splits the sample into
two sub-periods, then estimates the parameters of the model in each sub-period, after which
the two sets of parameters are tested using standard F-statistics to determine statistical
differences. The problem with this approach, though, is that the break point will have to be
known before the division for the subsets can be made. In identifying the break point, Hansen
(2001) considers two options, the first being an arbitrary choice of the break date. This
approach might result in the choice of a break date which is not accurate. The second option is
to use a known event or feature in the data to expose the break date; however even this
method results in a break date which might be inaccurate. Owing to the accuracy problems of
these tests, recent research has concentrated on the testing as well as the estimation of the time
and size of break points (Hansen, 1992; Banerijee ¢t al., 1992; Andrews, 1993; Bai, 1994, 19974;

Chong 1995; Bai and Perron, 1998, 20034, b).
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Hansen (2001) states that the least squares method is the appropriate approach to estimating
parameters in a regression model including break points; hence it is the basis of the break date
estimation technique developed by Bai (1994). Further development of the Bai (1994)
approach entailed the test for multivariate breaks of unknown break dates, a product of Bai
and Perron (1998, 2003a,b). McMillan (2007) summarises the method provided here and says
that the break test involves regressing the variable of interest on a constant and testing for

breaks within that constant, thus considering the model with m breaks:

X :ﬁj+gt ; t:Tj_1+1, ........ T, 2.23

for j=1....... ,m+1, where x, is the variable of interest and S,(j =1,......,m+1)is the mean
level in the jthregime; accordingly, the m-partition represents the break point for the different
regimes and therefore is treated as unknown. Each partition is estimated by OLS with the
estimate of S,(j =1,.....,m+1) generated by the minimisation of the sum of square residuals.

The procedure, McMillan (2007) notes, aims to identify the number of break points m, with
the testing procedure first assuming there is no break within the data against an alternative that

there are up to b breaks in the data.

2.6 Nonparametric kernel regression

Nonparametric kernel regression provides an alternative approach to the parametric methods
(Speight, 2002), and is based on the estimation of a probability density function initially

presented by Rosenblatt (1956). With this technique, which is a flexible functional form of a
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regression (Hardle, 1990), the conditional mean is drawn from a dense family of continuously

differentiable functional forms (Speight, 2002). Consider an equation of the form:
Yo = f (Xt—i) + & 2.24

where y, is the dependent variable, x, is a vector of regressors, f(x, ;)denotes the
unspecified function of the exogenous variables with f denoting the conditional expectations
of y, atgiven values of x,, and ¢, is the disturbance or the error term. If f(X) is greater than

zero and the joint density f (y, x) exists, then equation 2.24 can be written as:

f00 = [yIf (v, 9/ £(0)ldy 2.25
where f'(x) represents the density of x marginal to the joint density. The true function of x

can thus be determined if the data—generating process is known, for example in the case of a

bivariate normal density where p =1. Another case is when the expectation of y given x
thus E(y|x) is assumed, which is the case with a linear form taken by f (x). So an alternative to

this parametric approach is to estimate the joint and marginal density in Equation 2.25 directly
(Speight, 2002). However, the difficulty in estimating the function f (x), according to Duclos
and Araar (2006), is that typically there is no observed response of yin a sample at that
particular value of xand even if there is a response, there are rarely other observations with
exactly the same value of x that will allow computational reliability of the expected response.
The commonly used approach to this problem is the use of the kernel estimation, a density
estimation technique which uses weighted averages and requires no functional form

specification, as in Equation 2.26 below:
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Y, = zwjtxt—l ) zwjt =1 2.26

= i=1
where the weights accorded depend upon the proximity of the points y, to given x, , values.
Although a variety of weighting schemes are available, the scheme chosen in this thesis is one
of the more popular methods, namely the Nadaraya—Waston estimator (Pagan and Schwert,

1990; McMillan, 2001). The Nadaraya—Waston estimator is given by Equation 2.27:

fOx) = yik(w) /D k(w,);w; =(x; —x)/h;n:h, >0asn—>ow 2.27

i=1 i=1

where h; defines the scalar bandwidth or smoothing parameter which surrounds x;and

determines the degree of smoothness imposed upon the estimation, and depends on the

sample size n. The kernel weighting function is given by k(.)and, according to McMillan
(2001b), the kernel is a probability density function such that k(.) > 0and jk(y)dy =1, while

the optimum kernel function and the bandwidth selections minimise the integrated mean
square error (IMSE). There are various ways of choosing the kernel for implementing the
nonparametric estimator, and Speight (2002) notes that the popular choice is the
Epanechnikov kernel for k(.), a product of Epanechnikov (1969), which is an optimum kernel
from a calculus of variation solutions to minimise the integrated IMSE estimator. Equation

2.28 below shows the basis for the Epanechnikov kernel:
K(y,) = {i}[l—l yf} jif y? <5.0; otherwise, K(y,)=0 2.28
45 5

The general asymptotically unbiased and mean squares consistency of the kernel was

established by Rosenblatt (1969), then Prakasa Rao (1983), for the case of independent
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observations, and for the dependent observations it was introduced by Robinson (1983).

McMillan (2001) notes that more specifically, the estimator is consistent under the conditions

in Equation 2.29 regarding k(y) andh;, where all integrals are defined over the range
{~ 00,00}
[K(y)dy =1;[yK(y)dy =0; [y*K(y)dy <we; lim, ,h—0 lim, nh; —>c 229

That is, the kernel function K(y)is a twice differentiable ‘Borel-measurable’ bounded real-
valued function symmetric about the origin, the bandwidth vector happroaches zero as the
sample size approaches infinity, and the product of the bandwidth h;and the sample size

approaches infinity as n approaches infinity (Speight, 2002). The bandwidth h; above, which

is the optimum bandwidth that minimises the IMSE of f (x) for a variable j in x,, is given in

Equation 2.30 (Ullah, 1988; Speight, 2002):
h;’pt = CJ-GJ-n_(er‘W1 230

where o ;is the standard deviation of the j—thregressor such that j =1,......,p with pbeing
the number of regressors and c; referred to as a constant scaling factor that depends on the

kernel function K(.)and the underlying distribution of the regressors. According to McMillan
(2001b), nonparametric studies have imposed a value for cin accordance with that suggested
by Silverman (1986) to approximate the optimal choice of bandwidth, but the value of ¢ is
strictly data dependent, and hence the need to use an automatic bandwidth selection procedure
which has been seen to minimise the integrated mean square error. Equation 2.31 below is the

leave-one-out cross-validation procedure which is a recommended approach for this exercise
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to determine the appropriate (C;,h;):

eV () = YIy, - 6, hE)T 231

where f (x;,h(c)) is the estimate of the conditional mean after leaving out the
t — th observation, and h(c) is the vector of bandwidth calculated according to Equation 2.30
for various C; (Speight, 2002). Stone (1974, 1984) shows that, asymptotically, the vector of

scaling estimated factors cand the bandwidth that minimises the leave-one-out CV in

Equation 2.31 also minimises the IMSE.

2.7 Bierens nonparametric cointegration test

The Bierens nonparametric cointegration test is based on the solutions to a generalised
eigenvalue problem that is encountered by the Johansen method. Thus it is formulated on the
basis of two random matrices that are constructed without reference to the data generating
process (Davradakis, 2005). In particular, the method considers the following general

framework:

Z, =my+mt+y, 2.32
where 7,(qx1) is the optimal mean term, 7, (qx1) is the trend term and y, is the zero-mean
unobservable process such that the change in y,is ergodic and stationary. Apart from
assuming thatz,, generated from Equation 2.32, is an unobservable g-variate process for
t =1,2,....,n no further specification of the data—generating process is placed by this method

in respect of z,, thus making it completely nonparametric (Maghyereh, 2006; Chang, et al.
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2008). The technique is based on the generalised eigenvalues of matrices A and

(B, +n?A"), where A and B, are defined as:

!

:87;2ik (EZ (Zkﬂ(t 05)j } ( ZH:C (Zkﬂ(t 05)jt} 233

=1 1

ém = Zni (iicos(wj } ( Zn:c (Zkﬂ(t 0. 5)j zt}' 2.34
= \ng n

which are computed as the sum of the outer products of weighted means of z, and changes in
z,, where nis the sample size. To ensure invariance of the test statistics to the drift terms, the
weighted functions of cos(2kz(t—0.5)/n)are suggested. Similar to the properties of the
Johansen’s likelihood ratio test, the ordered generalised eigenvalues il,m > in’mthat are
obtained from this nonparametric test are the solution to the problemdet[P, — 1Q,]=0. In
order for this to happen, P, should be defined as P, = A_ andQ, = B_ +n?A*. Thus the
method can be used to test for the cointegration of rank r. To estimate r, Bierens (1997,
2004) suggested two statistics. The first statistic is the A_. =~ test statistic /{q_rolmto test for the

Null hypothesis r = r,against the alternative r =r, +1. The corresponding asymptotic null

distribution is non-standard; thus Bierens tabulates critical values for the distribution after

Monte Carlo simulations. Parameter m is also tabulated for different significance levels and for
various values of r, and q in such a way that the lower end of the power of the test is
maximised. The second statistic is the g, (r,), which is computed from Bierens’ generalised

eigenvalues as follows:
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q . -1
(H ik'm} if r, =
k=1
a-r, 1 . 1
gm(ro): ( ﬂ,ka n2rO Hﬂ’km if I’O =1,....,q—1 2.35
k=1 ' k=q-ry+1 '
a .
T An if =1
k=1

When r, = qthe optimal value of mis given by m =g, while when r, < qthen the optimal
value of m is given by tabulated values for different significance levels and different

combinations of r,q. Thus g, (r,) converges in probability to infinity if the true number of
cointegration vectors is unequal to r,. A consistent estimate of ris therefore derived

fromr, =argmin__.[§,, (r)].

Having determined the dimension of the cointegration space, linear restrictions on the
cointegrating vectors can be tested. Bierens suggests the trace and the lambda-max statistics

based on the following eigenvalue problem:
det|HA,H —AH'(A, +n?A )" H|=0 2.36
The test statistic engaged is n’A,, (H), where the null hypothesis can be rejected if

n’A,., (H)is greater that the critical values as provided by Bierens (1997).
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CHAPTER THREE

EMPIRICAL WORK REVIEW AND THE CONTEXT

3.0 Introduction

The relationship between inflation and stock returns was first defined in the context of the
Fisher effect, also known in some literature as the Fisher hypothesis. The Fisher effect is a
product of the economic theory by Fisher (1930), who sought to explain the relationship
between asset returns and inflation. For most of the period from the 1930s to the 1970s this
theory was the logical explanation for the stock—inflation relationship, as it solidified the
notion that the asset’s underlying value is maintained in the face of inflation. However, Sharpe
(2002) notes that during the 1970s investors found this Fisher theory to falter in the short and
intermediate term, as stock returns were negatively related to inflation. The late 1970s thus
heralded a wave of research in this area, with Nelson (1976), Jaffee and Mandelker (1976),
Bodie (1976), Fama and Schwert (1977) and Modigliani and Cohn (1979) all producing
empirical evidence to show the negative relationship between stocks and inflation (herein after
also referred to as ‘the variables’). Many reasons for this negative relation were provided, with
Feldstein (1980) arguing that taxation—inflation relations played a pivotal role in influencing the

relationship contrary to Fisher’s theory.

The most significant reason put forward in the 1980s and 1990s for the new empirical
evidence was the independent effect of real economic activity to both stocks and inflation.

Thus Fama (1981) argued that the direct relationship between these two variables was spurious
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and was explained by the inferred (Proxy) relationship between the variables and economic
activity. This argument by Fama found many supporters from the 1980s through to the late
1990s, notably Geske and Roll (1983), Gultekin (1983), Vanderhoff and Vanderhoff (1986),
Chang and Pinegar (1987), Kaul (1987, 1990), Lee (1992), and Lee and Ni (1996). Ely and
Robinson (1997), Boudoukh and Richardson (1993), and Boucher (2006), however, criticised
the Proxy hypothesis and failed to find justification for the Fama—generated explanation of the

stock—inflation relationship.

In addition to the arguments by Fama (1981) and Feldestein (1980) presented herein,
Modigliani and Cohn (1979) attributed the negative relationship between stocks and inflation
to inflation illusion, which states that the negative relationship between inflation and stocks is a
result of the use of nominal interest rates by irrational investors to discount real cash flows.
The inflation illusion hypothesis, also supported by Summers (1983), Ritter and Warr (2002),
Asness (2000, 2003), Campbell and Vuolteenaho (2004), Feinman (2005), and Estrada (2009),
has been topical lately owing to its association with the ‘Fed Model’ of stock valuation.
However, the ‘Fed Model’, which supports the inflation illusion hypothesis, has also been
widely discredited recently. Boucher (2006) advocates the rejection of both the Fisher and
Fama hypotheses mentioned above in favour of what he terms ‘subjective inflation risk
premium’, whose view is in line with the Modigliani and Cohn hypothesis. Interestingly,
though, there are a number of researchers whose papers simply criticise or disprove the
aforesaid hypotheses without giving an alternative, or any reason why the relationship between

stocks and inflation is either positive or negative. The value added by these empirical works is
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found in the use of different techniques and the use of data sets to review the relations in

different economic regimes and settings.

The above overview and the review in this chapter will demonstrate that there is no conclusive
evidence to date to show the real nature of the relationship between stocks and inflation. Thus
supporters of the Fisher effect, Proxy and Inflation illusion hypotheses provide different
empirical evidence to substantiate their schools of thought. In this chapter, therefore, these
hypotheses and other competing theories will be explored with a view to lay bare the
unanswered research questions. The literature review contained herein covers the period from
the 1930s, when the Fisher hypothesis was put forward, to the beginning of 2009, when the
writing up of this research work started. Mindful of the above-mentioned developments in the
literature concerning the relations between stocks and inflation, this chapter will explore the
hypotheses that sought to explain the underlying reasoning for the relationship, as well as the
various arguments, methodologies, and geographical and market differences presented in the

current literature.

After the literature review, an overview of the stock market will be explored as part of
contextualising the research topic. Also related to setting the scene for this research is the brief
history of African stock markets which are considered at the end of this chapter. The section
on African stock markets will show that the markets are small apart from the South African
stock market, which is ranked in the top twenty of all world stock markets in terms of size
(capitalisation) and sophistication. The markets, however, are not very liquid and are

dominated by foreign investor restrictions which results in constrained growth. Restrictions
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have been reduced, however, especially in the 1990s, when most countries experienced
economic reforms. Smith et al. (2002) note that there is no programme of financial sector
reform considered complete in Africa without the establishment of a new stock market or the
rehabilitation of an existing one. Another development in the African stock exchanges,
according to Irving (2005), is the introduction of new financial instruments such as mutual
funds and other collective investment vehicles with a view to supporting further capital market

development.

This chapter is organised as follows: Section 3.1 will look at the Fisher hypothesis, after which
Section 3.2 investigates the Proxy hypothesis. The money illusion hypothesis is the third main
hypothesis to be explored and it is contained in Section 3.3, while other competing theories,
including the tax argument by Feldstein, are examined in Section 3.4. A stock market overview
will be given in Section 3.5, before African stock markets are considered in Section 3.6. Section
3.7 presents the conclusions, which are based on the information contained in the rest of the

chapter.

3.1 The Fisher hypothesis

The Fisher (1930) hypothesis, also known as the Fisher effect, (hereafter used interchangeably)
states that real interest rates depend on nominal rates and inflation such that nominal rates less
inflation result in real interest rates. According to Fama and Schwert (1977), this association
holds in an efficient market, and can be effectively applied to all assets, including stocks, such
that expected nominal return on stocks is the sum of expected real return and expected

inflation. In this regard, a rise in expected inflation ceteris paribus would result in a rise in
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nominal returns in an efficient market where prices reflect current and future levels of
inflation; hence the notion that stock returns and inflation move in the same direction. Nelson
(1976), Fama and Schwert (1977), and Choudhry (2001) provide a summary analysis of the
Fisher hypothesis through an application of this approach on the stock market. The analysis
starts by looking at ex ante real stock returns which are the forecast level returns and are the
difference between the expected nominal return on stocks and expected inflation given current

information. Equation 3.1 presents this as follows:
r,=ER|l)-E]l) 3.1
Where r, is the ex ante real return on stocks, R, is the nominal rate of return, 7, is inflation,

E is the mathematical expectations operator and 1, , is the information available, a lag before

t. Equation 3.1 is one way of determining ex ante real return on stock; another way of

expressing these returns is in terms of average return and the variable part of the returns thus:
ro=r+r 3.2

where ris the average return and r. is the variable part from the average return to the real

return. If Equation 3.1 and 3.2 are then brought together, the resulting expression or equation

would be:
r=ER|l)-E@fl)=r+r 33
thus, E(R [l.,) — E(z [l ) =1+ 34

Taking E(nt|lt_1) to the other side of the equation, the simplified result will be Equation 3.5:

ER ) =E(fl ) +r+r 3.5
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On the other hand, actual real rate of return can also be expressed in terms of expected values

and prediction errors as follows:

R, = E(Rly) + 36
where g, is the prediction error for the real rate of return and is uncorrelated with the
predicted value of return. If E(Rt|lt_1) is made the subject of the formula, Equation 3.6 can
be rewritten as:

ERJl) =R — 1, 3.7

Similarly and using the concept contained in Equation 3.6, actual inflation rate can be

expressed in terms of expected values and prediction errors as follows:

m o =E(m|ly) +¢ 38
where ¢, is the prediction error for the inflation rate and is uncorrelated with the predicted
value. If ¢, is moved to the left-hand side of Equation 3.8, the expression can be rewritten
and rearranged as:

E(rly) =7, —¢ 3.9
Bringing Equations 3.5 and 3.7 together using the common variable E(Rt|lt_1), the following

simplification will result in Equation 3.12:

ER ) =R~ =E(xl ) +r+r 3.10
thus R, = E(z[ly) +1+re+u, 3.11
and, R, =r+ BE(z,|l ) +7, 3.12
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where 7, = e+ u, and according to the Fisher effect the coefficient 8 is unity. This is the

Fisher effect equation which Fama and Schwert (1977) went on to prove was not supported by
empirical data. Their findings were that expected inflation and real return do not move one on
one, nor do unexpected inflation and stock returns. If Equation 3.12 is further broken down
by bringing in Equation 3.9 to remove the expectation component from the inflation

expression, the result will be the following equation:

R, =r+ fpr, +v,, wherev, =n, — fe, 3.13
The above expression with S as unity suggests that inflation and stock returns have a positive
relationship; thus stocks maintain their value in the face of a rise in the inflation rate. Nelson
(1976) notes that the properties of the compound disturbances that make up v, will determine
the properties of the least squares estimator of r and g, while there is a positive relationship
between the inflation rate and its prediction errors (). In addition, Choudhry (2001) points
out that the relationship between inflation rate and the stock market prediction errors g will
depend on the correlation between x4, and ¢, and argues that the two will be correlated if

stock prices react systematically to new information about inflation.

The assumption that S is unity and positive is based on the classical theory which Lintner
(1974) attributes to both Fisher (1930) and Williams (1938). In the classical theory there is
presupposition that real returns to stock prices will be invariant to the inflation rate, since the
returns depend fundamentally upon production functions and input and output relations as
well as factors which are invariant to the general price level (Lintner, 1974). The implication of

this relationship, therefore, is that the present value of the flows in real returns and real
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capitalisation is unaffected by general price movements either expected or current. Lintner
(1974) thus notes that the invariance of real values means current money values will vary in
direct proportion to inflation, making nominal capital gains on unlevered equity equal to the

rate of inflation; thus g in Equation 3.12 is assumed to be unity and positive.

Fraser (1993) supports this belief in economic theory by looking at the relationship between
income, inflation, turnover, costs and profits. He says rising real incomes mean that firms face
rising demand for goods and services, enabling them to recover increased costs by raising their
prices. If the demand for goods and services do increase, this in turn results in an increase in
turnover, which would eventually translate to an increase in profits for the firm. Since share
price is directly affected by movements in achieved profit, then the turnover increase would
result in share movement and, if this increase is more than what was achieved in the previous
period, then a positive relationship between inflation and share price would be achieved. Fraser
argues that in the 1950s and early 1960s, inflation seemed to be caused predominantly by
‘demand-pull’ pressures, whereby rising demand for goods and services enabled firms to raise
prices and make higher profits. An initial reaction to this analysis is that it assumes that cost of
providing services and producing goods was static. However, Fraser acknowledges the effect
of costs by pointing out that *...costs rose as well, particularly wages, but wage rises tended to
follow the price rises and, in times of rising demand, cost increases could be recovered by

further price increases and increased efficiency of production.” (Fraser, 1993, p. 94).

The theoretic reasoning offered above will not adequately explain the relationship in the face

of cost—push inflation, but will be supported by the monetarist view of the causes of inflation.
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Inflation driven by cost—push factors, especially those which are not wage related, may induce
a reduction in profit margin to ensure company goods and services remain competitive and
affordable. Such decrease in profits will eventually bring down company share prices; thus a
negative relationship between inflation and stocks will be achieved in this case. Since the
competitive nature of industry in the production and provision of services has evolved from
monopolistic tendencies of the past to supplier diversity, the notion of keeping prices
competitive and affordable is modern; thus Fraser’s assessment can be considered appropriate

for the period and conditions at play then.

The Fisher Effect, which is rooted in economic theory, reflects the classical economist’s
concentration on long—run comparative static equilibrium denominated in real terms of
exchange, independent of current levels of money prices which depend on actions of monetary
authorities by way of the classical Quantitative Theory of Money (Lintner, 1974). The long—run
justification of the Fisher effect is empirically proved by Boudoukh and Richardson (1993),
who found the relationship between stocks and inflation to be positive using UK and USA
data from 1802 to 1990. Their study also confirmed that while the Fisher hypothesis is based
on ex ante stock returns, ex post returns can also be interpreted in the same way. The UK
empirical evidence on the relationship between stocks and inflation, as noted in Gultekin’s
(1983) research on different international stock markets, has predominantly been positive.
Thus, the interesting component of the research by Boudoukh and Richardson (1993) is the
empirical evidence from the USA, which was found to be negative by Fama (1981) and the rest

of the Proxy hypothesis empirical researchers.
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Ely and Robinson (1997) carried out research on sixteen industrialised countries, and their
results indicated that stocks do maintain value relative to movements in inflation and, like
Boudoukh and Richardson (1993), they argued that the evidence of a negative relationship is
based on the use of models that do not capture long—run relationships. Their conclusions also
found that the relationship does not depend on the source of the inflation, whether it comes
from real or monetary sources. These findings are contrary to empirical work done prior to
their research, which suggested that the relationship might depend on the source of the
inflation. Using the vector correction models to account for long—term relationships, the
relationship is confirmed as positive. This conclusion raises the question of whether the

number of years considered in the analysis of this relationship is important.

Anari and Kolari (2001) used stock prices and inflation data in six industrialised countries,
pointing out that the time path of the response of stock prices to a shock in goods exhibits an
initial negative response which turns positive over long horizons. In addition, their research
reveals that stocks have a long memory with respect to inflation shocks; thus they are a good
inflation hedge over a long holding period. Lintner (1974) dismissed this notion of the length
of data by pointing out that statistical analysis of data covering the first three quarters of the
twentieth century uniformly shows that both nominal and real rates of return on stocks had
been negatively and very significantly related to the inflation rate. The challenge with the
analysis by Lintner is that it did not use techniques which capture long-run dynamics such as

cointegration.
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Apart from the influences of expected and current values of inflation, Choudhry (2001), who
used stochastic structural tests, found that past inflation levels have a bearing on current stock
price changes. This is a departure from the above economic theory and empirical work whose
interests focused primarily on expected and current inflation level; thus the relationship and
indeed the significance of inflation to stock market prices is cemented. Choudhry (2001) made
these findings when he looked at the relationship between inflation and stock returns in four
high—inflation Latin and Central American countries and concluded that there is a positive
relationship between the two variables. His conclusion is in unison with Ely and Robinson’s
(1997) finding that inflation moves in the same direction as stock market prices, but more
important for investors is the fact that stocks are a good hedge against inflation, and hence a
retention of value. Henry (2002), who worked on twenty one predominantly emerging markets
that experienced disinflation, states that the stock market appreciates by an average of 24% in
real dollar terms when countries attempt to stabilise high annual inflation rates of more than
40%. Choudhry’s conclusions, (2001) though, bring out the issue of inflation rate
announcement dates. Thus the one-month lag relationship could be an indication that using

month—end results to ascertain the relationship could be questioned.

To counter the notion that the positive relationship between inflation and stocks is sector
based, given that Lintner (1974) and Fraser (1993) use predominantly the production sector to
infer on the relationship, Luintel and Paudyal (2006) looked at the relationship from the cross
sector angle. They tested whether UK common stocks hedge against inflation using a
framework of the tax—augmented Fisher hypothesis. The cointegration analysis was used on

seven industry groups and monthly data covering forty—eight 48 years, and the results showed
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that point estimates of the goods elasticity were significant above unity in five of the sectors.
The exceptions in this case were the mineral extraction industry, which showed below unity
price elasticity, and investment trusts, which showed unity elasticity. This inflation hedge
paradigm is supported by Anari and Kolari (2001) who showed that long-run Fisher elasticity
of stock prices with respect to inflation exceed unity and range from 1.04 to 1.65 in the
following countries: UK, USA, Canada and Japan. Luintel and Paudyal (2006) noted that their
results were plausible because nominal returns from stock investment must exceed inflation

rate to fully insulate tax—paying investors, failure to which real wealth losses will be realised.

3.2 The Proxy hypothesis

The view that inflation and stocks are positively related as defined by the Fisher Hypothesis
was questioned by Tobin (1969), Branch (1974) and Lintner (1974) but, more importantly,
Nelson (1976), Jaffee and Mandelker (1976) and Bodie (1976) empirically ignited the contrary
discussion. As noted earlier, economic theory before the 1970s held the position that there was
a positive relationship between inflation and stock market prices, and this position drew its
strength from the rationale that stocks ought to at least maintain their value during inflationary
periods. However, contrary to the then held belief among economists on this stock value
preservation rationale Bodie (1976), who looked at USA data and empirical work between
1953 and 1972, found that the real return on equity was negatively related to both anticipated
and unanticipated inflation, in the short run. This result by Bodie was also confirmed by Fama
and Schwert (1977), whose study considered both expected and unexpected components of

inflation by looking at the variables’ relationship in the USA between 1953 and 1971. Their
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empirical evidence demonstrated that common stocks were rather perverse as a hedge against

inflation.

The justification of this empirical evidence was attributed to the Proxy effect by Fama (1981),
who acknowledged that the negative relationship is puzzling given the accepted wisdom that
common stock, representing ownership of the income generated real assets, should be a hedge
against inflation. In accordance with the Proxy effect, the negative inflation and stock return
relations are proxying for the positive relationship between stock returns and real variables
which Fama (1981) argued are more fundamental determinants of equity values. The negative
relations are induced by the negative relationship between the real economy and inflation,
owing to both the money demand theory and the quantity theory of money (Fama, 1981). In
his paper, which used monthly, quarterly and annual data from the USA between 1953 and
1977, Fama concluded that there was evidence that real stock returns positively related to
measures of real activity like capital expenditure, average real return on capital and output,
which reflected the variations in the quantity of capital investment with expected return in
excess of costs of capital. Furthermore, he noted that the anomalous stock return and inflation
relations are strongly related to measures of future real activity, and this is consistent with a
rational expectations view in which markets for goods and securities set current prices on the
basis of forecasts of relevant real variables. Ram and Spencer (1983) note that the Proxy
hypothesis is a three-step procedure. First there is the need to estimate two sets of the
inflation regression to show the negative inflation and real activity relations. One of the

regressions is derived from the money demand equation and the other is based on the rational
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expectations theory in the same form as the Fisher-type equation. The objective of the second
step is to show the positive relationship between stock returns and real activity; thus it
estimates the regressions on capital expenditure functions and real stock returns. For the third
step, the intention is to demonstrate that inflation is not negatively related with stock returns,
and this is achieved by holding real activity constant in a stock return regression, with inflation
and real activity as variables. The result is a demonstration of the inference in the expected
inflation and stocks returns relations. This has led to a new school of thought about the

interaction of these variables which is now commonly known as the Proxy hypothesis.

In an economy with a long—run vertical supply curve, demand shocks have little or no impact
on the future of output growth, while the inverse is also true for supply shocks (Gallagher and
Taylor, 2002). Given this economic reality, Gallagher and Taylor argue that only inflation
which is induced by supply shocks should act as a proxy for expected future movements in real
activity. This observation thus calls for the decomposition of the inflation data to reflect its
drivers. Thus, inflation is broken down to reflect the drivers generated by supply shocks or
those from demand shocks. Using multivariate innovation decomposition and quarterly data
between 1957 and 1997, Gallagher and Taylor confirmed the Proxy hypothesis, but based on
the evidence that only the component due to supply shocks is negative and significantly
correlated with stock returns. The evidence also showed that stock returns were insignificantly

correlated with the inflation rate which is purely derived from demand innovations.
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Geske and Roll (1983), who subscribe to the Proxy hypothesis, strengthen the Proxy
hypothesis by showing that the spurious negative relationship between stocks and inflation is
driven by a chain of macroeconomic events which result in a higher rate of monetary
expansion. Geske and Roll state that this chain starts with a random negative real shock which
affects stock returns. This in turn this signals higher unemployment and low corporate
earnings. The low corporate earnings and unemployment induce a fall in personal and
corporate tax revenues and this happens without an adjustment in the government
expenditure, hence an increase in treasury deficit. To cover this deficit, an increase in the
borrowings by treasury becomes imminent, as well as an expansion in money supply, which
ultimately induces a rise in the inflation rate. The analysis implies that a decrease in economic
activity will result in expected growth in money supply and thus large increases in inflation
(Stulz, 1986). According to Chang and Pinegar (1987), Fama (1981) and Geske and Roll (1983),
models suggest that the stock and inflation relation varies systematically with security risk, and
they support this notion through the analysis of American data from 1952 to 1982. James,
Koreisha and Partch (1985) find support for the Geske and Roll money supply explanation
when they examined the causality links between stocks, real activity, inflation and money
supply using a vector autoregressive-moving average (VARMA) model. They found evidence
that stocks signal both changes in real activity and changes in the monetary base, which
suggests a link between money supply and real activity (Lee, 1992). However, Lee (1992) noted
that, as observed by Mehra (1978) and Sims (1980), the causality relations used by Geske and
Roll (1983) are based on a bivariate causality test and may not be robust when other variables
are introduced into the vector autoregressive (VAR) system. Thus James, Koreisha and

Partch’s (1985) VARMA model might be more appropriate.
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Kaul (1987) also argued that Geske and Roll (1983) did not analyse the money supply process
completely because a procyclical monetary policy is either positively related to or has no
relation with inflation. Thus, the explanations contained in Geske and Roll (1983) would be
relevant when the government embarks on a reactive monetary policy which either addresses
unemployment, foreign currency shortages or a deficit in the treasury; hence a shortcoming of
the Geske and Roll explanations of the proxy relation between inflation and stocks. To give a
more robust explanation to the Proxy hypothesis relationship, Kaul (1987) argued that it
depends on the equilibrium process in the monetary sector, thus placing the importance of
demand and supply factors of money in the relationship. While this seems to suggest that
Kaul’s conclusions reflect a negative relationship between stocks and inflation, the inference is
that it could either be positive or negative depending on money demand and the cyclical nature
of the monetary policy. In this regard, Kaul hypothesised that if money demand effects were
coupled with monetary responses that are procyclical, stock return and inflation relations
would be either insignificant or positive. In this empirical analysis, growth of money was
related to government deficit, unemployment rate and lags of money growth, with deficit said
to induce countercyclical monetary policy hence a negative relationship. Kaul (1990) reinforced
this reasoning to the Proxy hypothesis by concluding that countercyclical monetary policy
induces stronger negative relationships than procyclical and neutral monetary regimes. Ely and
Robinson (1992), however, found no evidence to support these various policy regimes to

explain the relationship between stocks and inflation.
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Apart from Kaul’s research, most of the Proxy hypothesis findings contained above are based
on USA evidence. Thus Spyrou (2001) investigated the relationship in an emerging market
using the regression models as well as cointegration techniques to arrive at his conclusions. His
findings, based on data from the emerging market of Greece between 1990 and 2000, were
that the stock—inflation relations in the first half of the decade were a strong negative
relationship, and in the second half statistically insignificant figures were noted. The reason for
this difference is attributed to the role of monetary fluctuations (rather than real activity)
influencing inflation levels. In order to examine the relationship between stock prices and
inflation, Spyrou’s study tested for cointegration among the variables using the Johansen
technique, and tests showed that the first difference was stationary and thus the series were
candidates for cointegration. Spyrou (2001) noted that the results of this study were consistent
with conclusions made by Marshal (1992) which showed that the negative relationship between
stock and inflation is influenced by monetary fluctuations. While this research confirms the
earlier submission about the influences of monetary policy on the relationship between the
variables, conclusions from one country represent a bias and cannot be used with confidence

to infer the relationship in all emerging markets, nor, indeed, in the world generally.

Guitekin (1983) investigated twenty—six countries over thirty—two years from January 1947,
using data from International Financial Statistic (IFS) and Capital International Perspective
(CIP). He employed regression models estimated by using contemporaneous rates as proxies
for expected inflation, autoregressive integrated moving average (ARIMA) models to derive
expected inflation and short-term interest rates as predictors of inflation. Cross—sectional data

was also considered to appreciate the relationship between inflation and stock market returns.
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Using time series regressions, Guitekin (1983) concluded that there was no reliable positive
relation between nominal stock returns and inflation rates for the period between 1947 and
1979, with evidence showing a negative relationship between stocks and inflation in most
countries except for the United Kingdom. While he found the regression coefficients to be
negative, the stock returns—inflation relation was discovered not to be stable over time and was
different between countries, with results from the UK continuously positive and different
from the rest. Graham (1996) also found the relationship between stocks and inflation to be
unstable throughout the post-World War 11 era, in the sense that it was negative before 1976
and after 1982, but positive in between these years. “Real stock return-inflation relation should
be negative only when variation in money demanded is not accommodated by offsetting
variation in nominal money growth i.e. procyclical monetary policy,” (Graham, 1996 p. 29).
This finding raises questions about the effect of economic or monetary regimes on the
relationship, and adds the dimension that the stock—inflation relations could be cyclical and

induced the changes in monetary policy.

Partial confirmation of and modification to the Proxy hypothesis are documented by Ram and
Spencer (1983), Hasbrouck (1984), Stulz (1986), Lee (1992) and Lee and Ni (1986). Ram and
Spencer (1983) question the rationale of the view that inflation and real activity are negatively
related in the Proxy hypothesis, given the Phillips curve, which hypothesises positive relations.
In this context, Ram and Spencer show that inflation and stock relations instead proxy a
reverse of Fama’s hypothesis and explanation of the inferred relations. They suggest that the
negative relationship is a result of the relations in the Phillips curve and the negative relations

between stocks and output which is in line with the Mundell-Tobin effect. However, Lee
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(1992) states that the measure of real activity adopted by Ram and Spencer (1983) is current
output, whereas Fama’s theory is based on future output. In addition to the above limitation to
Ram and Spencer explanation of the Proxy Hypothesis, output is not the only measure of
economic activity, as demonstrated above by Geske and Roll (1983), who propose that

government deficit plays a role in the chain (Lee, 1992).

Research findings from the Proxy hypothesis and, indeed, most confirmations thereof, use ex
post data for their evidence, in particular proxy variables to infer expected inflation levels.
However, Hasbrouck (1984) noted that the strength of such findings were in part due to the
proxy used, and thus propose the use of Livingstone Surveys as the measure for expected
inflation. Gultekin (1983a) also used Livingstone Surveys and found a negative relationship
between expected inflation and actual stock returns, though these findings were insignificant.
Hasbrouck (1984) found a slight negative relationship between expected economic activity and
expected inflation in quantity theory estimation; however, there is no significant simple
bivariate relationship. For the stock—economic activity relations, a positive sign in the
coefficient of the dependable variable is noted. The conclusion from this evidence, therefore,
is that Fama’s Hypothesis is less strong when survey data is used to determine expected
variables of this stock—inflation puzzle. Having noted these findings, it is important to mention
that the use of data from the Livingstone Survey, however, has been criticised by Lakonishok

(1980) and this questions the robustness of these results.

Stulz (1986) provides an equilibrium model in which expected real returns that are

endogenously determined on market portfolio of risky assets are negatively related to expected
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inflation and money growth. The evidence is in support of the Fama hypothesis as well as the
findings presented by Geske and Roll's (1983) view of the negative relationship between stock
returns and inflation. Stulz provides a theoretic framework explaining these relations by noting
that an increase in expected inflation, irrespective of its origin, results in the fall of real wealth
of households because of the increased opportunity cost of real balances and the decrease in
households’ holdings in real balances. To keep the stock capital invested in production, which
Stulz equates to households’ desired holdings of nominal assets, the default-free nominal
interest rate and cash must fall by the same margin as the desire by households to hold real
balances, and this can be achieved though a decrease in real rate of interest. The fall in interest
rates thus makes the investment in nominal assets less attractive to invest in compared to
investment in production (Stulz, 1986). The result, according to Stulz, is that the decrease in
real wealth caused by a rise in expected inflation results in households choosing a portfolio of
investments in production with a lower mean and a variance of return. The model thus
predicts a negative correlation between expected inflation and ex ante real stock returns, but
Marshall (1992) stated that the model does not provide evidence as to whether the predicted
negative correlation is large enough to match the data. Moreover, it fails to reconcile the
negative relationship between stock returns and inflation with the positive correlation between

returns and money growth.

The final weak support for the Proxy hypothesis provided herein is by Lee (1992) and Lee and
Ni (1996). Lee (1992) used multivariate VAR on post-war USA data between June 1947 and
December 1987 to determine the causal relations among stock returns, interest rates, real

activity and inflation. The findings show that stock returns help explain significant movements
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in real activity which respond positively to stock return shocks, but with interest rates in the
VAR, stock returns explain little variations in inflation rate, contrary to findings by James,
Koreisha and Partch (1985) which are compatible with the original Proxy hypothesis (Lee,
1992). Furthermore, Lee finds no support for the inflation—economic activity hypothesis, given
that inflation explained little variations in real activity movements which, however, responded
negatively to inflation shocks. These results question the reliability of the negative inflation—
stock relations findings,, given the weak evidence of the causal interactions. In a subsequent
paper with Ni, Lee further examined the Fama hypothesis and noted that persistent inflation
has a stronger effect on future output than temporary inflation. The decomposition of
inflation into persistent and temporary elements, using a filter model, was based on the
intuition that future economic activity can be more sensitive to persistent movements on
inflation than to temporary ones, as an increase in persistent inflation predicts slower future
real activity and a consequent fall in stock returns (Lee and Ni, 1996). Moreover, Lee and Ni
(1996) state that an increase in temporary inflation induces investors to shift portfolios from
stocks to interest-bearing liquid assets because a rise in temporary inflation decreases the
relative attractiveness of stocks even though market present value of future cash flows is
unchanged. The findings of this research show that both persistent and temporary inflation are
negatively correlated with stock returns, though with different patterns. However, the inclusion
of output does not suggest the presence of a proxy relation, especially when temporary
inflation is considered. These results further bring into question the reliability of the Fama
hypothesis which is based on the significance of the relationship between inflation and future

output.
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3.3 Inflation illusion hypothesis

Another empirical hypothesis that was developed after the discovery of the negative relations
between inflation and stock returns in the 1970s is the Inflation Illusion hypothesis developed
by Modigliani and Cohn (1979). According to Basu et al. (2005), the inflation illusion
hypothesis is a version of the money illusion coined by Fisher (1928), which was defined as a
bias in the assessment of real value of transactions, induced by nominal representation (Shafir
et al., 1997), but mostly used to explain slow adjustments of nominal prices and wages to
money supply shock. The Inflation llusion hypothesis states that investors fail to understand
the effect of inflation on nominal dividend growth rates (Campbell and Vuolteenaho, 2004;
Chordia and Shivakumar, 2005; Basu et al., 2005; Cohen at el., 2005) and hence extrapolate
historical nominal growth rates during inflation. Cohen et al. (2005) attribute this behaviour of
investors to the difficulty in estimating long—term future growth rates of cash flows, and
Akerlof (2002) states that the cost of incorporating inflation in forecasting earnings are too
high relative to the benefits of improving the accuracy of the forecast. If accuracy of the
forecast is to be compromised, then growth of dividend is usually related to the relationship
between inflation and the growth of output measured through time-averaged growth rate of
real per capita output and supporting the negative relationship between the two variables
(Levine and Renelt, 1992; De Gregorio, 1993; Fischer, 1993; Barro, 1995; and Crosby and
Otto, 2000). Crosby and Otto (2000), however, note that the existence of a negative long—run
relationship between output growth and inflation does not necessarily imply that persistent

inflation lowers the capital stock.
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The above explanation of the Inflation Illusion hypothesis can easily be taken in the context of
the Proxy hypothesis, which looks at the relationship between economic activity and inflation.
The difference is, however, that with the inflation illusion the relationship is not inferred but is
a result of the effect of inflation on the components of the Gordon’s growth model. Ritter and
Warr (2002) outline four areas which drive the inflation illusion hypothesis, namely: the debt
capital gains error, the capital rate error, disintermediation and the valuation errors in the
literature. The following paragraphs that explain these four areas are based on the work by
Modigliani and Cohn (1979), Ritter and Warr (2002), Asness (2000, 2003) and Campbell and
Vuolteenaho (2004), and are a function of the dividend growth model which is classically

known as the Gordon Growth Model (Williams, 1938; Gordon 1962). Thus:

_ D,(1+09) _ D,
Rf +Rp—g Rf+Rp-g

3.14

0

Where:
P, is the intrinsic stock value
D, is recently paid dividend
D, is dividend to be received at the end of the first year
Rf + Rpis the risk—adjusted interest rate, with Rf as the risk—free rate and Rpas the
risk premium
g is the dividend growth rate.
Given the above model, an increase in inflation is expected to influence the movement of
interest rates (Rf ). Thus the denominator will increase, thereby reducing the price (P,) of the

stock, and this is considered the capital rate error. Inflation, however, also affects growth of
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dividends (g), which Ritter and Warr (2002) note will increase as inflation increases, and thus

will have the effect of reducing the denominator of the above equation, leading to an increase

in the price of stocks.

The effect of inflation on both the rate of return and the growth of dividends is considered by
Modigliani and Cohn (1979) to have a neutralising effect on the price of stocks. The
misvaluation therefore happens because investors do not consider the effect of growth and
only use the increases in bond yields as if they were the rates of return. Thus Cohen et al.
(2005) note that if an optimising investor suffers from money illusion, higher nominal interest
rates resulting from inflation are used by stock market participants to discount unchanged
expectations of future nominal dividends. Ritter and Warr (2002) point out that the failure to
incorporate nominal earnings growth will result in the undervaluation of stock market prices
when inflation increases. According to Bodie et al. (2005), in terms of this simple constant-
growth-rate model, an increase in inflation is associated with a decrease in dividend (D,), an
increase in the risk—adjusted interest rate (Rf +Rp), a decrease in dividend growth (g), or
some combination of all three. The argument associated with the risk—adjusted interest rate
(Rf +Rp) is that a rise in the rate of inflation increases uncertainty about the economy, and
this tends to induce a rise in the risk premium (Rp) due to both systematic and unsystematic
risk, and hence an increase in the level of the required rate of return on stocks. Since
movements in (Rf + Rp) will increase the denominator of Equation 3.14, the result is a

decrease in stock market prices. Hence the perception that the higher the rate of inflation, the

riskier the stocks returns become. Bodie et al. (2005) also argue that another school of thought
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believes that economic ‘shocks’ such as oil price hikes can cause a simultaneous increase in the
inflation rate and decline of expected real earnings (and dividends). Fama (1981) says that this

would result in a negative correlation between inflation and real stock returns.

If corrected for dividend growth, the above submission suggests that dividend earnings within
a market will move homogeneously with changes in the inflation rate. Basu et al. (2005), whose
study examined whether financial analysts’ earnings expectations fully incorporate information
about expected inflation, realise that the sensitivity of individual firms will likely vary through
time. Their study is motivated by two market realities. First, the analysts’ expectations offer
inflation illusion evidence beyond stock returns testing because they can be viewed as proxies
for unobservable investor expectation. Second, the competition in selling forecasts to the
market among financial analysts’ who are sophisticated financial information users, means
investigating the full use of such information in their forecasts offers proof of the rationality of
these agents. Following the work of Chordia and Shivakumar (2005) in analysing portfolios
formed by sorting stocks on a proxy for earning growth labelled standard unexpected earning
(SUE), Basu et al. (2005) conclude that SUE-based hedge portfolios have significantly positive
earnings exposure to concurrent inflation. They also show that common proxies for expected
inflation, such as lagged inflation, and forecasts from the Michigan Survey of customers
predict the expected earnings growth of SUE—based hedge portfolios. Despite such findings,
analysts were found not to fully use this predictive information on the expected inflation when
forecasting future earnings (Basu et al., 2005). The implication of this is that the accuracy of
future earnings forecasts is compromised, thus affecting the interaction within the Gordon

Growth Model and increasing the inflation illusion syndrome.
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Another cross-sectional approach is offered by Cohen et al. (2005), who consider the dividend—
price ratio in ascertaining the rational and irrational investor behaviours in a stock market. The

dividend—price ratio is stated below as Equation 3.15:

D.y =R-G 3.15
P

t

Where, D, ,is future dividend, P, is current price, Ris long-term discount rate and G is long-

141
term dividend growth rate. The pricing miscalculation in this case is a result of investors using
mixing nominal rates and real rates for the discount rate and the growth rate, which is not
consistent with the model. In this case, Cohen et al. (2005) consider excess discount rate and

growth rates by subtracting riskless interest rate from both the discount rate (i.e.
R® =R —Rf and growth rates G® =G —Rf ). In their support of the Modiglian and Cohn

(1979) hypothesis they follow the work of Campbell and Vuolteenaho (2004) to distinguish
between subjective expectations of irrational investors (herein after superscripted SUB) and

objective expectation of irrational investors (herein after superscripted OBJ). Thus:

= _ Re,obj _Ge,obj — Re,sub _Ge,sub — —G e,obj + Re,sub + (G e,obj _Ge,sub) 316

©| O

The implication of Equation 3.16, according to Cohen et al. (2005), is that dividend yield has
three components: first, the negative of objective expected excess divided growth; second, the
subjective risk premium expected by irrational investors; and third, the mispricing term which

is induced by the divergence between the rational and irrational growth forecast. Thus the

dividend growth rate mispricing error specified in terms of excess yields is G**® —G***, with

¢ <0 indicating overpricing. The results of the empirical work by Cohen et al. (2005) show
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that money illusion will have a constant additive effect on all future stock returns regardless of
the exposure to systematic risk. This noted constant effect is not consistent with the impact of
investor risk attitudes on future stocks, which Cohen et al. (2005) note is proportional to the
stock’s risk, as risky stocks’ future returns will be affected much more than safe stock’s future

returns.

Another error that is induced by the investors’ inflation illusion is that of debt capital gains,
which Ritter and Warr (2002) argue is less obvious to investors and they consider that inflation
has two effects on nominal debt instruments. The first of these effects is that unexpected
increase in inflation results in the movement of funds by investors from bonds to stock of
levered firms. The second effect of inflation on nominal debt instruments is that an expected
inflation rise will induce a transfer of funds from bond markets to stock markets as inflation
erodes the real value of bondholders’ assets. Ritter and Warr (2002) note that debt is decreased
in real value by inflation, but bondholders are compensated by inflation premium in the
nominal interest rate they charge the firm. Thus, an increase in nominal borrowing cost will
result in a net decrease in the net income for the firm, while a decrease in net income is offset
by real decrease (Ritter and Warr, 2002) in real value of nominal liabilities. This Ritter and Warr
(2002) illustrate in the following relationships, assuming a zero real growth in the firm and that
all earnings are paid out as dividends:

EPS = (1-T)[X —RDt] = (1-T)[X —rD — pDt] 3.17
Where EPS is the expected earnings per share, T is the corporate income tax, X is the

operating income per share, Dt is the debt per share, pis the inflation rate and, assuming debt

is replaceable on demand, then when inflation changes R, which is the new real interest rate,
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will be represented by R =r + p(thus old interest rate plus inflation). The difference between
the first and the second sections of the expected earnings per share (EPS) calculation is that
the last part (second) has an inflation component that affects it such that an increase in the

firm’s debt will increase (1—T)pDt, hence the more the firm’s EPS will be reduced by

inflation. Ritter and Warr (2002) further submit that if inflation is neutral, the basic earning

power of the firm remains unchanged in real terms and the level of operating income will
increase with inflation X, = X, (1+ p). Therefore, the value of the firm’s assets must increase
at the rate of inflation to support this increase in nominal profitability, illustrated as follows:
FV, =V, + De, 3.18
FV, =FV,(1+ p) — pDe, =V, (1+ p) + De, 3.19
where FV,is the firm’s value at time t=0 and FV, is the firm’s value at t=1; De,is the

debt of the firm at t =0and De, is debt of the firm at t =1; V,is the value of equity and pis
the inflation rate. The first equation represents the value of the firm, which is total equity and
debt. At t =1 (Ritter and Warr, 2002), prior to any debt issue but after nominal interest and
dividend have been paid, the value of the firm would have grown by the inflation rate less the
inflationary component of the nominal interest expense pDe,, and this is represented by the

second equation. Thus, to maintain the same debt—equity ratio the firm must issue incremental

debt.

The final, and possibly most controversial proposition inferred by the Inflation Illusion
hypothesis and in the above submissions, relates the yield on stocks to the yield on nominal

bonds (Campbell and Vuolteenaho, 2004). This relationship is how famously known as the
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‘Fed Model’ of stock pricing and Estrada (2009) notes that the negative relations between
stock market price—earnings ratio and government bonds yields seems to have become
conventional wisdom among practitioners. The implication of this relationship is that when the
Treasury bond yields increase, stock market yields will also have to rise in order to remain
competitive in a tight investment market. Campbell and Vuolteenaho (2004) state that
practitioners argue that bond yields plus risk premium equate to nominal yield on stocks, and
that actual stock yield tends to revert to this normal yield. This relationship does not, however,
incorporate the effect of dividend growth rate, which in this case is implied not to exist thus
promoting the Inflation lllusion hypothesis. The inferred suggestions are that when stock
yields better bond yields they become attractive, as they are considered underpriced. Given
these indications, the ‘Fed Model’ is considered an empirical success in describing stock pricing
when evaluated using bond yield movement (Asness, 2000, 2003). However, as a behavioural
description of stock, there is serious difficulty with its rational explanation of stock pricing
(Ritter and Warr, 2002; Campbell and Vuolteenaho, 2004; Estrada, 2009). Astrada (2009) finds
the ‘Fed Model’ to be flawed from a theoretical standpoint, and this is demonstrated using data
from twenty countries, where he found it to be a failure as a normative and a positive model of
equity pricing. The model, according to Asness (2003), erroneously compares real magnitude

of earnings—price ratio to nominal government bond yields.

3.4 Competing theories

Using likely values of the tax and financial variables, Feldstein (1980) attributed the negative
relationship between stock returns and inflation to the higher effective rate of tax on corporate

income caused by historic-cost depreciation and the tax on the artificial capital gains caused by
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inflation, which reduce the real net yield that investors receive per unit capital. The implication
is that higher inflation results in lower real dividends because the US tax system results in
lower after-tax real earnings as the inflation rate rises. Thus taxation is related to depreciation,
and capital gains is affected by inflation, which in turn affects real asset valuation (Jung et al.,
2007). Lee and Ni (1996) note that this tax burden theory is attractive for periods of high and
persistent inflation, since it implies that inflation increases the tax rate, thereby depressing
output. Fama (1981) argues that taxes could not be responsible for the fall in real share values
in the 1960s, when inflation increased in the USA, because the ratio of taxes to gross income
does not support this notion. It is also not surprising that within a year of its submission the
Feldstein tax burden model of share valuation drew serious criticism particularly from Friend
and Hasbrouck (1982), who showed that the implied impact of inflation upon equity share in
the Feldstein model is dependent on values assumed for critical parameters, notably the
effective capital gains tax rate. They provided proof that the capital gains figures used by
Feldstein are solely long—term values, that short—term capital gains are omitted and that the
contribution of 0.15 to the present value of capital gains tax rate that will be paid in the future
upon sale of the stock seems greatly exaggerated and may be closer to 0.05 instead. The tax
burden model as an explanation of inflation and stock returns relations is much localised and
at best explained the specific period which Feldstein sought to review. The fact that the tax
laws are not homogeneous casts doubt on the credibility of the model as a platform or basis to
explain the negative relationship within the international context. Given these challenges to the
model, it is not surprising that it has not been a popular force in explaining the negative

relationship between stock returns and inflation.
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Another model that sought to explain stock—inflation relations is provided by Friedman (1977)
when looking at the relationship between inflation and unemployment where he argues that
inflation uncertainty is positively related to the level of inflation with uncertainty depressing
future output because it discourages investment (Ball, 1992; Lee and Ni, 1996). The
implication from this model, which is also supported by Malkiel (1979) and Friend (1981), is
that, since inflation and inflation uncertainty are positively related, a rise in the inflation rate
results in depressed prospects for output and thus a reduced dividend growth forecast which
affects the denominator of the Gordon Growth Model. A closely related account of this model
is provided by Mascaro and Meltzer (1993) who also find a positive relationship between
inflation and inflation uncertainty and that a rise in uncertainty increases the demand for
money, which in turn results in a decrease in demand for stocks, hence the negative
relationship. While these relationships are noble in their inference of the stock—inflation
relations, the model cannot be relied upon in stable inflationary environments. Moreover, in
deflationary environments the expectation is that the inflation uncertainty will be reduced, but
this depends on the level of the inflation rate and the degree of fall. If the fall in the rate is
huge, all other factors remaining constant, the inflation expectations may not be clear, and
instead of reduced inflation uncertainty such a fall might attract increased inflation uncertainty.
In the context, this model may best define inflation—stock relations in high and volatile
inflation environments rather than in areas of stable and low inflation. The introduction of
inflation targeting has not helped either because inflation is now at the core of monetary policy
decision making. Thus inflation uncertainty is a concern in the short term rather than the

long—term where government policy is expected to provide direction.
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3.5 The stock market

In this section we look at the stock market, which is sometimes referred to as the equities
market. The first part explores stock ownership and the stock market in general. The second
part examines the types of stock index that exist, as well as the forms of trading within the
market. Companies issue shares which define the main part of their ownership structure, and
these shares, also known as stocks, are either offered to the public when the company is listed
or to individuals for privately owned entities. Reilly and Brown (2003) add to this definition by
saying that equities are an ownership of a firm, with full participation in its success or failure.
Companies issue shares to raise money to buy fixed assets or to enter into a business venture
rather than use it for recurrent expenditure. A share, according to Hoesli and MacGregor
(2000) is a paper asset which, as the name suggests, carries with it a share in the capital and
income of the company and a share in the management of the company through voting rights
proportional to the number of shares held. Ross et al. (2005), on the other hand, note that the
term “common stock” has no precise meaning, and is usually applied to stocks that have no
special preference in either dividend or bankruptcy, and where the stockholders receive
certificates with a stated value of each share called “par value”, which is normally lower than
the market value of the stock. Common stocks of a listed company can be bought or sold
freely on the stock exchange and the income for ownership is paid in the form of a dividend.
Since a dividend is not guaranteed in either real or nominal terms, Hoesli and MacGregor
(2000) point out that it depends primarily on the profitability of the company and on the policy
of its directors. As owners of the firm, stockholders indirectly make the dividend policy and
other operational decisions through directors whom they choose at their annual general

meetings (AGM), using their voting rights. While directors work in the interest of
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shareholders, between these meetings sometimes they make decisions that are not in the
shareholders’ interest, thus creating an agency problem. To counter this challenge,
stockholders limit the decisions which the directors can make on their behalf to ensure some

level of control.

According to Bodie et al. (2005), the most important characteristics of common stock as an
investment vehicle is its residual claim and limited liability features. Residual claim means that
stockholders are the last in line of all those who have a claim on the assets and income of the
corporation. During the liquidation of the firm’s assets, the shareholders have a claim to what
is left after all other claimants, such as the tax authorities, employees, suppliers, bondholders
and other creditors, have been paid. The limited liability feature indicates that the most
shareholders can lose in the event of failure of the corporation is their original investment.
Unlike owners of unincorporated businesses, whose creditors can lay claim to the personal
assets of the owner, corporate shareholders may at worst have worthless stocks. Preference
shares are another form of firm ownership similar to common stocks, but they are paid before
profit and their rate of return is a fixed percentage of their nominal values. If the company
makes no profit, no dividend will be paid, but Stanlake (1988) says there is a class of
cumulative preference shares whose holders will receive payment of any arrears of dividends
when the company has a profitable year. In the event of the company being liquidated,
however, preference shareholders will be considered before the common stockholders, as they

are considered creditors of the firm.
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There are many reasons why a stock price could change, varying from company news to the
economic or political situation within which the company operates. The factors are commonly
subdivided into macro factors which are national factors affecting either a sector or the whole
index of stocks, and micro factors which consider company level issues. It is important to note
that the factors presented here are not exhaustive, and merely highlight the main issues within
this subject area. In line with the above submission, macro factors that affect stock prices are
broader and would include world stock price determinants. In the majority of cases macro
factors affect either the revenue potential of the firm or its costs, thus contributing to either a
decrease or increase in profit from which dividends used in the calculation of stock prices are
derived. Fraser (1993) states that the increase in internationalisation of trade and finance has
meant that firms are now affected by changing conditions in the world economy. Globalisation
has meant that goods produced can now be sold in other countries and markets, especially
with more countries removing or reducing trade restrictions, thus increasing the market of a
company. Selling goods and services outside borders, however, has its own challenges for
instance the firm will have to receive its revenue in foreign currency, hence its vulnerability to
currency changes. Similarly, firms can also buy their raw materials beyond their borders,
whether owing to unavailability of local materials or the availability of cheaper materials
outside its borders. Such firms also suffer from changes in the exchange rate. A strengthening
of the country’s currency results in revenues from outside the currency regime being lower
when converted, leading to a fall in the company revenues, while a company that imports
materials will envisage a fall in the cost of production, hence a rise in expected profits.
Internationalisation of markets and a reduction of trade restrictions also mean that companies

are exposed to unlimited competition from throughout the world, and this reduces revenue
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expectations. Currency fluctuations also determine the level of competition from outside the
currency regime, with a fall in the value of currency discouraging external firms, since they will
get less revenue by participating in the market. Moreover, a fall will make it expensive for

locals to buy outside the border, thereby boosting local sales of goods.

Apart from government foreign currency policies, other policies concerning interest rates,
taxation, inflation, public spending, foreign policies and the general influence on economic
activity, affect company productivity and profitability. Interest rates affect shares twofold. First
they are an expense against revenue, as interest on loans track interest rates. Second, the rate of
return which is used to calculate the price of shares is sensitive to movements in interest rates.
The latter submission on the effect of interest rate on stocks is based on the rationale that
interest rates present an opportunity cost of money at no risk, and those willing to invest in
stocks where the risk is higher would naturally expect a higher return than that achieved by a
risk—free asset. In this regard policy shift and economic changes within a region or country will
affect either the revenue of the firm or the cost of production hence its profitability and
subsequently share prices. Economic changes within a country also affect the demand for
goods and services in as much as the availability and lack of disposable incomes is concerned,
and hence profitability. The more disposable income people have, the higher the likelihood of
them purchasing goods and services, thus providing a potential for revenue increase and
dividend availability resulting in a price rise. Labour conditions, which are also a macro factor,
could induce a rise in input costs and expenses of a firm, thereby negatively affecting its

profitability. Despite the economic factors which affect stock markets, Bodie et al. (2005) note
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that the stock market is a leading economic indicator which tends to fall before the recession

and rise before recovery.

The above factors may affect the whole economy; however, some industries would be more
sensitive to each economic factor, depending on its thrust. Fraser (1993) points out that some
industries are vulnerable to cuts in public expenditure, others to foreign competition, and anti-
product campaigns (e.g. tobacco). As a result of these industry reaction differences and
challenges, which could either be a benefit or disadvantage to the firms operating within the
sector, share prices as indicated by a sector-index may rise or fall. An example is the ongoing
campaign against tobacco which has the potential to limit revenue streams for industries that
rely on tobacco products and services, thereby depressing interest in such companies. In
addition to the above issues that could affect individual industries, some industries are affected
by cyclical demand either owing to seasonality or climate changes. For instance, ice cream is
more in demand in summer than in winter, and if this is the firm’s sole product, prices tend to
be unstable and have a seasonal trend. The stage of the industry in its life cycle also tends to
affect the volatility of prices. Industries that are at their growth stage have a higher risk, which
also affects the rate of return since the future prospects of the industry are an important factor
in investor behaviour and hence stock prices. As noted earlier, the aforementioned macro
factors are not exhaustive, but they do show the range of issues that could induce changes in
stock prices besides inflation, thus setting the scene for this research given that the inflation

rate is also one of the macro factors affecting share markets.
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According to Fraser (1993), there are many variables that influence the profitability and risk of
individual firms at a micro level. Of particular importance is the firm’s financial structure,
quality of management, labour relations and diversity of products and markets. A change in the
senior management of a company may be met with mixed views from the market, and these
views will be based on the prospects for growth and revenue generation due to such a change.
The departure of a manager who is considered by the market as a driving force in the firm’s
prospects for growth may lead to a fall in the company’s share price. Similarly, the resignation
of a top manager and the news of a prospective powerful top individual moving in would
increase the share price of the stock as investors anticipate revenue growth under the new
management. This therefore illustrates the importance of information supplied by a firm to the
market, which may, result in market perceptions that could lead to either the fall or rise in a
stock price. Market perceptions are therefore important, and the way the information is
presented to the market will drive these perceptions to a degree. Below, the share price
movements are explored to show the diversity of issue and information that affect movement

of stocks at the micro level, based on an article by Haddaway (2005);

»  Tate & Lyle the sugar group, rebounded from Thursday’s falls, when the World Trade
Organisation made an adverse ruling to an appeal by the European Union on sugar
exports. Analysts forecast lower sugar prices, although traders pointed out that sugar
manufacture was a relatively small part of Tate’s business. Tate was up 3.2 per cent at
468p.

»  Hanson fell 1.4 per cent to 472p on news that a US senate committee had postponed

action on a $140bn fund to compensate ashestos victims.
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»  Shire Pharmaceuticals traded 0.9 per cent lower ahead of its first-quarter results

announcement today. The pharmaceuticals sector has fared well this week with strong
numbers from several large drugs companies.

»  Marconi continued to slide as analysts rushed to update their forecasts in the wake of the
shock news that it had not been selected as a preferred supplier for BT's £10bn
telecommunications contract. UBS slashed its price target on the company to 230p from
726p and cut its rating to ‘reduce’ from ‘buy’. Shares in the telecom equipment group
lost another 12.8 per cent to 260p.

»  LogicaCMG added 3.2 per cent to 160%4p as Deutsche Bank upgraded the IT services
group to ‘buy’ from ‘hold’, saying the weakness in technology stocks on the back of

Marconi’s contract loss had created a rare attractive entry point.

Mergers are also another micro factor that could drive changes in stock prices owing to their
effects on growth prospects, cost reduction, or revenue increases, which induce price
movements. According to Stanton (2002), on 16™ May 2002 Easyjet made an announcement
that it had sealed the takeover of another airline, GO. Given this piece of news, the Easyjet
shares rose by 3% within a day owing to the market reception of the news and the feeling that
the merger would generate more revenue for the new entity. It is important, though, to note
that the market will only react to news on the day of the announcement if it has not yet
factored it in, prior to that date. Ross et al. (2005) emphasise this by pointing out that news
announcements are the sum of excepted and surprise news; therefore the effect of news on
stocks depends on the surprise part of the announcement and not the part that the market has

expected, which it would have discounted already. These issues highlight the diversity of the
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information and actions that could trigger market reaction and, though not exhaustive, the
important issues are, how news or a company’s plans would increase its risk, thereby affecting
its rate of return; how they will affect revenue, growth or costs that determine dividends used

to calculate the stock market price.

3.6 The African stock markets

The JSE Security Exchange, which is the main South African stock exchange, is the largest
stock exchange in Africa in terms of size, volume and number of listings. Jefferis and Smith
(2005) identify four Sub-Saharan Africa stock market categories, the first being South Africa
which dominates other African stock markets that are considered to be extremely small by
world standards. The second category is the medium-sized markets of Nigeria, Kenya and
Zimbabwe which were established in the early to mid—twentieth century. Botswana, Ghana
and Mauritius are in the third category of small new markets that have shown rapid growth.
The final category is the very small, relatively new markets which are considered by Jefferis and
Smith (2005) to be at the embryonic stage and yet to take off. These include Swaziland,
Zambia, Malawi, Tanzania and Uganda. Smith et al. (2002) note that apart from South Africa,
at the end of 1997 all other African stock markets accounted for 0.2% of the world stock

market capitalisation and 2.2% of the emerging stock markets.

At the same time the South African stock market accounted for about 80% of all African stock
market capitalisations. Jefferis and Smith (2005) state that the JSE security market is the
eighteenth largest in the world and the fifth largest emerging market after China, Taiwan,

South Korea and India. Table 3.1 below shows different properties of the African stock
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markets to illustrate the size of the stock markets under review, and that clearly South Africa

has the highest capitalisation by far.

Country Capitalisation' | Turnover? | Liquidity | Number of Stocks
Botswana 2,131 87 4.4 19
Ghana 1,426 46 4.1 28
Kenya 4,178 209 7.4 51
Mauritius 1,955 99 6.2 40
Nigeria 9,494 78 11.0 200
South Africa 267,745 102,808 44.8 426
Zimbabwe 4,975 1,345 26.1 81

Table 3.1: African Stock Markets as at the end of 2003

Another striking feature of the markets is their liquidity, which is low for all the countries, with
South Africa, Zimbabwe and Nigeria the only countries with double digit percentages. This
lack of liquidity is considered by Smith et al. (2002) to stem from both the supply and the
demand sides of the market. From the supply side the challenge is that many shares are held by
parent, often foreign—based, controlling interests that make available a small proportion of
shares for public trading. On the demand side, the investors know that the cost of trading in
and out of the African stock markets is high, and it is not easy to re-establish a position once

sold, hence the tendency to hold on to the shares when bought.

! Capitalisation is in millions and in US dollar terms
2 Turnover is also in millions as well as US dollar terms
¥ The source of the data is Standards and Poors (2004)
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According to Jefferis and Smith (2005), African stock market turnover increased at an average
of 22% between 1994 and 2003, while during the same period emerging stock markets
increased by only 9%. Smith et al. (2002) note that many factors have contributed to this
expansion and growth, one of which has been the economic reform programmes undertaken
by most African countries during the last two decades. Most African countries underwent
economic reforms in the 1990s, including privatisation of formerly state—owned enterprises;
thus more shares were floated on the stock exchanges. In addition to the privatisation strategy,
the reforms also sought to strengthen the independence and working environment in which
the stock markets operated, through financial sector reform. The greater role of market forces
in price determination and allocation of real and financial resources is noted by Jefferis and
Smith (2005) as a factor that contributed to the expansion and growth of African stock

markets as well as improved standards of market governance.

Relaxing exchange rate controls and reducing foreign investor barriers to entry increased
participation of foreign portfolio investors who were attracted to the African stocks mainly
owing to their low correlation with major markets thus providing an alternative diversification
option. In their 1993 report, Morgan Stanley (1993) noted five main problems facing foreign
investors interested in African stock markets (Smith et al., 2002). First, the countries lacked a
freely convertible currency and the margin between the official and the market exchange rates
(reflected in the parallel market) was as high as 30%. Second, at that time, apart from South
Africa and Zimbabwe, there were no investment reports. Another problem was the four to
five months’ lag on earnings reporting and the difficulty in obtaining timely news on listed

firms. The fact that it was not an explicit requirement for listed firms to publish their audited
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accounts presented a challenge because many companies did not publish their income
statements or balance sheets regularly. The final problem noted in the Morgan Stanley report
related to the reality that there were few banks that met minimum capitalisation requirements
for custodial banks outlined by the authorities, and this meant that there were delays in seeking

suitable custody and settlement arrangements.

Most stocks are traded on the stock exchange. However, with the developments in the
technology sector, some stocks can now exchange ownership through Internet transactions,
and Ross et al. (2005), define the two types of market as an auction market and a dealer market.
The former relates to an exchange market where trading takes place on a single site on the
exchange floor and transaction prices are communicated immediately to the public. Most Sub-
Saharan Africa stock exchanges operate an auction system, but in May 2002 the JSE Security
Exchange started trading on the JSE Stock Exchange Electronic Trading Service (JSESETYS)
which is hosted in London and is a version of the London Stock Exchange (LSE) SETS
technology tailored for the needs of the JSE (Irving, 2005). According to Irving (2005),
JSESETS replaced the Johannesburg Equities Trading (JET) system under an agreement with
LSE that promotes cross—border trading in most liquid securities between South Africa and
the United Kingdom. Another Sub-Saharan Africa country which has been using sophisticated
technology since 2001 is the Stock Exchange of Mauritius (SEM), whose trading, clearing and
settlement are automated. Irving (2005) claims other African countries want to operate the
SEM automated trading system (SEMATS), which is closely linked with the central depository
system (CDS). Each of the stock markets that this research is looking at are reviewed below to

provide further understanding of the markets.
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3.6.1 Botswana Stock Exchange

The Botswana Stock Exchange (BSE) was formally established in 1995, but before then it had
been operating as an informal share market since 1989. In 1989 it started with five listings
growing to twelve in 1997 and eighteen in 2004. The stock exchange, whose listing is
concentrated on the financial and services sectors, also caters for fixed income securities,
particularly government bonds of two, five and twelve years, which are available to foreign
investors. Trading is ‘open cry’ and settlement is on a manual T+5 basis, which means the
settlement is five days after trading occurs. According to Irving (2005) capitalisation was
US$2.55 billion with a turnover ratio of 0.2%. Foreign investors are allowed to participate in
trading, but individual investors are limited to 10% ownership of a listed company with a 55%
aggregate for all foreign investors. To list on the Botswana stock exchange a firm has to pass
the profit test, which entails having achieved satisfactory profit over three years and at least 1
million Pula (equivalent to US$165.810 as at end of December 2006) before tax in its last
reported and audited financial results. When listing, at least 1 million shares should be floated,

with the public holding at least 20% and the minimum number of public equity holders is 300.

3.6.2 Nairobi Stock Exchange

The Nairobi Stock Exchange (NSE), which has been Kenya’s national stock exchange since its
independence in 1953, is a regional stock exchange for Kenya, Tanzania (formerly Tanganyika
and Zanzibar) and Uganda. According to Smith et al. (2002), the stock exchange was inactive
until 1993, when economic reforms kicked in, resulting in privatisation and the relaxation of

restrictions on foreign investors and exchange controls. The stock exchange operates as a
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three—tier exchange made up of the main stock segment, alternative investment segment and
the fixed—income security segment. By the end of 2007 it had fifty-eight listings made up of
fifty-two equities and six corporate bonds (seventy government bonds also listed on the fixed—
income segment). As at the end of 2008, the NSE operated a T+5 system as well as floor
based open cry trading. In November 2004, the manual trading system was replaced by an
electronic on when the Central Depository and Settlement Corporation was set up. Capital
gains tax was suspended in 1985, and the main taxation is now the withholding tax , at 5% for
local investors and 10% for non-residents who can own up to 75% of any listed company. For
corporate bonds and government treasury bonds, a 15% withholding tax is applied across the
board. On listing, at least 25% of the shares must be held by not less than 1,000 public

shareholders.

3.6.3 Ghana Stock Exchange

In 1971 the Stock Exchange Act was enacted with the Accra stock exchange incorporated, but
it did not operate until 1991. In 1989, the government set up a ten member committee to
establish the Ghana Stock Exchange (GSE), which was incorporated in July 1989 as a private
company. Trading only commenced on the exchange floors on 12 November 1991, following
the official launch of the exchange in January 1991. The GSE, which became a public limited
company in 1994, operates three lists with different requirements for equities, but also
provides a platform for fixed—income securities to be traded. To list on the first listing, a firm
has to have published audited accounts over five years and to have been profitable as well as
show strong potential to be profitable. For the second listing the requirement is three years of

published accounts and one year for the third listing.
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3.6.4 Stock Exchange of Mauritius

The Stock Exchange of Mauritius (SEM) was established as a private company in 1989 with
five firms, but rose rapidly to thirty-nine firms in 1995. As at the end of 2006, the SEM was
dominated by banks and insurance firms, which who accounted for 36% of the market
capitalisation, followed by tourism (24%), investment (14%), commerce (11%), sugar (9%),
industry (4%) and transport (2%) (SEM Ltd, 2007). Smith et al. (2002), note that the market is
small and is not very liquid. However, it is helped by the absence of restrictions on foreign
investors who play an active role in the market. The exchange has been operating an over—the—
counter system since 1999. Settlement is on a T+3 basis and automated, as is trading and
clearing. According to Irving (2005), SEM sponsors regular radio talk programmes and public
education to generate local interest and explain stock market investing. Before listing, a
company should have published audited accounts for three years, and the accounts have to be

at least six months old before listing.

3.6.5 Nigeria stock exchange

The Nigeria Stock Exchange was established in 1960, but according to Jefferis and Smith
(2005) until the 1990s the exchange was operating as a forum for trading government bonds
rather than equities, and trading was highly regulated. Like most African countries, Nigeria
introduced economic reforms in the 1990s, and these resulted in the deregulation of the stock
market as well as privatisation, which increased the number of listings. The Nigeria Stock
Exchange operates an automated trading system which was introduced in 1999. Smith et al..

(2002) state that trading on the exchange has been constrained by restrictions on foreign
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ownership and long—standing political and economic problems. This means that before 1995
the market was closed to foreign investors, and was thus driven by domestic sentiments. In
1995, restrictions on foreign participation were removed, and this provided a boost for the

exchange, though liquidity still remains low.

3.6.6 JSE Security Exchange

The South African stock exchange is the largest is Africa, and the second oldest after the
Egyptian Stock Exchange, having been established in 1887 to raise finance for gold mining.
Until the early 1990s, apartheid in South Africa caused many foreign investors to avoid
investing in the country, including the Johannesburg Stock Exchange (JSE), South Africa’s
national stock exchange. After the abolishment of apartheid, the new majority government
introduced economic reforms, including stock market reforms, allowing foreign investors to
participate in the market. Also, an electronic trading system replaced the open cry one in 1996.
Foreign investors were discouraged to invest by the foreign exchange system that operated
then, whereby they had to use a financial rand instead of the normal rate and the financial rand
applied capital transactions. Irving (2005) notes that the increase in foreign inflows also meant
that the exchange was vulnerable to volatility in international financial markets like during the
Russian and Brazil crisis in 1998 when the JSE fell 30% in one month. At the beginning of this
century the JSE changed its name to JSE Security Exchange to reflect its national outlook.
New reforms included the introduction of an electronic settlement system and new listing
requirements. Transactions were now performed through the Share Transactions Totally
Electronic (STRATE) settlement system, and payment was on a T+3 basis. As shown in Table

3.1, liquidity on the JSE is low, and Smith et al. (2002) attribute this to the domination of share
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ownership by large conglomerates which are a result of strict exchange controls on capital
accounts that restrict South African firms from exporting capital, hence their only choice is to
take over other domestic firms. These restrictions have also led to an increase in recent
delisting to other exchanges, particularly the London Stock Exchange. Another challenge
currently facing the JSE, according to Jefferis and Smith (2005) is concern over insider trading,

given the prevalence of suspicious share price movements prior to major announcements.

3.6.7 Zimbabwe Stock Exchange

Between 1896 and 1902 the Zimbabwe Stock Exchange (ZSE) operated from Bulawayo
(Zimbabwe’s second largest city) before the operations were halted. In 1946, it reopened again
in Bulawayo, then in 1951 had another office in Harare, where it now operates from. Cazenove
(1977) described the ZSE as a ‘dozy club with two members’, but this changed after the
introduction of economic reforms in the 1990s (Jefferis and Smith, 2005). In 1991, the
government introduced the Economic Structural Adjustment Programme with the assistance
of the International Monetary Fund (IMF), and this led to changes in the financial sector,
including the stock market. According to Smith et al. (2002), the major boost to the market
came with the opening of the exchange to foreign investors in May 1993, along with the
relaxation of exchange controls. However, there are still restrictions on foreign investor
ownership, with individual investors limited to only 10%, and collectively foreign investors can
only own a maximum of 40% of any listed company. Foreign participation has decreased since
the start of this century owing to the erosion of property rights and the difficulty in
repatriating earnings because of foreign shortages and a general rise in political and economic

uncertainty (Irving, 2005). Despite this drop in foreign participation, the stock market was the
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best-ranked performing emerging market on the Standard and Poors Global Index, and
Irving (2005) attributes this to lack of alternative investment opportunities since interest rates
were unattractive in the face of rising inflation. This view is supported by the evidence of a
massive fall in 2004 which was caused by the hiking of the interest rates from 300% at the end
of 2003 to over 700% at the beginning of 2004. ZSE trading is paper based with an open cry

trading system for the exchange that caters for equities as well as bonds.

3.7 Conclusion

This chapter has presented a review of the relationship between inflation and stocks based on
existing theories and current academic arguments. Three main competing theories have been
identified: the Fisher effect, the Proxy hypothesis and the Inflation Illusion hypothesis. Apart
from minor overlaps, these theories seem to have been popular in different periods, with the
Fisher effect occurring prior to the 1970s, after which the failure of empirical evidence to
support it resulted in the birth of the Proxy hypothesis. The Proxy hypothesis was topical in
the 1980s and 1990s as researchers either confirmed it as the main reasoning behind stock-
inflation relations or provided contrary evidence. Modigliani and Cohn suggested the inflation
illusion hypothesis in 1979, but this hypothesis only became popular at the turn of this century.
Its popularity is a result of the failure by the Proxy hypothesis to comprehensively explain the
negative relationship between inflation and stocks. Questions are now being asked about the
validity of the Inflation Illusion hypothesis, which is consistent with practitioner behaviour but

lacks sound academic backing.
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The Proxy and the Inflation Illusion hypotheses are rooted in the existence of negative stock—
inflation relations evidence but fail to account for positive findings, especially when long—run
data is used and modern techniques that explain long—term relationships are considered. The
reality that inflation can be induced by a variety of different shocks as well as being a product
of a reactive and proactive government policy demonstrates the complexity that will continue
to befall a ‘minor assumption based’ academic reasoning in the stock—inflation relations. At
best, indications are that different economic regimes and structural changes are pivotal in
explaining the nature of the relationship between stocks and inflation, hence this relationship
will be sensitive to the period used in the analysis and the economic regime of a particular
country. This conclusion is based on the existence of different results in time, geographic and

economic settings.

This chapter has also confirmed African stock markets as predominantly young and small in
terms of capitalisation through tracing of their histories and a review of existing literature. A
common feature in all the stock markets is the rapid growth experienced during the 1990s,
when economic reforms were introduced. The reforms targeted, among other economic and
financial issues, the establishment of new stock markets and the rehabilitation of existing ones
in line with global trends. In most of the countries, though, these reforms fell short, especially
on the crucial foreign investor participation because of the existence of restrictions. From an
international investor perspective, where these restrictions do not exist, African stock markets
provide an alternative investment platform for diversification given their low correlation with
other major stock markets. The major concern for investors, though, is the liquidity challenge,
meaning that most of the markets are not very liquid and operate manual to semi-manual

trading and settlement systems that compromise efficiency.
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CHAPTER FOUR

HIDDEN INFLATION IN AFRICA

4.0 Introduction

The literature review in the previous chapter explored the relationship between inflation and
stocks assuming that the data used in the analysis is accurate. Since the magnitude and level of
interaction between these variables can be influenced by the accuracy of the reported figures,
there is a need to establish the correctness of the data. Determining the accuracy of time series
data can take three forms. The first is the analysis of the raw collection, data input procedures
and data storage. The second approach to data accuracy investigations is to carry out an
independent physical verification based on a sample of the population, and to compare the
results over time with the officially announced data. A third approach is to analyse the
collected data, logically infer its accuracy using statistical means and analyse the data relations
with other data sets. The advantage of such an approach is that it can be done relatively quickly
with reasonable accuracy, though it assumes that the collected data is accurate, thus

compromising the robustness of the findings.

The first approach to data accuracy determination noted above requires a systematic review of
the procedures used in the collection and storage of data as well as the analysis of the
qualifications of data capturers. Such review and analysis could entail physically examining
these processes to arrive at an acceptable conclusion on data accuracy. To carry out this review
in the countries under consideration can take considerable time and resources which

unfortunately this research is unable to undertake. The second approach would involve

89 »<



Bekithemba Mpofu PhD Thesis

carrying out a survey in the seven countries, which would require substantial resources and be
time consuming, as it would entail getting approval from governments that might be hostile to
a process that seeks to condemn their practices. This study will therefore employ the third

approach in determining data accuracy, which is the most viable under the circumstances.

Considering the stock market and inflation data sets used in this research, it is difficult to
obtain information relating to the weights used to calculate stock market index in the African
countries under consideration, thus rendering data analysis complicated. However, the data on
inflation weights is readily available as it forms part of the inflation data announced in every
country. This chapter will therefore explore the presence of unofficial inflation, or establish if
inflation in Africa is appropriately measured, to ensure that results from the ascertainment of
inflation—stock relations are robust. To determine the prevalence of unofficial inflation, this
research will investigate the existence of hidden inflation for the first time in Africa through
the analysis of food and non-food inflation, as well as the relationship between poverty and

food weights used in the inflation rate calculation.

The indications from the interaction between food and non-food inflation show the existence
of unofficial inflation in Sub-Saharan Africa, given that on average food inflation in
Zimbabwe, Kenya and Mauritius increased at a higher rate than non-food items during the five
years to January 2007. The statistically significant difference between food and non-food
inflation is a concern in these countries as consumer consumption surveys, which are used to
determine inflation weights, are conducted more than five years apart. The gaps between these

surveys, which are a basis for inflation weight determination, mean that inflation a few years
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after the survey dates will not be accurate, especially when food inflation, which constitutes a
large share of African countries’ inflation calculations, increases faster than that of non-food
items. Thus the cumulative effect of both statistically significant differences in the increases
and the high percentage weight of food inflation in inflation calculation provide sufficient

evidence for the existence of hidden inflation.

The remainder of this chapter is structured as follows: Section 4.1 presents the background to
this study; Section 4.2 looks at the relationship between poverty and food weights; and Section
4.3 examines the nature of inflation components and weights in Africa. Hidden inflation in
Zimbabwe is considered in Section 4.4, while the evidence in other countries is looked at in
Section 4.5. Section 4.6 explores inflation in Africa, including the investigation of the causes of

inflation in Zimbabwe. The main conclusions are summarised in Section 4.7.

4.1 Study background

A country’s inflation could be understated owing to either hidden inflation or repressed
inflation within the consumption market which constitute elements of unofficial inflation
(Nuti, 1986). The former, as Nuti (1986) states, relates to higher prices than officially recorded,
while the latter refers to rising excess liquid balances in the hands of the population with
respect to what they would wish to hold if the markets cleared at official prices. Munoz (2006)
confirmed the existence of repressed inflation in Zimbabwe and, through an analysis of
consumer price index components, this thesis will show evidence that the hidden inflation

component of unofficial (unrecorded) inflation is also prevalent in the continent.
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According to Nuti (1986), who looked at Soviet-type economies, unrecorded but hidden
inflation occurs for three different reasons. First, it occurs because of price rises above the
official level, where the official price may lag behind actual prices, with retailing organisations
charging premiums to consumers. Prices of basic commodities in Zimbabwe were the subject
of government pegging through statutory gazetting of them for more than five years from
2002 to 2007. This strategy was been used as a way of ensuring control of the rocketing nature
of prices, but instead it resulted in chronic shortages within the economy. Cheung (1974), in
his paper on the Hong Kong market, confirmed that price controls induce shortages and, as
Nove (1981) puts it, in a system where price controls exist and product mix can be varied, the
price index will always understate price rises. Shortages, according to Katsenelinboigen (1977),
lead to the mushrooming of illegal markets commonly known as brown or black markets. Such
illegal markets charge above official prices as witnessed in the Soviet Union during the twenty
century. Price controls have therefore been one of the reasons for the existence of hidden
inflation in Zimbabwe, as the government does not recognise the black market prices despite
the ordinary populace buying goods such as fuel and food from this market since 2002. The
buying of goods from the expensive black market means more money from the household
expenditure is spent on those goods that are not available in the official or legal market. Thus,
the concept that a true price index ideally ought to record the price actually paid by the
ultimate users (Nuti, 1986) becomes hard to fulfil. The shortages of basic commodities and
fuel, and the rocketing of residential rentals in Zimbabwe have thus led to a shift in the

consumer basket of the populace, making the current inflation weights an illusion of reality.
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Second, hidden inflation occurs when there is progressive forced substitution by consumers of
goods which are available, at official prices for goods that are not available and where such
substitutes are usually more expensive than government gazetted ones. Apart from hidden
inflation brought about by official prices lagging behind black market ones, many substitute
goods have emerged in Zimbabwe, especially food products. In trying to beat price controls,
bakeries introduced milk bread and rolls in late 2003, products that were not controlled, while
at the same time reducing the supply of ordinary bread, forcing consumers to resort to
substitutes. Substitutes of this nature are, however, not captured in the inflation index despite
the apparent contribution they make to a household basket. Moreover, when the index is
calculated such goods are omitted or their importance is not acknowledged. Another
systematic substitution noted within the Zimbabwean market is the progressive movement
from cheap maize meal to expensive, refined meal products and the removal or reduction in
the supply of ordinary flour in favour of cake floor; these substitutes were not controlled as at
the end of 2006. Substitution of goods also takes the form of bringing to the market readily
available products of inferior quality at a cost higher than is warranted by quality and under
sellers’ market products will always be sold, even when the price rise is in no way

proportionate to the improvement in quality (Nove, 1981).

Third, unofficial inflation occurs when quantity weights in official price indices understate the
relative weights of the goods whose actual market prices rise relatively faster than either
officially announced or not. Quantity weights different from those appropriate to actual prices,
could lead to price index bias either way, and by systematic official understating of weights the

result is likely to be the cosmetic data manipulation by authorities (Nuti, 1986). According to
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Morrow (1986) relative price movements during inflation give rise to a shift in relative
purchasing powers across income brackets, resulting in changes in consumer behaviour. Table
4.1 shows the inflation weights in different African countries. It can be seen that the food
component of the weights in Zimbabwe is within six percentage points of those in South
Africa, Botswana and Mauritius, while the economic situation in the country is substantially
different. The food component in the weights in the different countries is also an area of
interest from the view point of poverty levels, especially the fact that over 71% of the
population in Zimbabwe lives below the food poverty line (Campell et al., 2002) with 72%
urban householders defined as poor, including 51% deemed very poor, meaning they cannot
afford to buy enough food (Polts, 2006), let alone pay for the other components that make up
the inflation basket. Morrow (1986) defines household poverty as a situation where 62% of
income is apportioned for the purchase of necessities such as food, shelter and clothing. This
means that technically over 71% of people in Zimbabwe spend about 62% or so on food, and
despite the fact that the above-mentioned definition of poverty is based on the Canadian
population, the 54% allocated for food, shelter and clothing is not reflective of the 51%
deemed very poor. The above argument is further complemented by Hollister and Palmer
(1973), Mirer (1974), Muellbauer (1974), Irvine and McCarthy (1980) and Shorrocks and
Marlin (1982), who note that low income householders suffer disproportionately from
inflation because of the high budget share allocated to food, which tends to rise in price faster

than other commodities.

Nigeria, whose food contribution to the consumer price index is 64%, has two-thirds of its

population living in poverty (Agbogidi and Ofuoku, 2006); while in Ghana food represents
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contributes 52% with over 50% people living in poverty (Duclos et al., 2006); and Kenya, with
over 43% (World Bank, 2003) of people living in poverty, has food contributing 51% to the
consumer price index. While poverty measurement tools are varied, so are household sizes and
education attainment, which tend to aggravate poverty (Okunmadewa et al., 2007), and these
are different within African countries. The argument against the 32% weighting of food in
Zimbabwe in this context cannot be ignored. In this regard, the Zimbabwean inflation basket
weights, which are based on the household consumption survey of 2001, look unrealistic given
the rise in poverty levels between 2001 and 2007, indicating the presence of hidden inflation in
Zimbabwe even in the face of the argument for the differences in the sources of food material
and production costs within African countries. Moreover, the fact that over 80% of the
Zimbabwean population is considered to be unemployed and the inflation rate is increasing
faster than salaries, there is continuous erosion of income. People concentrate on spending for
survival, with most of their income devoted to biological and physiological needs noted in

Maslow’s* hierarchy of needs.

4.2 Poverty and food inflation weights

The relationship between poverty and food weights was looked at in general terms in Section
4.1 above. However, to demonstrate this association, data for both poverty and food weights
in different countries were collected. The international poverty line measure was used in this
case to ensure cross comparison of estimated poverty figures, since countries have different

measures and definitions of poverty. Local poverty lines have higher purchasing power than in

* In terms of Abraham Maslow’s hierarchy of needs, under biological and physiological needs there is: air,
food, water, shelter, warmth, sex, sleep, etc. that are basic life needs.
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rich countries, where generous standards are used compared to poor ones (World Bank, 2005).
International poverty line data, which uses $1 a day expenditure standard, is obtained from the
World Development Indicators 2005, and is used to determine the relationship which the
World Bank (2005) states is a standard measure to hold the real value of the poverty line
constant across countries. In addition to the above, data inflation food weights were collected

for each country from their official statistical authority websites.

Care was taken in obtaining this data to ensure that the base year of the poverty survey
contained in the World Development Indicators 2005 corresponded with the year in which the
household consumer survey data for the weights was carried out. Two years either side of the
poverty survey was allowed when accepting the household survey for this purpose thus only
eighteen out of ninety countries (data points) were chosen using this decision rule. The choice
of two years either side of the survey was based on the recommendations made by Morrow
(1986) as well as the rationale that, within a fairly stable economy, poverty levels would not
decline dramatically over two years. In the UK, surveys are carried out every year and this is
the norm in most developed countries; hence the use of the two years in environments where
baskets are reviewed more than five years apart is considered here as an acceptable
compromise. Figure 4.1 below presents the scatter diagram for the relationship between

poverty and food weights on the basis of $1 per day poverty line.
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Poverty and Weights Chart
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Figure 4.1: $1 per day poverty line and food inflation weights chart
The diagram shows a slight positive relationship between poverty and weights, but this is not
conclusive as there are many data points clustered to the top left. The reason for this is that the
percentage of people in these countries living on $1 per day is small, indicating that more
people live on more than this amount. The correlation coefficient for this relationship is 0.2
and demonstrates that food weights and poverty as defined by the $1 per day poverty line
move in the same positive direction. However, this calculated statistic is not convincing, and a
formal regression is presented to ascertain the significance of the relationship. Equation 4.1
below is a regression that shows the relationship between poverty and food weights in a more

precise form.

fw =44 .59 + 0.12 pv 4.1
(7.839)  (0.824)

where fw represents food weights and pvthe poverty level as defined by the $1 per day

poverty line. The coefficient for the poverty variable in this equation has a reported probability

of 0.422 as well as a t-statistic of 0.8242, and this clearly shows the statistical insignificance of
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the $1 per day poverty line in explaining food weight changes. However, R-squared is 0.0407,
revealing that only 4.1% of changes in weights are explained by movements in poverty levels as
defined by $1 per day poverty line. R-squared further confirms that poverty levels as defined
by the $1 per day poverty line are not important in explaining food inflation weights,

considering that the regression has an insignificant F-statistic of 0.6793.

The other measure of poverty recommended by the World Bank is the International poverty
line as defined by $2 per day expenditure. Figure 4.2 is a scatter diagram based on the

relationship between the $2 per day poverty line and food inflation weights.

Poverty and Weights Chart
80.0
. 70.0 .o
X * *
= 60.0 . Y Y
%) 50.0 *> * . .
‘% 40.0 K * - S
= 300
k=] S *
S 20.0
% 100
O-O T T T T T
0.0 20.0 40.0 60.0 80.0 100.0 120.0
people living below poverty line (%)

Figure 4.2: $2 per day poverty line and food inflation weights chart
The $2 per day poverty line data and inflation food weights relationship seems to be more
linear, as most of the data points are spread such that a positive relationship is clearer than in
the case of the $1 per day poverty line. The correlation coefficient for the two variables is 0.5,
a figure which is positive and higher compared to the earlier relationship. This submission is
further supported by Equation 4.2, which has a 0.223 R-squared indicating that the equation

explains over 22.3% of movements in food inflation weights.
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fw = 33 .71 + 0.24 pv 42
(4.505) (2.143)

The impact of the $2 per day poverty line is confirmed as an explanatory variable in food
inflation weights at 5% level of significance, since its probability is 0.0478. The F-statistic of
4.5923 for this regression is also significant at the 5% level. Thus a 1% increase in poverty

would warrant a 0.24% movement in food inflation weight adjustment.

If poverty in any of the African countries is increasing there is need to have a more regular
consumer consumption survey to ensure accuracy in the calculation of inflation. This situation
is more compelling where food inflation is increasing at a higher rate than non-food inflation.
The challenge with using this approach, though, is that it assumes food to be the only
biological and physiological need while it is not. In fact, it might be that food; clothing and
shelter expenditure weights increase together as poverty soars. However, people can live in
shacks in Africa without paying rent and can buy second-hand clothing, which is not
accounted for in the inflation basket, but they cannot survive without food, hence the rationale
for this approach. Moreover, the remainder of the non-food inflation weights could be
apportioned such that the biological and physiological needs get a bigger share, thereby

reducing or foregoing expenditure on such items as transport, education and eating out.

4.3 African inflation components and weights

The data for the weights provided here is obtained from each country’s central statistical
offices. All seven Sub-Sahara African countries under consideration are represented in this

section, namely Botswana, Ghana, Kenya, Mauritius, Nigeria, South Africa and Zimbabwe.
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Table 4.1 presents the weights for the components that make up the countries’ consumer price
index as at February 2002 and January 2007. The last row of the table gives the base year in
which the weights were originally established after a household consumption survey. Since
these surveys are expensive, most of these African countries do not update their weights more
than every five years. Mauritius updates its inflation weights every five years and its inflation
weights shown here under the 2007 column were a result of their seventh Household Budget
Survey (HBS) carried out between July 2001 and June 2002. This survey took a sample of over
6,700 households from representative regions. By 2007, Kenya and Ghana were still using
weights based on consumer surveys taken in 1997, and so are over ten years old. South Africa’s
weights under the 2007 column are based on a ten-year-old survey of 2000, while Botswana
has the latest consumer basket introduced in 2006. Nigeria’s 2003 basket is the second latest
basket for this research sample period. Zimbabwe changed its inflation weights in June 2005,
but the new weights are based on a consumption survey carried out in 2001. The effect of
using weights based on a survey over a year old is that consumer buying patterns change. As a
result, the consumer price index will not reflect the basket of goods for the national
population. In addition, Morrow (1986) points out that using the fixed weighting system in the
computation of the consumer price index tends to produce bias in the index by not taking into
account expenditure substitutes practised by consumers in the event of price, taste or income

changes. Therefore reweighing at least every four years is recommended.

Table 4.1 offers twelve categories for consumer price index weights. However, South Africa
publishes sixteen categories, including a section called ‘personal care’, which is included under

‘other category’ in some countries, and in Table 4.1.
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Categories Zimbabwe | Botswana | SA |Kenya| Mauritius |Ghana| Nigeria
2002( 2007| 2002| 2007| 2007| 2007| 2002/ 2007 2007| 2002| 2007
Food 34| 32| 26| 22| 27 51 34 32 52/ 69| 64
Beverage, tobacco 16 5 13 9 3 3 9 9 4 5 2
Clothing & footwear 7 6 6 8 4 9 8 6 10 5 3
Rent, fuel & power 17\ 16| 15/ 11| 23 16 10 9 9 12| 18
Furniture, h/hold 8| 15 9 7 8 6 8 6 7 4 4
Medical care 2 1 6 3 11 2 3 3 4 1 1
Transport 7/ 10 20, 19| 13 6 12| 13 6 2 4
Communication 0 1 0 3 3 0 2 3 0 0 0
Recreation, culture 1 6 2 2 3 6 4 5 5 1 1
Education 5 3 4 3 3 0 3 4 0 0 0
Restaurants, hotels 0 2 0 3 0 0 5 5 0 0 0
Misc. G & S 5 4 1 10 4 2 4 5 3 1 0
Total 100/ 100| 100/ 100 100 100 100] 100 100, 100 98
Base 1995/ 2001| 1996| 2006/ 2000{ 1997| 1997| 2002 1997 1985| 2003

Table 4.1: Consumer price index components and weights in Africa

Another separate category offered by South Africa is the fuel and power one, which here is
included under rent, fuel and power (also referred to as Housing in this chapter). Finally, South
Africa has a separate non-alcoholic beverage and cigarettes, cigar and tobacco sections, which
are included in the food and non-alcoholic beverages section as well as the beverage and
tobacco sections in other countries under consideration. It can be seen that some countries
have zero weights on some of the categories, the reasons for this is: communication, is
included in the transport section; education is part of recreation and culture; and restaurants
and hotels are part of the miscellaneous category. Unfortunately, separating out the weights of
these categories is not possible owing to limited information available in the countries

concerned.

Food has the highest weight in the consumer price index of all the countries under study, with

the 64% in Nigeria being the highest as at January 2007, followed by Ghana (52%) and Kenya
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(51%). The 22% food contribution in Botswana is the lowest of the seven countries, and

indications are that more of consumers’ money is being spent on transport and housing which,

with food, constitute the top three contributors to the inflation index. In contrast, Table 4.2

shows the weights in the United Kingdom, where food contributed 11.5% in the 2002 basket

but only 10.3% in 2007, which indicates the relationship between the food component of the

inflation weights and the development of a country. The other major contributor to the

consumer price index (CPI) in African countries is housing which contributes 23% in South

Africa and 18% in the Nigerian inflation figures. This implies that most consumer expenditure

in Africa is on survival, in line with the Maslow hierarchy of needs, with food and shelter

components contributing over 50% and even 80% in some countries, but just 22% in the UK.

Categories 2002 2007
Food 115 103
Beverage, tobacco o1 43
Clothing & footwear 61 62
Rent, fuel & power 107 115
Furniture, h/hold 69 68
Medical care 23 24
Transport 140 152
Communication 24 24
Recreation, culture 159 153
Education 17 18
Restaurants, hotels 137 138
Miscellaneous 97 100
Total 1000 1000

Table 4.2: Consumer price index components and weights in the United Kingdom

Beverages and tobacco, in 2007, contribute 9% in Mauritius and Botswana, representing the

highest contribution to the consumer basket compared to other countries, closely followed by

5% for Zimbabwe. The contribution of education is almost similar in the most southerly
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countries, with Zimbabwe, Botswana and South Africa all having a 3% weight contribution to

inflation, and Mauritius a 4% inflation basket contribution.

4.4 Hidden inflation in Zimbabwe

Inflation in Zimbabwe rose from 116.7% to 1,593.6% between 2002 and early 2007, an
increase of over 1,400% within five years. Using the presentation in Section 4.2 above, this
increase should lead to a household expenditure that is biased towards food, and hence a
requirement for more regular revision of inflation weights. This section endeavours to illustrate
and prove the effect of miscalculated weights on the overall inflation figure. To demonstrate
this, as a first step, year-on-year inflation rates for food and non-food items are explored to
check if the increase in the inflation rate in each component is statistically different from the
other component. The results in this section will be divided into two periods: January 2003 to
May 2005 and June 2005 to August 2007. This division was necessitated by the fact that the
inflation weights in Zimbabwe were revised in June 2005. Unfortunately, the revised weights
are not based on a consumer survey carried out in that year but one from 2001, when inflation

was still in double figures on average as opposed to 267% on average in 2005.

Table 4.3 shows the difference between the movement of food and non-food components of
the inflation basket. The table uses the following equation:

M =F - NF 4.3
where M is the mean of the difference between food inflation F and non-food inflation NF
in Equation 4.3. The results show a positive average mean over both periods, indicating that

food inflation has been increasing at a higher rate, and a large increase in the second period.
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Mean® Standard Deviation T- Statistic
Jan 2003—May 2005 23.8707 60.3065 2.1316
Jun 2005—-Aug 2007 286.4148 661.4539 2.2500

Table 4.3: The difference between food and non—food inflation in Zimbabwe
For both periods, given the t-statistic, there is proof at 5% level of significance that food
inflation increased at a faster rate on average than non-food inflation. The figures are worrying
in the context of rising poverty in the country, and indicate that an upward revision of the

inflation food weights would result in a higher inflation rate.

Two approaches can be used to examine the effect of poverty on the distorted inflation figures
in Zimbabwe. One is to apply the poverty-weights regression calculated above and presented
as Equation 4.2 to arrive at realistic food weights for the country. The other is to use a country
with a similar poverty line. The challenge with the latter approach is that even where the level
of poverty is similar, this does not necessarily indicate identical food weights because many
considerations contribute to food weights, including the source of the food, the state of the
agricultural sector, production costs and the machinery used to produce the food. Moreover,
the tastes and types of food products eaten in different countries is not always the same. In the
context of this argument, Equation 4.2 becomes relevant as it cuts across nations and sources
of food production. Using the evidence that poverty increases the percentage of food weights
based on Equation 4.2, the Zimbabwean food inflation weights are then revised using the 80%
international poverty line for the country as presented by the World Development Indicators
2005. The results show that the food weights component jumps 19 percentage points to 51%,

a figure close to that obtained for Kenya and Ghana. The effect of this result is an inflation

® The mean in Table 4.3 is the mean of the difference between food and non-food inflation as presented in
Equation 4.3.
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difference, as shown in Table 4.4, which also shows the understatement of the inflation rate

figures in Zimbabwe.

Jun 2005—-Aug 2007 Jan 2003—May 2005
Average Difference 60.9456 4.5037
Standard Deviation 129.2568 9.7652
T—Statistics 2.4500 2.4836

Table 4.4: The difference between re-calculated and official inflation figures
Average difference in Table 4.4 presents the difference between the re-calculated inflation rate
and the published figures; the positive mean indicates that re-calculated figures are higher than
official ones. The table further shows that on average inflation in Zimbabwe was understated
by 4.5 percentage points between January 2003 and May 2005, representing an average of
1.3%. These percentage point differences are all statistically significant at 5% level of
significance. The distortion is higher between June 2005 and August 2007, when annual
inflation was understated by over 60 percentage points during a period when average inflation
was 1,857%; thus the distortion represents a 3.3% understatement. Given the compounding

nature of annual inflation rate relation, this distortion translates to over 35% by June 2007.

It is important to note that the above calculations are free from the effect of black market
prices, which could increase the understated figures by a couple of percentage points. Since
most black market traders in Zimbabwe buy goods at official markets and sell them to
customers at a mark—up, usually of not less than 20%, with fuel mark—up at over 100%, the
effect of this is twofold. First, since the goods on the black market could only have been
included after weight reconstitution, in the case of Zimbabwe the households were, in fact,
spending more money on the item, which is found on the black market but is not anticipated

by the consumer basket. Second, when the CPI is compiled only official prices are considered,
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and the black market ones ignored, despite householders failing to get the commodities with
gazetted prices which the government uses as a yardstick for price compilation. This means
that the actual prices paid by consumers on a product are understated on the index, thus giving

credence to the existence of hidden inflation in such cases.

4.5 Evidence of hidden inflation in other Sub-Saharan African countries

Consumer price index weights can be used to determine or infer the accuracy of the inflation
rate in a country as noted in Section 4.4. In particular, in countries where the household
consumption surveys were carried out only a couple of years ago, the inflation rate might not
accurately indicate the true picture of the consumer basket in that country. To explore the
accuracy of inflation figures in other African countries, this section will look at the movement
of prices for each component of the weights in the five years to January 2007. Analysis in this
section excludes South Africa, where appropriate data could not be obtained, and Botswana,
which changed its weights in 2006, making the process of little use. For the other countries,
the inflation components’ monthly index data used for this analysis started on the following
months and years: Ghana and Kenya, from February 2002; Mauritius, August 2002; and
Nigeria, February 2003. The data from Ghana has a gap between January and June 2004. The
start dates were determined by the availability of data from the central banks or Central

Statistical Office.

Table 4.5 shows the average difference of the movement in components of the inflation rate in
Kenya compared with food inflation, which contributes 51% to the rate. The table uses the

following equation:
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A=F-Y 44
where Arepresents the average difference in Table 4.5, while Fis food weights and

Y represents the other components in the table under the ‘Components’ column.

Components | Weights | Average difference® | St. Deviation | T- Stats | Probability
Housing 11.7 0.8633 3.0482 | 2.1937 0.0143
Clothing 9.0 1.0124 3.1440 | 2.4943 0.0064
House Goods 5.8 0.9090 3.0210 | 2.3306 0.0099
Education 6.0 0.9196 2.9729 | 2.3960 0.0082
Other 17.0 0.5317 3.1200 | 1.3199 0.0934
Table 4.5: The difference between food inflation and other inflation components
in Kenya

The results above show that food inflation has, on average, been increasing at a faster rate than
all the other components of the consumer basket in Kenya. The probability figures for this
average superior increase in the food inflation rate are below the 10% level of significance,
with most except the ‘Other’ category passing the 5% level of significance. Surprisingly, these
results are not echoed in Table 4.6, which shows that food inflation has been increasing at

above non—food inflation over the five years from February 2002.

Average difference | St. Deviation | T- Stats | Probability
Food & Non-food 0.7887 3.0193 | 2.0233 0.0217
Clothing & Non-clothing (0.6835) 1.8464 | (2.8675) 0.0021
Housing & Non-housing (0.5355) 1.8162 | (2.2839) 0.0113
Other & Non-other (0.1702) 2.0499 | (0.6432) 0.2611

Table 4.6" The difference between inflation components and others in Kenya
Month—-to—month food inflation rose at over 0.78% more than non-food inflation in Kenya.
This movement is statistically significant at 5% level of significance since the probability is

2.17%. The food inflation components in Ghana (see Table 4.7) do not increase at a

® Average difference in this case refers to the mean of the monthly differences between food inflation and
each item listed on the table between February 2002 and January 2007.

" Clothing in this table represents the comparison between clothing inflation and non-clothing inflation, while
Housing compares housing inflation and non-housing inflation, etc.
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statistically significant rate compared with other components, and the only significant

difference is the lower increase experienced by clothing items against non-clothing items.

Components Average difference | St.Deviation | T- Stats | Probability
Food-Non Food 0.1199 6.2104 0.1419 0.4443
Clothing-Non Clothing (0.8678) 3.6803 | (1.7327) 0.0418

Table 4.7: The difference between inflation components and others in Ghana
While non-clothing items are increasing at a faster rate than clothing items, this is not much of
a problem since clothing contributes only 10% to the inflation basket. These results could
suggest that differential increases in the inflation components are not the main pressure for
regular inflation weight reconfiguration. This evidence suggests that population tastes and
technological changes are vital to Ghana changing its weights more often than they currently

do.

The increase in prices in Nigeria and Ghana, especially the difference between food and other
inflation components, are statistically similar over the period. However, transport and housing
increase at a faster rate than non-transport and non-housing inflation respectively in Nigeria,

which is surprising, given that the country has its own oil. Table 4.8 below presents this

evidence.
Average difference | St. Deviation | T- Stats | Probability
Food & Non Food (0.4429) 4.1870 | (0.7329) 0.2327
Housing-Non Housing 0.6535 3.1549 | 1.4352 0.0749
Transport-Non Transport 1.3045 43116 | 2.0961 0.0183

Table 4.8: The difference between inflation components and others in Nigeria
The expectation in Nigeria, where there is fuel extraction, is that housing, which includes fuel
and transport, would increase at a slower rate than other items since it is an oil producer, while
other countries in Africa import the substance. In Mauritius, food inflation also increases faster

than non-food inflation at 10% level of significance, as shown in Table 4.9 below.
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Average difference | St. Deviation | T- Stats Probability
Food-Non Food 0.1373 0.7472 1.3500 0.0885
Housing-Non Housing 0.1221 0.6372 1.4087 0.0793
Table 4.9: The difference between inflation components and others in Mauritius

As noted earlier, the fact that food contributes over 30% to the weights makes this statistically
significant increase a concern, especially as weights are changed after five years. These findings
would suggest a time series with multiple regimes. The statistically significant higher increase in
housing inflation compared to non-housing inflation is not so worrying given that this

component contributes only 9% to the inflation rate.

The implication of a component of the weights increasing at a faster rate than other
components has two effects on inflation. First, it affects inflation directly since an increase in
component will result in a weight proportionate increase in inflation, and this is not a problem
since inflation will include this increase. Second, a sustained statistically significant increase
results in consumers spending more money on the component than provided for or reflected
in the weights, and this can be corrected by conducting regular household consumption
surveys. However, the challenge in Africa, as indicated earlier, is that governments cannot
afford regular household surveys, and they conduct these more than five years apart, which
results in the distortions in the inflation rate calculation between these surveys. The distortion
in the inflation rate is also fuelled if the component that increases at a statistically significant
rate than others has the highest basket weight in the calculation of the inflation rate. Mauritius,
for instance, changes weights every five years, and the concern is the food inflation rate, which
is statistically higher than for non-food items between the five year surveys, while it
contributes 32% to the computation of inflation. Since food is a basic need, inevitably

consumers will continue to forego other expenditure components in the inflation basket if its
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prices increase faster than other items, in order to maintain the unchanged quantity
requirements for this component in line with the hierarchy of needs. Apart from Mauritius, the
analysis above is also applicable to Kenya, where the situation is even worse since monthly
food inflation increases at over 0.78% more than non—food inflation, and the weights are
based on a household consumption survey carried out in 1997. The above evidence points to
the need for at least annual consumer surveys to ensure that the inflation rate is more accurate,

especially where food is a high-weighted component of the inflation weights in the country.

4.6 Inflation in Sub-Saharan Africa

The first part of this section will look at the statistical description of inflation in Sub-Saharan
Africa to assist in understanding the data that will be used later on. As noted in the
introductory chapter, the inflation data used in this thesis is from February 1987 to January
2007. The data was obtained from the International Financial Statistics (IFS). However, the
consumer price index data from the IFS for Nigeria has two gaps in the months of July and
August 2001. To adjust for these gaps, inflation time series data from Nigeria Central Bank,
which is short for comparison, as it only runs from January 1996 to December 2002 and has
different inflation figures from those supplied by the IFS, was used to estimate the two figures.
A ratio approach was used in which June 2001 inflation calculated from the index was
compared with the inflation rate for the month provided by the central bank. The result was
the inclusion of a 119.32 index value for July 2001 in the time series, resulting in a 0.436%
increase in the monthly inflation rate. This figure is between the mean and the 25 percentile of
the monthly inflation data. A similar ratio was then used to derive the August 2001 index value

of 122.47, a figure between the mean and the 75 percentile of the original time series data.
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Zimbabwe consumer price index data from March 2002 to January 2007 was also unavailable
from the IFS, but inflation figures available from the Reserve Bank of Zimbabwe were used to
extend the IFS time series data. The calculated inflation rate before this data, using IFS data,
was similar to the data produced by the central bank, hence the justification for the extension

of series.

Monthly and annual inflation characteristics will now be explored, as they present different but
important characteristics. The next section investigates the causes of the inflation surge in
Zimbabwe from an economic theory viewpoint but supported by a Granger causality
perspective. Granger causality tests are conducted using the inflation data presented earlier.
The month-to—month and year—to—year inflation rate is calculated using the method described
above in Appendix 4.2. Month-to-month inflation thus refers to monthly changes to the CPI
in percentage terms, while year-to-year inflation is the CPI value expressed as a percentage

compared to the same time the previous year.

Figure 4.3 below presents the monthly and annual inflation for each of the countries except
Zimbabwe. The diagrams show that annual inflation in Botswana reached its peak in the early
1990s before hitting single figures between the mid 1990s and the end of the century. A similar
trend is witnessed when Kenya and Nigeria are considered, but in these cases the inflation level

drops below 20% from above 80% for Nigeria.
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Figure 4.3: Inflation movement diagrams

During the 1990s, most African countries experienced economic structural adjustment

programmes, and the trends noted here suggest that these programmes were successful

towards the end of the decade. The monthly inflation rate in Mauritius reflects structural

breaks in the early 1990s. Similarly, a structural break is noted for South Africa early in this

century, where the annual rate has been slowing down. This low inflation rate for South Africa

might be driven by the monetary policy, since the government implemented an inflation—

—_—
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targeting monetary regime. Zimbabwe has been excluded from Figure 4.3 owing to the

exponential nature of the inflation rate which makes interpretation difficult.

The diagrams above do not, however provide the accuracy required for analysis thus Table
4.10 and 4.11 below present the statistical description of the data. Table 4.10 shows that in July
2005 Zimbabwean inflation rose by 47% in one month, which can be interpreted as over 1.5%
daily increase in price of commodities. Botswana, Mauritius and South Africa are the only
African countries in the table that did not reach double figures in monthly percentage changes
to CPI, and their mean monthly increases are below 1%. They therefore experience limited

monthly inflation shocks compared to Ghana, Kenya, Nigeria and Zimbabwe.

std. | 25 75
Country  |Mean|Median|Maximum [Minimum| Dev. |(%-ntile|%-ntile|Skewness|Kurtosis
Botswana |0.778| 0.740 3.226| -0.190| 0.496| 0.425| 1.035 0.912] 1.921
Ghana 1.819] 1.581] 12.797| -3.499| 1.849| 0.584| 2.817 1.159| 4.751
Kenya 1.066] 0.759] 10.276| -3.073| 1.815| 0.153] 1.639 1.746| 6.125
Mauritius |0.572| 0.408 4.432] -2.042| 0.850| 0.158] 0.758 1.278] 3.630
Nigeria 1.778] 1.311] 11.827| -3.510| 2.614| 0.143| 3.240 0.749| 0.830
SA 0.684| 0.656 2.703] -0.740| 0.547| 0.314| 1.038 0.329| 0.288
Zimbabwe [5.824] 2.699] 47.000 -2.019] 8.199| 0.954| 6.364] 2.401] 6.359
Table 4.10: Month to month inflation rate descriptive statistics for Africa

Apart from Botswana, Ghana and Zimbabwe most monthly maximum inflation increases were
experienced in the early 1990s or late 1980s, showing that more recently the rates have been
under control from month to month possibly owing to economic reforms undertaken by many

African countries in the 1990s.

Table 4.11 below shows the year-to-year inflation rate, hereafter referred to as the annual
inflation rate, which is the common form of inflation rate figures published by the media

worldwide. Maximum annual inflation figures in most of the African countries considered here
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were experienced in the twentieth century data except for Zimbabwe, where the January 2007
observation was the highest entry at 1,593.6%, the highest inflation rate in the world at the
time. Apart from Zimbabwe, which exhibits abnormal inflation figures, the highest inflation
for the other six countries was recorded in Nigeria in June 1995 at 89.6%. By comparison, the
highest annual inflation rate elsewhere between February 1987 and January 2007 were 10.9%

(UK) and 6.3% (US).

Year—to—Year Inflation Rate Descriptive Statistics

Std. 25 75 | Skew-
Country Mean |Median| Max. | Min. | Dev. |%-ntile|%-ntile| ness |Kurtosis| JB

Botswana | 9.869] 9.929| 17.691] 5.645| 2.757| 7.573| 11.346| 0.667 0.220|17.04

Ghana 24.80] 22.79|70.817| 7.323| 13.865| 14.220| 30.780] 1.441 2.269/123.6
Kenya 14.026| 11.46| 61.542| -3.662| 11.926| 6.886| 16.305| 1.862 3.821/260.9
Mauritius 7.229| 6.268| 18.041] -0.896] 3.640] 4.930] 8.894| 0.949 0.96241.73
Nigeria 25.69| 17.40| 89.566| -2.486| 21.600] 10.000| 43.561] 0.989 0.01936.70
SA 8.501| 8.218| 16.591] 0.164] 4.300] 5.240[ 12.259] 0.095| -0.941] 8.85

Zimbabwe | 145.74] 32.84| 1593.6] 3.222| 270.42| 20.765| 116.35] 2.934 8.759(130.0
Year—to—Year Inflation Rate Change Descriptive Statistics

Minim | Std. 25 75 | Skew-
Country Mean |Median| Max. | um Dev. |%-ntile|%-ntile| ness |Kurtosis

Botswana | 0.327] -0.107| 49.987|-29.207| 7.808| -3.931] 3.591] 1.044 7.397

Ghana 0.047| -1.160| 80.679|-49.654| 10.944| -4.573| 4.151] 2.191] 17.762
Kenya -1.930] -1.155| 420.68]-457.06| 65.319|-11.786| 12.709| -1.958| 27.696
Mauritius | -1.455| -0.289| 1622.2|-1515.6| 153.51| -6.341] 6.134] 0.840] 97.391
Nigeria -21.78| -0.002| 1168.4|-4737.2| 337.82|-10.939| 11.686|-12.159, 170.888
SA 2.261| -0.404| 350.37|-72.330| 30.085| -5.204| 5.768] 7.449 81.703

Zimbabwe | 3.186| 2.499| 129.72|-40.446| 14.483| -3.228| 9.437| 2.945 25.733
Table 4.11: Year—to-Year inflation rate descriptive statistics for Africa

The rest of the data on the annual inflation rate is similar to the monthly inflation rate with
Botswana, South Africa and Mauritius mean inflation rates below double figures, and South
Africa recording the lowest maximum of 16.6%. The average annual inflation rate for the six
countries excluding Zimbabwe is 15%, raised by Ghana (24.8%) and Nigeria (25.7%), whose
annual inflation rates are the only ones of the countries considered which are above this mean.

If Zimbabwe is included, the average rises to 33.7%, over double the average for the other six
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countries, illustrating the impact of outliers on the mean summary statistics. Another
interesting statistic represents the changes in the annual inflation rate, with Mauritius and
Nigeria recording four—figure digits maximum changes in the early 1990s. Skewness and
kurtosis check if the data is symmetric about the mean value, where a Kurtosis value of 3
represents normal distribution conditions. For annual inflation rate, the kurtosis value below 3
is found on all the inflation data except for Kenya and Zimbabwe, which confirms normality
of the data using this criterion. Kenya and Zimbabwe’s annual inflation data shows fat tails
compared to the normal distribution. The skewness for all the inflation rates are positive,
which indicates that the outliers in the data are above the mean, with South Africa, which has a

skewness of close to zero at 0.1, reflecting symmetry about the mean value.

Brooks (2002) points out that the Jarque—Bera (JB) uses the property of normally distributed
random variable that the entire distribution is characterised by the mean and the variance
considered as the first and the second moments. For normality to prevail, the expectation is
for the JB statistic to be insignificant. The JB statistics provided in Table 4.11 are all larger than
the critical value of 5.99, which is at 5% level of significance and two degrees of freedom. The
JB test hypothesis that the residuals of the distribution are normally distributed may, however,
not be rejected for South Africa at 1% level of significance and two degrees of freedom, since

the test statistic of 8.85 is below the 9.21 critical value.

4.6.1 Causes of inflation surge in Zimbabwe
As noted earlier, there is no real consensus on the causes of inflation, predominantly because

the phenomenon is a result of several factors that either act together or in isolation to cause a

115 ~=



Bekithemba Mpofu PhD Thesis

fall or rise in the cost of living. In most economics literature, though, the causes are grouped in
three main categories: cost—-push inflation, demand—pull inflation and monetary inflation.
Cost—push inflation, which is regarded as the supply side inflation (Beardshow, 1992), is
caused by a rise the production input costs. Parkin, Powell and Matthews (1997) consider two
main sources of this increase in production costs, which are an increase in money wage rate
and in the price of raw materials. An increase in wage rate can be induced by the bargaining
power of employees due to either the presence of powerful unions or the shortage of
appropriate labour force in the job market. The Zimbabwe Congress of Trade Unions
(ZCTU), which is a powerful labour organisation, usually negotiates industry salaries on behalf
of workers, linking these to the inflation rate. The challenge for employers in a union—driven
market is that wages and salaries are negotiated nationwide with little consideration for
individual company or regional situations Thus the only logical reaction of the firm will be to
pass the costs to the supply chain. The effect of producers passing on costs by factoring them
into the production cost is that the producers’ prices increase, especially as the majority of
industries in Zimbabwe are mark-up driven. The situation is made worse by the fact that the
consumer market in the country is a suppliers’ market. Therefore it is more sensitive to supply
than demand influences, and the prices of goods tend to go up with the rising cost of

production.

To control inflation of this magnitude is contentious, in that governments will have to
introduce unpopular policies like wage freeze and price controls, steps which could face
resistance from unions and businesses alike. In August 2007, however, the Zimbabwean

government did bite the bullet and announce that wages be frozen and that any increase would
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need government approval. The result of this gazetted statutory bravery by the state was a call
for a nationwide strike by the trade unions on 19" and 20™ September 2007. This did not
receive full worker participation, but it does illustrate the risks associated with such policies.
The salary freeze was a last ditch attempt to avoid further collapse and a deepening economic
crisis induced by an unpopular government whose policies also included a tripartite
consultative forum. In this forum, made up of the state, the trade unions and business, the
government had tried unsuccessfully to negotiate a voluntary freeze, cap or limit to salary
increases as well as a commodity price freeze. The commodity price freeze was also
unsuccessful, as it led to widespread chronic shortages of food and basic commaodities. This
prompted the government to reverse its policy, since pegged prices meant producers could not

even meet their production costs, making it impossible for them to manufacture.

The other cost—push inflation is due to a rise in raw material prices, which has the same effect
as that of wage rate increase, though it could be caused by either internal drivers or external
forces such as the increase of price of an imported good which forces may be beyond the
control of the state. While the official exchange rate in Zimbabwe was Z$250.00 per US$1.00
in January 2007, rationing of foreign currency meant that producers had to look for the
currency from the black market at over Z$1,500.00 to the US$1.00. The effect of this was
expensive raw materials for the production of goods, which ultimately resulted in a rise in
prices and eventually inflation. Raw material shortages were also worsened by the disruptions
in the farming sector, where the Government evicted commercial farmers, replacing them with
subsistence ones. Commercial farmers produced and supplied agricultural products such as

maize, ground nuts, milk and beef to the urban population at local prices. However, after the
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disruptions, some of the basic commodities had to be imported since most of the resettled
farmers produced for their own consumption. This is in addition to the fact that Zimbabwe
has always been a net importer of goods and services; thus the economy has always been

sensitive to exchange movements.

Granger Causality Tests are used in this study to determine the effect of the exchange rate on
the inflation rate in Zimbabwe from February 2002 to January 2007, and the results are
presented below in Table 4.12. As noted above, the effect of the exchange rate on inflation
was made worse by the displacement of commercial farmers who also produced cotton and

tobacco, which were leading earners of foreign currency in the agrarian Zimbabwe economy.

Null Hypothesis: Obs.  F-Statistic Probability
EXC does not Granger Cause CPI 60 116.304 5.7E-26
CPIl does not Granger Cause EXC 6.95816 5.6E-05

Table 4.12: Granger causality for inflation and exchange rate between 2002 and 2007
Table 4.12 shows that there was a statistically significant bilateral causality between inflation
and the exchange rate over the period, since the calculated F-statistics are significant. These
results indicate that between 2002 and 2007 the exchange rate in Zimbabwe provided useful
information about the movement of the inflation rate, while the inflation rate also contained
useful information about the exchange rate. As noted earlier, the fall in agricultural
productivity led to a reduction in exports, thereby inducing a balance of trade deficit causing
more foreign currency shortages and a fall in the Zimbabwean dollar. The fall in the dollar

meant imports became expensive, thus pushing up production costs and inflation as a result.
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In addition to cost—push factors, demand—pull inflation influences are also an inflation driver,
and are a result of excess demand of goods and services while the economy is at full
employment. Excess demand in this case refers to aggregate demand, which is made up of the
total of consumer goods expenditure, government spending, investment expenditure and
exports, less imports. Parkin, Powell and Matthews (1997) state that this excess aggregate
demand could be due to an increase in the money supply, increase in government purchases or
an increase in the price level or real GDP in the rest of the world. This cause of inflation is the
subject of repressed form of unofficial inflation, which was noted by Munoz (2006) in
Zimbabwe, where consumers end up with lots of cash in their hands while products for its
disposal are not readily available. Another dimension of demand—pull inflation in Zimbabwe is
the occurrence of continuous demand inflation, which Griffiths and Wall (2001) say is a
sustained upward movement in the price levels due to a maintained growth in aggregate
demand. Government price controls in Zimbabwe induced widespread shortages and a
thriving black market, thus demand for goods at official market prices resulted in continuous
demand for such goods by consumers who bought for use, consumption or storage.
Government expenditure is also one of the factors leading to demand-pull inflation, especially
since government purchases are huge and may create excess demand, as ordinary consumers
compete for the same goods. In the case of Zimbabwe, government expenditure rose owing to

the purchase of agricultural goods as the demand to support newly resettled farmers became a

priority.

Despite the above influences of either a cost—push or demand—pull nature, Beardshow (1992)

points out that monetarists’ thinking is that inflation is entirely caused by a too-rapid increase
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in the money stock and nothing else. While the influence of monetary shocks acts as a catalyst
for either cost—push or demand—pull inflation, the occurrence of push and pull factors in
Zimbabwe explained above shows that they have been independently inducing inflation.
Supply of money, which can also come in the form of an increase in interest rates, avails more
disposable income to consumers and also becomes a catalyst for government expenditure

resulting in excess demand and hence a demand—pull inflationary pressure.

Null Hypothesis: Obs  F-Statistic Probability
M1 does not Granger Cause CPI 60 1.16016 0.34213
CPI does not Granger Cause M1 2.08397 0.08329

Table 4.13: Granger causality for inflation and money supply between 1997 and 2002
However, there is no evidence that money supply (M1) caused inflation between 1997 and
2002 in Zimbabwe, as the Granger Causality test results show in Table 4.13 above. In fact,
there is evidence that inflation provided useful information about movements in money supply
rather than vice versa making this a one—way direction causality. This assertion is at 10% level
of significance, which is an acceptable level of probability. The monetarist view, however, is
not totally dismissed during this period, as interest rates did Granger cause inflation as

demonstrated in Table 4.14 below.

Null Hypothesis: Obs  F-Statistic Probability
INT does not Granger Cause CPI 60 2.99684 0.01942
CPIl does not Granger Cause INT 0.98125 0.43872

Table 4.14: Granger causality for inflation and interest rate between 1997 and 2002

Interest rates between 1997 and 2002 Granger caused inflation and thus provided useful

information about the movements of inflation during the period. The results also show that

inflation did not cause movement in interest rates since the probability is 0.44, which is not
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within the acceptable levels of significance. Interest rates also provided useful information
about inflation between 2002 and 2007, as shown in Table 4.15 below. This is also one-
direction causality from interest rates to inflation. Statistically, inflation did not cause
movement in interest rates in Zimbabwe, and this is consistent with economic theory, which

shows interest rates providing useful information on inflation.

Null Hypothesis: Obs  F-Statistic Probability
INT does not Granger Cause CPI 60 37.8841 1.0E-15
CPIl does not Granger Cause INT 1.43587 0.22818

Table 4.15: Granger causality for inflation and the interest rate between 2002 and 2007
The above submission should be considered, however, in the context of the different
approaches used to address inflation. If government policy is proactive, then Table 4.15
obtains but if the policies are reactive then inflation would Granger cause interest rates as the
government uses interest rates to address inflation challenges. In Zimbabwe, interest rates
post—2002 were fixed as the government sought to arrest its own expenditure. Thus its use of

interest rates to address inflation challenges was limited.

While money supply did not cause inflation during the 1997 and 2002 period, the situation
changed in the five years leading up to January 2007. In fact that money supply (M3) in
Zimbabwe rose from 99.5% in January 2002 to 1,638.4% in January 2007, which increase,
when compared to the inflation increase of 116.7% to 1,593.6% in the same period, shows the
influence of this variable to inflation in the country. However, this rise could be a result of
inflation increasing money supply since such a large increase in the inflation rate would have to

be supported by a substantial increase in money supply lest cash shortages surface. Table 4.16

121 ~=




Bekithemba Mpofu PhD Thesis

below shows that money supply and inflation have a bilateral causality over this period,

supporting the above submission.

Null Hypothesis: Obs  F-Statistic Probability
M1 does not Granger Cause CPI 60 14.0491 1.6E-08
CPI does not Granger Cause M1 13.5302 2.7E-08
Table 4.16: Granger causality for inflation and money supply between 2002 and 2007

The results show a statistically significant two-way directional causality between inflation and
money supply at 5% level of significance. This is consistent with the findings of Kovanen
(2004), who also noted that money in circulation provides strong information about
movements of inflation in Zimbabwe, compared to other monetary aggregates like interest

rates, which were predominantly fixed between 2002 and 2007.

4.7 Conclusion

Inflation in Zimbabwe has increased from 3.22% in June 1988 to 1,593.6% by January 2007,
an increase well over 1,500%, and research on inflation in Africa would therefore be
incomplete without considering the world’s highest inflation rate, which the World Bank
correctly projected could reach 100,000% within a year from May 2007. At the end of 2008,
the annual inflation rate had risen to 2.4 million percent. The cause of this surge in inflation
was a cocktail of factors including the critical shortage of foreign currency, excess demand
caused by shortages and price controls, strong trade unions, money supply and inadequate
policies to arrest the hyper inflation. Using Granger Causality tests, there is evidence of
bilateral causality between inflation and money supply as well as the exchange rate in

Zimbabwe between 2002 and 2007. However, the causality runs one way from interest rate to
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inflation during the same period. Five years prior to 2002 causality was one way only, from
interest rates to inflation and inflation to money supply, and there was no bilateral nor any
causality found between the exchange rate and inflation. Between 1997 and 2002, currency
rationing had not yet been rampant in the country, although a fixed currency regime started in
December 1997, explaining the causality differences between the exchange rate and inflation

for the two periods.

Although the inflation rate in Zimbabwe has been in hyper-state, the announced official
figures have been understated owing to the existence of hidden inflation. This chapter
explored why there is credence in reports that inflation in Zimbabwe as officially announced is
understated, hence contributing to the current debate on inflation in Africa, and Zimbabwe in
particular. The issue of understated inflation figures was looked at from the perspective of
weights, recalculating the index using monthly increases and simulated weights, an approach
which Nuti (1986) suggests is one of the methods of unearthing hidden inflation. The evidence
presented in this chapter shows that annual inflation in Zimbabwe was understated by over
35% by June 2007. The need for the recalculation of weights in Zimbabwe therefore cannot be
over emphasised, as the current weights fall short of the practical consumer basket. These
findings are new from the hidden inflation angle of unveiling unofficial inflation, and they also
support evidence already established by a repressed inflation approach to unofficial inflation
carried out by Munoz in Zimbabwe in 2006. Munoz (2006) used a repressed inflation approach
to show that inflation in Zimbabwe is understated, but since this approach is not exhaustive,
the method used in this study provides further proof of the claims which Munoz put forward

on the inflation rate in Zimbabwe. The presence of hidden inflation, however, could be higher
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than this evidence suggests if black market prices and substitute products are taken into

consideration.

Apart from the evidence of hidden inflation in Zimbabwe, there is also concern about the
accuracy of inflation figures in other African countries. In particular, the statistically higher
increases in food inflation, the largest component of the inflation basket, are worrying
especially since most countries in the continent only change their weights after five years, and
in some cases over ten years. The effect of this is a household expenditure basket which is
outdated, resulting in an incorrect inflation rate, thus suggesting the existence of hidden
inflation. Another finding from the empirical work in this study is the significant positive
relationship between changes in poverty and the food weights within a consumer basket.
Poverty in this case was measured in terms of the International Poverty Line for comparison,
which measure looks at the percentage of people within a country living on less than US$2 per
day. This finding reinforces the need for countries to carry out consumer consumption surveys
more often when people’s living standards, as measured by the consumer price index, are

falling.

The importance of obtaining correct inflation rate figures is multidimensional, starting from
the rate figures being used by workers in the country to negotiate salary increases to businesses
projecting future growth and governments preparing adequate policies to tackle economic
challenges. The understatement of figures will therefore deprive the workers of an appropriate
or real salary increase. Their income will be eroded over time, which has notoriously happened

to the Zimbabwe labour market in the wake of the current hyperinflation. Businesses also fail
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to meet targets that cover their costs adequately, and even when they do the realised profit
after inflation adjustment becomes an investor’s trap, as it provides misleading information
about the real situation regarding the profitability of the venture. From a policy viewpoint,
correct inflation figures help arrest rampant budget deficiency which is a worrying element of
high inflation countries, especially those with understated figures. For a government, there
might also be a call for the knowledge of correct figures to ensure that mechanisms that are
meant to correct inflation surge are adequate to meet the expectations of the economy, and

this can be best done by the production of correct and up—to—date inflation figures.
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CHAPTER FIVE

FORECASTING INFLATION IN AFRICA

5.0 Introduction

The impact of inflation on the stock market can not only be looked at from the viewpoint of
the relationship that exists between these two variables (Ely and Robinson, 1997; Boudoukh
and Richardson, 1993; Campbell, 2002; Boucher, 2006), but from the significance that this
relationship has within financial markets trading. One of the reasons for wanting knowledge
about short- and long—-term inflation—stock relations is to ensure market positioning in the
case of pending inflation surge or dip. Consequently, looking into the future through
forecasting inflation becomes part of the interest in the relationship between the two, as the
knowledge about inflation movements provided by forecasting aids stock market stakeholders
to act consistently with both the forecast know-how and researched evidence of the
relationship. It is in this context that this chapter will endeavour to explore forecasting of
inflation in Sub—Saharan Africa as part of the reasoning in understanding the impact of the
same on stocks, without which one is forced into a hopeless leap in the dark. The chapter
provides the basis for calculating unexpected inflation, a variable used in Chapter 6 to
understand the nature of the relationship between stock returns and inflation. In addition, this
chapter contributes to current literature by establishing optimum forecasting approaches for
the countries studied in this thesis as it considers univariate, bivariate and multivariate

forecasting options.

With time series data limitations an incurable historic reality in Africa, univariate and
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multivariate forecasting approaches will be looked at in this chapter bearing in mind, however,
that other forms of predicting inflation, such as the Phillip’s curve, have empirically been
considered more powerful (Duguary, 1994; Coe and McDermott, 1999; Stock and Watson,
1999; Onder, 2004; Hargreaves, Kite and Hodgetts, 2006). The unavailability of credible
unemployment time series data prohibits the use of the Phillip’s curve which, in its original
state, stipulates that there is an inverse relationship between the rate of change in nominal
wages and unemployment where the latter is used as a proxy for excess demand (Bailliu et al.,
2003; Hargreaves ¢t al., 2006). Thus a decrease in unemployment would result in a rise in
excess demand, therefore putting pressure on the nominal wage. This approach developed by
Bill Phillips in 1958 has now been modified by the substitution of output gap as a proxy for
excess demand in place of unemployment (Stock and Watson, 2003). Despite the evidence on
the importance of the Phillip’s curve to forecasting inflation, Gali et al. (2001) have since
predicted the death of this approach, with Simone (2000) acknowledging that the
autoregressive integrated moving average (ARIMA) models outperform the Phillip’s curve for
out—of-sample short-term forecasts. More importantly for this research, though, Bailliu et al.
(2003) point out that the Phillip’s curve has been used as a useful framework to explain and
forecast inflation only in industrialised countries, and not developing ones, where it has been

outperformed by economic variables driven by bivariate and multivariate models.

The use of the multivariate approach to forecasting inflation is premised on the understanding
that theory and empirical work have shown that economic variables contain valuable
information about inflation movements. The relationship between inflation and economic

variables is thus well documented, with studies that have performed a Granger causality test
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confirming the importance of these variables to inflation (Chhibber et al., 1989; Friedman and
Kuttner, 1992; Estrella and Mashikin, 1997; Callen and Chang, 1999; Black et al., 2000). In
particular, the importance of the exchange rate on inflation is considered by Svensson (2000)
from three channels: first, the extra demand channel from sensitivity of net trade to the
exchange rate; second, the direct exchange rate channel due to the presence of imported goods
in the consumer price index; and third, the link between the consumer price index and the
exchange rate due to imported intermediate goods. Kara and Nelson (2003) also argue for
exchange rate importance by concluding that only a model where imports are modelled as an
intermediate good provides a reasonable match with the UK data. This inference is also
supported by Durevall and Kadenge (2001) on Zimbabwe data. The nature of the link between
inflation and growth is still debatable (Khan and Senhadji, 2001), since the relationship is
considered negative for medium and long—term growth, and at some low inflation below 8%
(Sarel, 1996) or 2.5% (Ghosh and Phillips, 1998) it is considered positive, and hence useful
information for forecasting purposes. Tigene (1989), Chhibber et al. (1989), and Chandra and
Tallman (1997) find a relationship between inflation and money supply, confirming the

variable’s importance to forecasting inflation since it has useful information about it.

The relationship between inflation and interest rates in particular, whether a change in nominal
interest rates means a change in expected inflation, has been a central challenge in monetary
economics (Pearce, 1979; Lanne, 2001). The use of nominal interest rates to forecast inflation,
a product of Fisher (1930), has been a widely used approach owing to empirical backing

(Gibson, 1972; Pyle, 1972; Pearce, 1979; Fama and Gibbons, 1984; Johnson, 2001). The notion
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that interest rates move one-on-one with inflation has, however, been attributed to the non-
linear dynamics in the composition of both components (Evans and Lewis, 1995; Garcia and
Perron, 1996; Lanne, 2006) rather than linear considerations which have been empirically
questioned by lack of evidence in some cases (Gargill, 1976; Mashkin, 1992, 1995). Gargill
(1976), whose earlier research with Meyer (Cargill and Meyer, 1974) had found short and long
interest rates in the US between the 1950s and 1960s to be significantly related to price
changes, later realised that the 1950s interest rates were not significant, thus confirming the
controversy surrounding the nature of the relationship. In this chapter, the importance of
interest rates as a significant predictor of inflation will not be undermined, thus a model of
interest rate lagged one month will thus be used as a benchmark for ascertaining the power of

multivariate models produced here to forecast inflation in Sub-Saharan Africa.

While the importance of economic variables and multivariate forecasting has been articulated
above, the power of univariate models cannot be overlooked, with Stockton and Glassman
(1987) pointing out that it is distressing that ARIMA models of inflation produced more
respectable forecast performances relative to theoretically based specifications. They conclude
that theory has yet to yield only small dividends in terms of improving ability to predict
accurately the course of inflation. The power of ARIMA models, which use historic
movements of a variable to determine its own future, is also confirmed as having sufficient
predictability power in forecasting inflation in Pakistan (Salam et al. 2006). The use of ARIMA
models in forecasting inflation in Sub-Saharan Africa is thus not just uniquely and procedurally
contained in this study, but is grounded on its successes and its use in forecasting inflation in

the US (Stockton and Glassman, 1987), Ireland (Meyer et al., 1998), Chile (Simone, 2000) and
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Japan (Sekine 2001) among other countries. Apart from ARIMA models, another set of
univariate models, which will be considered for inflation forecasting in this chapter, is the
GARCH model described later. According to Drost and Klaaseen (1997), the use of this
method is justified because inflation, like other financial and econometric data sets, exhibits
conditional heteroskedasticity, a valuable property for GARCH models. The pioneer paper on
GARCH models by Engle (1982), who introduced the concept of autoregressive conditional
heteroscedasticity (ARCH), used UK inflation to set up the group of models popularised and
generalised by Bollerslev (1986). Univariate agnostics do not, however, assume knowledge of
any underlying economic model or structural relationship, and the fact that the models are
backward looking means they are poor predictors of turning points unless the turning point

represents a return to equilibrium (Meyer et al., 1998).

According to Friedman and Kuttner (1992), the importance of inflation varies from country to
country as well as period to period, and as such, given the unigueness of the economic terrain
in Africa, inferring results from more developed economies may encourage groundless
expectations. Research on forecasting in the continent has been heavily concentrated in South
Africa because of the vibrancy of the economy and the financial services sector, with other
countries’ empirical work based on the causal relationships between inflation and economic
variables. Chhibber et al. (1989) found that economic variables explain inflation movements in
Zimbabwe, while Durevall and Kadenge (2001) noted that, after reforms, the exchange rate
and foreign prices were important elements in Zimbabwean inflation, with money supply (M2)
ceasing to play a significant role (Feridun and Adebiyi, 2005). Short-term interest rates were

also found to have a significant causal relationship in Uganda (Nachenga 2001) and Kenya
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between 1974 and 1996 using error correction models (Durevall and Ndungu, 2001). Feridun
and Adebiyi (2005), who carried out research on Nigeria between 1986 and 1998 using
quarterly data, found that Treasury bill (TB) rate, domestic debt and M2 provide the most
important information about price movements, with TB rate containing the best information
as measured by Mean Absolute Percentage Errors (MAPE). In South Africa, Fedderke and
Schaling (2005) employed an augumented Phillips Curve framework to investigate the link
between inflation, unit labour costs, output gap, exchange rate and inflationary expectations.
Using the multivariate cointegration technique, they found evidence consistent with mark-up
behaviour of output prices over unit labour costs. Output gap and real economic conditions
are also found by Woglow (2005) to contain useful information for forecasting inflation in

South Africa.

Most of the relationship between economic indicators and inflation in Africa is based on causal
relations, and the predictability of inflation using these elements needs exploring. Though
Feridun and Adebiyi (2005) attempted to fulfil this objective, they looked at only ten years’
data in Nigeria, while the present research looks at twenty years’ data for seven Sub-Saharan
African countries, namely: Botswana, Ghana, Kenya, Mauritius, Nigeria, South Africa and
Zimbabwe. The justification of the use of these countries is premised in the scheme of the
whole thesis, since these are the countries whose stock markets were functional before-January
1992, the cut-off month for this research. The predictability of interest rates, money supply,
GDP and exchange rates will be examined in these countries with the hope of ascertaining
which variable had the best inflation forecasting ability during the period, using both in-sample

and out-of-sample approaches. The other contribution this chapter seeks to add to knowledge
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relates to the use of univariate approaches to forecasting inflation in Africa, which has been

conspicuously overlooked in existing research.

The remainder of this chapter is structured as follows: Section 5.1 presents the data and its
sources as well as statistically describing it. Section 5.2 presents unit root tests; Section 5.3
univariate forecasting; and Section 5.4 univariate model selection and forecasting. Section 5.5
contains cointegration and VECM results, while causality test results are presented in Section
5.6. Further error correction models are discussed in Section 5.7 with Section 5.8 presenting

multivariate forecasting results. The main conclusions are then summarised in Section 5.9.

5.1 Data

This section will look at the data used in this research, as well as analysing the movement of
different time series data used in this research. The study employs twenty-year monthly
consumer price index, money supply, interest rates and exchange rate data from February 1987
to January 2007 for Botswana, Ghana, Kenya, Mauritius, Nigeria, South Africa and Zimbabwe.
CPI, exchange rate, interest rate and money supply data for all the seven countries was
obtained from International Financial Statistic (IFS), apart from money supply figures for
Botswana, which were obtained from Botswana Central Bank. The consumer price index data
has been discussed in the previous chapter, and is therefore omitted from this data
presentation section. IFS exchange rate figures used here are based on the value of the local
currency to a US dollar, and range from official rates (Botswana, Kenya and Zimbabwe) to
principal rate (Ghana, Nigeria and South Africa) and market rate (Mauritius). Based on

availability, interest rate data for Kenya, Nigeria, South Africa and Zimbabwe is based on t
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Treasury bills rate in these countries, while Treasury discounted rate is used for Ghana, money
market rate for Mauritius and Bank of Botswana rate for Botswana interest rates. Money
supply data is only available for South Africa, Mauritius and Botswana; therefore inflation

multivariate forecasting will include the series in these countries.

Interest rate figures for January 2007 were missing in the Zimbabwe data, so the TB rate from
Zimbabwe Central Bank was used to complete the series, since all the previous months’ data in
the IFS data series corresponded with that supplied by the Zimbabwean authorities. Another
gap was found in September 1987 for the South African Treasury Bills data, so figure was
estimated using a ratio approach, with inter-bank call rate movement as the proxy. The inter-
bank call rate was used after the two series showed a significant positive correlation. Finally,
the Nigerian interest rate data starts from July 1991 instead of the February 1987 sample start

date; hence all series for Nigeria were shortened for multivariate forecasting.

5.1.1 Exchange rate
The Botswana exchange rate is expected follow the same random walk as that of South Africa,

as shown on Figure 5.1, since it is pegged to the South African Rand.
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Figure 5.1: Exchange rate movement diagrams

The Nigerian exchange rate diagram indicates that the exchange rate for the greater part of the
1990s, were fixed with a huge devaluation in 1999, while the Ghanaian Cedi has been fairly
persistent in terms of its loss of value for most of the period under review. Loss of value seems
to be a dominant feature, with Kenya and Mauritius also exhibiting similar treads over time.
More description is offered below in Table 5.1, which presents descriptive statistics for

exchange rate for the above mentioned African countries in the twenty years leading up to
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January 2007. Ghana, which has a mean exchange rate of 3543.05 Ghanaian Cedi to the US

dollar (US$), was the weakest during the period under review while a mean of 3.678 Botswana

Pula reflects the strength of the currency over this period.

Exchange Rate Descriptive Statistics
Std. 25 75
Country | Mean |Median|Maximum(Minimum| Dev. |%-ntile| %-ntile |Skewness|Kurtosis
Botswana | 3.678] 3.578 6.983 1566 1.546| 2.124] 4.897 0.256] -1.310
Ghana  |3543.050[1783.000| 9235.470, 149.930| 3551.883|391.770(7404.200 0.622| -1.388
Kenya 54.621] 59.939 81272 16.041) 22584 29.262] 75254 -0519] -1.288
Mauritius | 21.655] 20.085 34337] 12175  6.284| 15.956] 28.067 0.200, -1.460
Nigeria 57.147| 21.887| 137.700 3.738) 51960 11.428| 114.075 0.441 -1.668
SA 4,989 4.530 12.127 1930] 2.346| 2.826| 6.625 0.710, -0.151
Zimbabwe| 10.634/ 0.011) 250.000 0.002| 42513 0.005] 0.055 4812 23.475
Exchange Rate Change Descriptive Statistics
Std. 25 75
Country | Mean |Median|Maximum|Minimum| Dev. |%-ntile|%-ntile |Skewness|Kurtosis
Botswana | 0.586] 0.385 21.084 -7.670  3.005/ -0.891 1.972 1437 8.855
Ghana 1774 0.814 15.137 -0.693]  2.720] 0.0003] 2.367 2455  6.678
Kenya 0.685 0.195 31493 -14.038 3.848 -0.662] 1.596 3.337] 25.633
Mauritius |  0.430, 0.254 13.868) -11.050]  2.453| -0.751] 1.105 1.015 7.425
Nigeria 2249 0.000] 290.981 -11.648/ 19.710, 0.000] 0.609]  13.554| 196.228
SA 0.585 0.348 17.465 -8442| 3673 -1.311 2130 0.662] 2.554
Zimbabwe| 11315 0516| 1401570, -11.017| 94.148/ 0.000| 2.242] 13.838| 202.447

Table 5.1: Exchange rate descriptive statistics

An interesting observation in the above table is the zero median of Nigerian data changes,
which indicates that the currency was fixed for more than 50% of the observations, while 25%
of the Zimbabwean data also seems to have been fixed, given that 25% of the observations did
not change. Most maximum values of the exchange rate are in the last five years, while the
minimums are at the beginning of the sample period, indicating that African currencies have
been weakening against the US$ over the period. The major weakening of a currency was
experienced in Zimbabwe in March 2003, when the government devalued the Zimbabwe

dollar (Z$) by over 1402% from Z$55 to Z$826. Interestingly, Ghana, with a maximum
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weakening of 15% and a strengthening of 0.7%, had a more stable currency with limited

shocks.

5.1.2 Interest rates
Zimbabwe experienced the highest interest rates during the sample period compared to the
rest of the African countries. An average of 54.8% for Zimbabwe, shown in Table 5.2 below,

is higher than all the maximum interest rates except for Nigeria’s.

Interest Rate Descriptive Statistics

Std. 25 75
Country | Mean |Median|Maximum| Minimum | Dev. |%-ntile/%-ntile|Skewness| Kurtosis

Ghana 27.050] 26.190 46.750 9.400] 9.566| 19.800] 33.000 0220 -0.839
Kenya 15.811) 13.990 70.640 0.840] 10.854] 9.573] 18.713 2.589 9.606
Mauritius | 8.384 9.030 13.400 1.000[ 3.337] 7.013| 10.618 -0.686] -0.300
Nigeria 14.757] 14.300 27.500 2.150] 4.481] 12.400| 17.200 0.191 1.000
SA 12.232) 11950 21.620 6.530] 3.488] 9.508] 15.193 0.187] -0.949
Zimbabwe | 54.806] 28.405  525.000 7.730] 89.682| 14.513] 55.228 3.834] 15.685

Interest Rate Change Descriptive Statistics

Std. 25 75
Country | Mean |Median|Maximum| Minimum | Dev. [%-ntile[%-ntile|Skewness|Kurtosis

Ghana -0.160; 0.000 18.182 -22.311] 5.215 -0.038] 0.651 -0.480 4.828

Kenya 0.805| 0.000] 103.567 -67.407| 14.939 -3.567| 3.700 1.398] 12.870

Mauritius | 1.242| 0.000] 182.759 -51.744| 19.747) -2.093] 2.391 5.762|  50.204

Nigeria 0.725] 0.000] 224.898 -43.393| 19.314) 0.000] 1.380 8.487, 99.103

SA 0.070] -0.106 23.195 -12.739| 3.888| -1.460] 1.589 1.122 7.298

Zimbabwe | 1.774| 0.120 50.222 -66.850| 12.291| -1.298| 4.818 -0.947 10941
Table 5.2: Interest rate descriptive statistics

Despite the high mean, only interest rates after 2003 were above this percentage; thus the 55.2
75-percentile figure for Zimbabwe shows that the mean was pulled up by just under 25% of
the observations. The effect of the high values in the last four years is further shown by Figure
5.2 below, where rates in Zimbabwe rose briefly in 2000 before falling and rising again in 2003

until 2006, when they came down to 200%, then 66.3%.
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Figure 5.2: Interest rate movement diagrams

Figure 5.2 also shows that Nigeria and Ghana’s interest rates have been constant for long

periods, indicating a fixed interest rate monetary policy approach especially for Nigeria

between 1994 and 1998. Kenya’s interest rates were stable in the earlier years of the sample

period, but became more volatile from the mid 1990s, while Mauritius’ interest rates became

volatile in 2002, having been more stable before then. South Africa shows less structural
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changes in the volatility of the data, with percentage interest rate changes between -10 and

20% compared to -60 and 100% for Kenya.

5.1.3 Money supply

Money supply changes have been controlled for South Africa, Botswana and Mauritius, with a
mean of between 1.2 and 1.74% during the twenty years to January 2007. Only Botswana (See
Table 5.3) with a maximum monthly increase of 24.6% in one month and a decrease of 19.5%,

seems to have experienced some shocks.

Money Supply Descriptive Statistics

Std. 25 75
Country | Mean |MedianMaximum|Minimum| Dev. |%-ntile|%-ntile Skewness |Kurtosis
Botswana| 7967 4635 25957 599 7465 2145 12792 0.968] -0.481
Mauritius| 71685 55948 186704 10435 49216| 30245| 106741 0.695 -0.613
SA 435591] 323513 1349290 79587| 324988 186755 631836 1091 0.292

Money Supply Change Descriptive Statistics

Std. 25 75
Country | Mean |MedianMaximumMinimum| Dev. |%-ntile|%-ntile| Skewness |Kurtosis
Botswana| 1.742] 1.696 24609 -19.473] 5557 -0.945 4.372 0.102 3.281
Mauritius| 1.221) 0.953 5.765 -3.993] 1414 0.288] 2.034 0.506]  0.980
SA 1.201] 1.087 5.587 -2.751) 1394 0302 2.216 0.118  0.240

Table 5.3: Money supply descriptive statistics

The highest money supply figures are at the end of the sample period, indicating persistence in

the variable.

5.2 Unit root test results
This section will look at issues relating to data processing, from seasonally adjusting of the data
to logging it and then unit root testing. The merits of these processes have been explored in

the methodology chapter; hence this will not be revisited here.
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The data was imported from Excel to Eviews, after specifying the sample period as 1*
February 1987 to 31* January 2007, and given the following new names: exchange rate (EXC),
interest rate (INT), consumer price index (CPI) and money supply (M2/M3 depending on
whether it is M2 or M3 money supply series). The descriptive statistics were then recorded for
all the uploaded series before seasonally adjusting them using the Census X12 methodology
explained in the methodology chapter, creating the following seasonally adjusted series:
exchange rate (EXC_SA), interest rate (INT_SA), consumer price index (CP1_SA) and money
supply (M2_SA/M3_SA). The seasonally adjusted data was then logged using the equation
provided below which represents an example of the logging of the exchange rate data where
log refers to the natural logarithm:

LE =log(EXC _SA) 5.1
The logged series were in each case renamed exchange rate (LE), interest rate (LI), consumer
price index (LC) and money supply (LM). The importance of these names is to relate the
diagrams and the Eviews output to the original data and the different variables. After being
logged the data was ready to be tested for stationarity to ensure that forecasts produced in this
analysis were not spurious, since series with a unit root have a tendency to result in spurious

regressions and forecasts.

The unit root tests were done for all the series using the Augumented Dickey Fuller (ADF),
Phillips—Perron (PP) and KPSS (Kwaiatkowski, Phillips, Schmidt and Shin, 1992) defined and
explained earlier at 1%, 5% and 10% levels of significance (LOS). Results were obtained for

the tests with an intercept (C), with trend and intercept (T&C), and finally with neither trend
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nor intercept (None). If the trend was not stationary at levels it was then differenced to arrive
at the following new names: exchange rate (DE), interest rate (D1), consumer price index (DC)
and money supply (DM), then re-tested for stationarity again. Since three tests are used here,
results will be accepted if in the majority of results the tests agree in stationarity especially at
levels. By majority here both the Augumented Dickey Fuller and the Phillips—Perron tests with
constant and trend will have to provide similar results. If a hypothesis is rejected mutually by
both criteria, then KPSS results will be considered. For the ADF, the choice of lag length has
been well researched, with different views recommended, but none is considered distinctly
superior to the rest, as noted in the methodology chapter. The information criterion is used
here, but where the Akaike information criterion (AIC) and the Schwarz Bayesian information
criterion (BIC) do not agree, the one with the higher lag length will be adopted. The reason for
choosing the one with the higher lag length is to counter the criticism by Ng and Perron
(1995), who accuse the information criterion method of lag choice of adopting small number
of lag length, thereby increasing the chances of high size distortions (Maddala and Kim, 1998).
Below is the table showing the lag length choice for each variable which is tested for

stationarity. The maximum lag length used was 14.

Country CPI | Exchange Rate Interest Rate | Money Supply
Botswana 4 2 - 6
Ghana 3 7 14 -
Kenya 6 7 2 -
Mauritius 7 0 14 12
Nigeria 5 0 14 -
South Africa 12 0 2 3
Zimbabwe 14 3 3 1

Table 5.4: Lag length choice
In the Phillips—Peron test case the truncation lags were determined automatically by choosing

the Newey—West bandwidth.
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5.2.1 Consumer price index

Table 5.5 below presents the results of the unit root tests at levels for consumer price index for
the seven African countries logged and seasonally adjusted data series. The results show that
using the ADF and PP tests with trend and intercept, all series have a unit root at all levels of
significance. Nigeria and South Africa unit root tests with intercept for both the ADF and the
PP, as well as ADF with intercept for Botswana, show that the hypothesis of the series having
a unit root is not accepted at all levels of significance, and are thus considered stationary on

this criterion.

Augumented Dickey
Fuller Phillips—Perron KPSS

Country Constant | Trend & C | Constant | Trend & C | Constant | Trend & C
Botswana -2.04 -1.03 -2.42 -0.83 1.93 0.45
Ghana -1.45 -1.16 -1.92 -0.67 1.94 0.30
Kenya -1.86 -1.46 -1.94 -0.98 1.83 0.43
Mauritius -2.85* -3.65** -1.66 -1.79 1.92 0.42
Nigeria -3.13** -2.61 -5.23*** -2.59 1.49 0.35
South Africa | -5.33*** 217 -6.81*** -1.55 1.88 0.49
Zimbabwe 4.32 4.37 12.23 6.90 1.76 0.45
Critical Values

1% -3.46 -4.00 -3.46 -4.00 0.74 0.22

5% -2.87 -3.43 -2.87 -3.43 0.46 0.15

10% -2.57 -3.14 -2.57 -3.14 0.35 0.12
The unit root test results for the consumer price index, the asterisk (*) represents cases where
the Null is rejected at 10% level of significance, double asterisk (**) represents where the Null is
rejected at 5% and triple asterisk (***) at 1% level of significance.

Table 5.5: Unit root test results for the consumer price index at levels

The Botswana, Nigeria and South Africa series passed the test for the unit root hypothesis
under the Augumented Dickey Fuller and the Phillips-Perron tests with trend and intercept
they are considered to have a unit root, and hence are not stationary on the conditions

mentioned earlier. Since all the CPI data has a unit root, a first difference is taken to arrive at a
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new series named DC (inflation rate), and this is then tested for a unit root, which is the first
difference of the earlier series, LD. The results of the unit root tests are presented below in
Table 5.6. They show that all series no longer have a unit root, with the unit root hypothesis
rejected except for the Zimbabwe series without trend and intercept at all levels of significance
for the Augumented Dickey Fuller test. The Zimbabwe series does, however, pass the unit
root test for the PP test at all levels of significance with trend and intercept. Since the two tests
do not agree on whether or not to reject the hypothesis for a unit root in the series, the KPSS
test results are then considered. The KPSS results for Zimbabwe show that the series is non-

stationarity since the hypothesis for stationarity is rejected at all levels of significance.

Augumented Dickey Fuller Phillips—Perron KPSS

Country C T&C None C T&C None C T&C
Botswana -5.89* | -13.65* | -1.6*** | -14.31* | -14.46* | -490* | 0.68* | 0.14**
Ghana -4.30* -451% | -2.34** | -9.04* | -942* | -373* [ 0.4** | 0.09***
Kenya -7.18* -1.41* -2.73 | -12.40* | -12.45* | -10.08* | 0.46** | 0.14**
Mauritius -7.73* -7.87* -5.04 | -14.82* | -14.85* | -12.47* | 0.29*** | 0.05***
Nigeria 2.7 | -10.08* | -2.08** | -9.47* | -10.90* | -6.53* 1.02 0.24
South Africa -5.30* -7.01* | -1.8** | -8.38* | -10.72* | -3.89* 150 | 0.08***
Zimbabwe 0.10 -1.67 0.82 -2.40 -6.84* -0.91 1.43 0.36
Critical Values

1% -3.46 -4.00 -2.57 -3.46 -4.00 -2.57 0.74 0.22

5% -2.87 -3.43 -1.94 -2.87 -3.43 -1.94 0.46 0.15

10% -2.57 -3.14 -1.62 -2.57 -3.14 -1.62 0.35 0.12
The unit root tests results for the inflation rate, the triple asterisk (***) represents cases where the
Null is rejected at 10% level of significance, double asterisk (**) represents where the Null is
rejected at 5% and one asterisk (*) at 1% level of significance. ‘A’ stands for constant, ‘T&C’ trend
and constant and ‘None’ without trend or constant

Table 5.6: Unit root test results for the inflation rate
The Zimbabwe data, which is not stationary at first difference, is then further differenced to
arrive at the series DD which is also tested for a unit root. The results for ADF and PP tests
with trend and intercept are -17.058 and -36.34 respectively, thus showing that the series is

stationary after the second difference, which makes it a series integrated to the second order,

12).
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The results for the rest of the unit root tests are presented in Appendix 5.1, with all the series
having a unit root at the level except for Mauritius money supply series, which shows that the
series has no unit root at the level using both the ADF and PP tests with trend and intercept at
all levels of significance (LOS); but its diagram in Figure 5.2 shows clear non-stationarity. The
Mauritius money supply series is, however, non stationary when the KPSS test for both
intercept and trend with intercept is considered at all levels of significance. Since the series
does meet the earlier criteria for acceptance it is used at levels without differencing in the next
sections of this chapter. Another observation is that the Zimbabwean interest rate, which
rejects the hypothesis for a unit root at the level using the ADF test with trend and intercept,
does not reject this hypothesis using the PP test. As a result of the conflict in the ADF and PP
test results, the KPSS with a trend and intercept is then considered, and this shows that the
series is not stationary at all levels of significance; thus it is a candidate for first differencing
where it is found to be stationary. Finally the Mauritius interest rate series is found to have a
unit root when it is differenced using the ADF test with trend and intercept at all levels of
significance, but this is in conflict with the PP results, which show the series as not having a
unit root. The KPSS test with trend and intercept results for the differenced Mauritius interest
rates shows the series as stationary at all levels of significance; thus the series is considered

integrated to the first order, 1(1), for the purposes of this research.

5.3 Univariate models

This section will explore univariate-forecasting models for African inflation as measured

through the consumer price index. Autocorrelation tests were carried out for all the series to
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check if the ARIMA family of models are appropriate for the series, after which ARIMA
models were estimated and tested for normality. After the estimation of the ARIMA models,
the series were tested for the presence of ARCH effects, and series that showed the presence
of ARCH effects in the residual became candidates for GARCH family models. The last model
to be considered is an AR(1), which it will be compared with the rest of the other models in
the last part of this section, which looks at the forecasting result of all the models for three, six
and twelve months’ out-of-sample and in-sample forecasts. The criterion to be used to choose
the best forecasting model is then the model with the best results using two of Root Mean
Squared Error (RMSE), Mean Absolute Error (MAE) and Theil Inequality Coefficient (TIC).
Where there is no agreement on a particular model, then the model with one of the above and
a better bias proportion (BP) will be chosen as the best forecast model for inflation in a

particular country for either out-of-sample or in—sample at three, six or twelve months.

5.3.1 The ARIMA models

For the ARIMA models to be considered effective for a series there is need for autocorrelation
to exist such that past values of the series are related to the current; thus past values can be
used to predict future values. The summary of the autocorrelation test for each country is
presented in Table 5.7 below. Apart from the first Mauritius value, the rest of the results show
that there is autocorrelation in the data as they are above the critical values at 5% levels of
significance at different degrees of freedom (DOF). Since the rest of the Mauritius calculated
values are above the critical values at other degrees of freedom, it will be considered for

ARIMA modelling in this research as well.
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) Q-statistics

DOF | #toos Botswana | Ghana | Kenya | Mauritius | Nigeria [ South Africa | Zimbabwe
1 3.84

68| 758]| 171 14| 385 776 152.1

2 5.99 138 | 1321| 397 191 776 1437 299.3

3 781 294 | 1838| 550 191 101.0 1926 432.9

4 9.49 398 | 2216| 550 191 | 1224 222.7 549.2

5 11.07 412 2527| 569 209 | 1499 264.0 671.2

6 | 1259 474 | 2735| 643 212 | 164.4 2955 774.9

7| 1407 542 | 2888| 672 231 | 179.8 318.7 871.6

8 | 1551 577| 3035| 780 265 | 196.9 3436 969.1

9 | 1692 593 | 3165| 844 266 | 210.6 369.5 1054.6

10 | 1831 659 | 3244 | 900 201 | 2221 391.2 1125.9

11 | 1968 719 | 3260| 944 336 | 2318 404 4 11915

12 ] 21.03 748 | 3269| 945 373 | 2357 406.9 1238.1

13 | 2236 748 | 3270| 954 483 | 2381 4154 12915

14 | 2368 764 | 327.4| 954 545 | 2435 429.2 133338

15 | 2500 772| 3280| 985 550 | 24838 446.1 1375.9

Table 5.7; Autocorrelation test results for the inflation rate

To identify the best ARIMA model that fits the data, this research used the matrix method
with a maximum model of five AR and five moving averages (MA) considered. An ARIMA
(5,1,5), i.e. (AR,d,MA) where d is the order of integration (one in this case), was first
performed with the Alkaike and Schwarz information criterion written in an Excel spread
sheet until an ARIMA (1,1,1). After the final results of this Excel matrix were obtained, the
best ARIMA model provided the lowest value for each information criteria. If the two ARIMA
models (Akaike and the Schwarz) obtained different results, then both models were taken for
the diagnosis tests and forecasting to see how they fared compared to other univariate models,
on condition that all their coefficients were statistically significant. Where one lagged function

was statistically insignificant it was eliminated from the model to ensure that only the

significant lag functions remained.
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All the African countries apart from South Africa, whose ARIMA is a (2,1,4), provided two
ARIMA models using the above information selection criterion. The equations for these
models are shown below with Botswana’s two ARIMA models being (3,1,3) and (1,1,1); Ghana
(4,1,3) and (1,1,1); Kenya (5,1,4) and (1,1,2), Nigeria (5,1,5) and (1,1,1); Mauritius (5,1,4) and
(4,1,3) and Zimbabwe, which is integrated to the second order and has (4,2,4) and (1,2,1)
models. For the equations below, where the probability is not provided, the level of
significance on that particular value will be 5% LOS or below. In the equations below,
dcrepresents the differenced CPI series, while in the Zimbabwe case ddis the second
difference of the series. The time lag is represented by t -1, t—2, etc., where t —1 is a single
lag, t—2two lags and so on. In the case of Nigeria, the BIC equation whose integers are all
significant shows that current inflation rate is influenced by a single lag in both the

autoregressive and the moving average functions.

Botswana ARIMA Models

AIC?

dc, =0.008+0.56dc, , —0.58dc, , +0.89dc, , —0.47u,, +0.67u, , —0.78u, , 5.2
BIC

dc, =0.008+0.95dc, , —0.85u, , 5.3

All the coefficients of both the AIC and the BIC ARIMA models are statistically significant at

5% LOS, since none of the probabilities are above this number. The diagnosis and the

& AIC is the model determined through the use of the Akaike information criterion, while BIC is based on the
Schwarz results.
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forecasting tests will thus determine which one of these two models is a better fit for the

inflation data in Botswana.

Ghana ARIMA Models

AlIC

dc, =0.018+1.33dc, , +0.12dc, , —0.39dc, , —0.06dc, , —0.99u, , —0.32u, , +0.28u, ,

(002)  (092) (055  (0.64) (099) (0.73) (0.47)54
BIC

dc, =0.018+0.89dc,, —0.53u, , 5.5

The above results show that the coefficients of the Akaike model are not statistically significant
save for the first lag of the autoregressive function whose probability is below 5% LOS.
Coefficients of Equation 5.5 variables are, however, statistically significant which is somewhat
surprising, since the first lag of the moving average function was statistically insignificant in
Equation 5.4. The phrase “somewhat surprising” is used here because the explanation for the
distortions in the significance of the coefficients could be a result of autocorrelation in the
elements of the equation. Given these results, the Akaike ARIMA model is eliminated, and

Equation 5.5 is considered the appropriate ARIMA model for Ghana.

Kenya ARIMA Models

AlIC
dc, =0.011+1.62dc, , —0.97dc, , +0.45dc, , —0.61dc, , +0.34dc, . —1.54u, , +1.14u, ,
-0.59u, ;+0.43u, ,(0.2) 5.6
(0.12)
BIC
dc, =0.0109+0.53dc, , —0.42u, , +0.31u, , 5.7
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In the Kenyan, case the ARIMA model based on the Schwarz criterion has statistically
significant coefficients, a similar result to the Botswana and Ghana cases already looked at. The
Akaike ARIMA model results show that the third lag of the autoregressive function and the
moving average are statistically insignificant at 5% and 10% LOS. R-squared for this equation
is 0.239, which indicates that 23.9% of the inflation movements in Kenya are explained by this
equation, which has a significant F-statistic of 7.413. If the insignificant third lag autoregressive
function is eliminated from Equation 5.6, the Akaike information criterion figure becomes
bigger, which is not the desired outcome and thus Equation 5.6 is considered the optimum

Akaike ARIMA model despite the insignificant coefficients.

Mauritius ARIMA Models

AIC

dc, =0.0058+1.06dc, , +0.24dc,_, —1.12dc, , +0.36dc, , +0.15dc, , —1.04u,_, +0.03u, ,
+0.88u, , —0.29u, ,(0.54) (0.12)  (0.19) (0.93)  (0.09) 5.8

BIC

dc, =0.0056+1.85dc, , —1.25dc, , —0.02dc, , +0.26dc, , —1.86u, , +1.54u, , —0.37u, ,
0.93) 5.9

Equation 5.8 shows that a number of coefficients are statistically insignificant, and eliminating

the second lag of the moving average function results in the following Equation 5.10;

dc, =0.0058+1.03dc, , +0.27dc,_, —1.12dc, , +0.33dc, , +0.16dc,  —1.01u, , +0.8%u, ,
~0.28u,_, 5.10

All the coefficients in the above equation are significant at 10% LOS, but coefficients of the
fourth lag of both the autoregressive and moving average functions are insignificant at 5%

LOS. Eliminating the fourth lag of the moving average function, however, results in the
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Akaike information criterion figure becoming bigger, which, as noted above, is not desirable.
As for the Schwarz model, only one coefficient is insignificant, and removing it from the
equation results in the following Equation 5.11:

dc, =0.0059+1.76dc, , —1.18dc, , +0.23dc, , —1.7u,_, +1.34u,, —0.34u, , 5.11

The above equation’s coefficients are all significant and would thus be considered as the

optimum Schwarz ARIMA models.

Nigeria ARIMA Models

AlIC

dg =0.017+1.25¢ , —0.63dg , +0.56dg , —1.0&d¢ , +0.7%g  —1.08u, , +0.6%, ,
-0.66u, ; +1.23u, , —0.67u, 5.12

BIC

dc, =0.0185+0.91dc, , —0.67u, , 5.13
All the coefficients of the above ARIMA models are statistically significant and would thus be
carried forward to the diagnosis stage of this model search. The calculated R-squared for the
Akaike model is 0.3462 which means the model explains 34.62% of the movements in the
inflation rate and this is a better result than the 0.2628 figure for the Schwarz model. Both
equations are statistically significant with 39.7368 and 11.1728 F-statistics for the Akaike and

the Schwarz models respectively.

South Africa ARIMA Model

dc, =-0.0045+0.39%c, , +0.6dc,_, —0.121,_, —0.47u,_, —0.17u,_, —0.34u,_, 5.14
0.82) (0.52)
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The coefficient of the first lag moving average function is statistically insignificant as well as
the constant, and knocking off the constant followed by the next insignificant function results

in Equation 5.15:
dc, =0.31dc, , +0.68dc, , —0.5u, , —0.17u, , —0.334u, , 5.15

All the components of this equation are now statistically significant.

Zimbabwe ARIMA Models

AlIC

dd, =0.0004 +1.41dd, , +0.12dd, , —0.64dd, , +0.01dd, , — 2.25u, , +1.24u,,

+0.4u,_, —0.38u, , (0.75) (0.96)

(0.43) 5.16
BIC

dd, =0.0007—0.31dc, , — 0.4u, , 5.17
(0.42)

Equation 5.16 has three insignificant coefficients. However, knocking off the one with the
highest probability results in the Akaike figure becoming bigger rather than smaller, so the
model is retained in its current form. As for the Schwarz ARIMA model, the elimination of the
insignificant constant results in the following Equation 5.18:

dd, =-0.31dc, , —0.39u, , 5.18

This equation now has significant components and explains 35.17% movements in the

inflation rate in Zimbabwe. The diagnostic tests for the equations are given in Appendix 5.2.
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5.3.2 The GARCH models

Only the general GARCH model will be considered here. It will be looked at from two angles,
the first being generated by regressing the series with a constant, and then the second through
creating a GARCH out of an ARIMA model. The series should, however, show the existence
of ARCH effects before it is considered for this type of model. The first part of this section
therefore considers testing for ARCH effects; the second part constructs the GARCH models
starting with one regressed using a constant followed by one constructed out of an ARIMA
model, and the last part will test these models to check if there are any ARCH effects
remaining in the model. As noted in the methodology chapter, it is best to estimate a GARCH
(1,1) as it captures all the volatility for financial data. Table 5.8 below presents the results of the
ARCH effects test for the inflation series with the following null and alternative hypotheses:
H, No ARCH effects

H,. There are ARCH effects

The results below show that the Mauritius and the Zimbabwe series exhibit the existence of
ARCH effects in them as their calculated values are above the 5% LOS critical values of 3.84,
11.07 and 25 for 1, 5 and 15 degrees of freedom respectively. Thus the null hypothesis that

there are no ARCH effects is rejected.

Botswana | Ghana | Kenya | Mauritius | Nigeria | South | Zimbabwe
Africa

Obs*R-sq.-1 lag 061 | 300 | 191 | 1480% | 3.74 | 324 | 61.85*
Obs*R-50.-5 lags 100 | 398 |24.72%| 3282F | 950 | 5.77 | 7321
Obs*Rsq-15 lags | 644 | 517 |4168*| 6300~ | 1368 | 10.33 | 108.24*

The figures with asterisk (*) are above the critical values and the Null hypothesis for no ARCH
effects in this case is not rejected.

Table 5.8: ARCH LM test
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For the Kenyan series, the hypothesis is not rejected for the 5% LOS with one degree of
freedom, but is rejected for five and fifteen degrees of freedom. Given these results, GARCH
models were estimated for the Kenya, Mauritius and Zimbabwe time series. The GARCH
model results for these three countries are presented in Table 5.9 below based on the following

Equation 5.19:

ol =0+ Pel, + Aol 5.19

where & is the conditional variance (the GARCH term), @ is the mean, } is the coefficient

of the ARCH term (¢&,) measured as the lag of the squared residual from the mean equation

which measures news about volatility from the previous period and A is the coefficient for the

GARCH term in the previous period.

w B A
GARCH (1:1) 0.000015 | 0.0872 | 0.8579

Kenya  "GARCH from ARIMA (AIC) | 0.000004 | 0.4858 | 0.4339
GARCH from ARIMA (BIC) | 0.000042 | 0.4574 | 0.4448
| GARCH (L.1) 0.000001 | -0.0443 | 1.0044
Mauritius "= ARCH from ARIMA (AIC) | 0.000012 | 0.5588 | 0.2222
GARCH from ARIMA (BIC) | 0.000001 | 0.5286 | 0.2025
GARCH (1:1) -0.000005 | 0.0856 | 0.9519
Zimbabwe "= AR EH from ARIMA (AIC) | 0.000001 | -0.0241 | 1.0391
GARCH from ARIMA (BIC) | -0.000004 | 0.0619 | 0.9747
Table 5.9: GARCH model results for the inflation rate

The residuals for these models were saved and the ARCH LM test conducted to confirm if
there are still any ARCH effects in the models and this test was performed at 5% level of

significance with the results in Table 5.10.
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F-Stats Obs*R-sq
GARCH (1:1) 0.00572 0.00577

Kenya GARCH from ARIMA (AIC) 0.07084 0.07146
GARCH from ARIMA (BIC) 0.01960 0.01977
GARCH (1.1) 0.00004 0.00004
Mauritius GARCH from ARIMA (AIC) 0.26763 0.26974
GARCH from ARIMA (BIC) 0.24252 0.24446
GARCH (1:1) 1.47444 1.47789
Zimbabwe GARCH from ARIMA (AIC) 10.7756 10.36406
GARCH from ARIMA (BIC) 3.23316 3.21546
Table 5.10: Arch LM test for the inflation GARCH models

The table above presents results for an ordinary GARCH estimated using a constant, Akaike
ARIMA and Schwarz ARIMA, apart from the Zimbabwe results, the rest are insignificant,
indicating that the models no longer have ARCH effects. The GARCH estimated using the
Akaike ARIMA for Zimbabwe series is the significant one; thus the null no ARCH effects in
the model at 5% level of significance after one degree of freedom is rejected, and this model

will not be considered for forecasting purposes.

5.4 Univariate model selection and forecasting

In line with the earlier discussion, forecasting of inflation is important in the context of this
research as it provides the tools required to determine unexpected inflation. Moreover, the
need to establish the relationship between the stock market and inflation is to ensure investor
marketing positioning in the face of pending inflation; hence the need for an optimum
inflation forecasting model. So far in this chapter, the models have been selected and for each
ARIMA, and GARCH models where applicable, forecasting will be done to choose the best
model for each country and this will represent the best univariate forecasting model. In each

case the chosen model is compared with the autoregressive (AR) with one lag, i.e. AR(1)
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benchmark to ascertain its strength. Both in-sample (prior to February 2006 period) and out-
of-sample (after February 2006 period) forecasting was carried out for one month, three
months, six months and one year. For selecting the best forecasting model, the models were
ranked in terms of the different forecasting selection criteria explained in the methodology
section, i.e. RMSE, MAE, MAPE, TIC and BP. The problem with this method is that it
assumes that the said criteria are equally important or weighted, which is not the case, but in
the absence of a known weighting system the system was considered appropriate. For the one-
month forecasts RMSE and MAPE were used, since the other criteria are not suited for one

period ahead forecasting.

5.4.1 Out-of-sample one month results

Table 5.11 below shows the results of the out-of-sample one month forecasts for all the
countries using the models defined by Equations 5.2 to 5.18 above. For Botswana and Nigeria,
the results indicate that the Schwarz ARIMA model forecast results are better than the Akaike
ARIMA model. However, the AR(1) benchmark has better results than both models using
either the RMSE or MAPE, since the calculated figures are the smallest. In Ghana and South
Africa, the ARIMA model’s results forecast is better than the autoregressive model which acts
as the benchmark. In cases where the GARCH models are considered, like Mauritius, Kenya
and Zimbabwe, these models forecast better than the ARIMA and the AR(1). The only
difference is that in Mauritius the GARCH estimated from either Akaike or Schwarz
information criteria do not outperform the ordinary GARCH (1,1), while in Kenya and
Zimbabwe the model's (GARCH) forecast results are poorer than those obtained from

ARIMA and AR (1).
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OUT OF SAMPLE FORECASTING RESULTS
Country Model RMSE MAPE
ARIMA-S 0.000774 8.775944
Botswana ARIMA-K 0.001011 11.46227
AR(1) 0.000205* 2.318581*
ARIMA 0.00674* 234.4248*
Ghana
AR(1) 0.00832 289.3922
ARIMA-S 0.017111 47.67583
ARIMA-K 0.017312 48.23538
0.027696 77.1681
Kenya GARCH
GARCH-AK 0.00635 17.69309
GARCH-AS 0.003597* 10.02342*
AR(1) 0.012758 35.5469
ARIMA-S 0.006083 658.5228
ARIMA-K 0.005599 606.2245
* *
Mauritius GARCH 0.003191 345.4854
GARCH-AK 0.004205 455.2954
GARCH-AS 0.004405 476.9253
AR(1) 0.005986 648.0648
ARIMA-S 0.010556 70.06521
Nigeria ARIMA-K 0.020452 135.7524
AR(1) 0.002171* 14.40854*
* *
South Africa ARIMA 0.001552 87.29564
AR(1) 0.0030650 172.43
ARIMA-S 0.1275 85.47012
ARIMA-K 0.16369 109.7302
Zimbabwe GARCH 0.149339 100.1104
GARCH-AK 0.155793 52.86693*
GARCH-AS 0.120784* 80.96802
AR(1) 0.139545 93.54485
ARIMA-K and ARIMA-S denote Schwarz and the Akaike information criteria
derived ARIMA respectively. The figures with asterisk (*) have the lowest number,
therefore best result for each country using the different forecasting measures.

Table 5.11: One month out-of-sample forecasting results for

inflation univariate models
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5.4.2 In-sample one month results

For the in-sample case, Botswana, Kenya and Mauritius ARIMA models fit the data better

than the benchmark or the GARCH in the case of Kenya. The autoregressive model lagged

once fits the South Africa and Nigeria data better, as shown in Table 5.12 below, but is among

the worst fit for the rest of the other countries.

IN SAMPLE FORECASTING RESULTS
Country Model RMSE MAPE
ARIMASS 0.006234 40.99243
Botswana ARIMA-K 0.005437% | 357518
AR() 0.007364 4841957
ARIMA 0.00530 985082
Ghana AR(D) 0.00638 1185841
ARIMASS 0.048096 7561099
ARIMA-K 0.046302 | 729328
GARCH 0.055415 87.11772
Kenya GARCH-AK 0.050218 7894797
GARCH-AS 0.049239 7740875
AR(L) 0.053007 8347358
ARIMASS 0.010000 | 7483750
ARIMA-K 0.022785 8932190
. GARCH 0.021394 83.86927
Mauritius GARCH-AK 0019747 | 7741034
GARCH-AS 0.019964 7826152
AR() 0.020074 7869332
ARIMASS 0.00261 52.09457
Nigeria ARIMA-K 0.00282 5627754
AR() 0.002388* | 47.65372*
) ARIMA 0.001222 3721004
South Africa AR(D) 0.000469% | 1427911
ARIMASS 0.043173 2812981
ARIMA-K 0.011297 73.60071
. GARCH 0.015183 98.92664
Zimbabwe GARCH-AK 0.002812* | 1932635
GARCH-AS 0.039391 259.6552
AR(L) 0.042892 279.4648
ARIMA-K and ARIMA-S denote Schwarz and the Akaike information criterion derived
ARIMA respectively. The figures with asterisk (*) have the lowest number thus best
result for each country using the different forecasting measures.

Table 5.12: One month in-sample forecasting results for inflation univariate

models
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Unlike in the out-of-sample case, GARCH models do not fit the data well except in
Zimbabwe, where a GARCH generated from an Akaike ARIMA model is a better fit of the

data than all other models.

5.4.3 Longer period forecast results
In this section we look at the results for out—-of-sample forecasting and establish if the models
fit the data well by looking at the in—sample results. This will be done country by country with

each model ranked as noted above and explained below.

BOTSWANA FORECASTING RESULTS
Bgceag Fﬁgfﬁjﬁt Model | RMSE | MAE | MAPE | TIC BP
ARIMA-S | 0.000706* | 0.000666* | 7.599789 | 0.038413* | 0.889854
Moiths ARIMA-K | 0.000947 | 0.000813 | 9.34428 | 0.051121 | 0.737248
AR(1) 0.000769 | 0.00067 | 7.498353* | 0.044721 | 0.480633*
Out—of— 5 ARIMA-S | 0.003387 | 0.02622 | 58.60543 | 0.204338 | 0.599356
Sample | \\ o | ARIMA-K | 0003511 | 0.002762 | 60.79219 | 0.209989 | 0.618743
Forecasts AR(1) 0.002426* | 0.001898* | 42.1654* | 0.158996* | 0.285367*
ARIMA-S | 0.003801 | 0.003318 | 73.30134 | 0.245241 | 0.762194
Molﬁths ARIMA-K | 0.003949 | 0.003475 | 76.14458 | 0.252187 | 0.774335
AR(1) 0.002751* | 0.002353* | 52.63782* | 0.193264* | 0.556478*
ARIMA-S | 0.00372 | 0.003202 | 29.36344 | 0.184664 | 0.036542
Moiths ARIMA-K | 0.003249* | 0.002856* | 26.66724 | 0.159515* | 0.023233*
AR(1) 0.004362 | 0.003184 | 26.0533* | 0.227323 | 0.149605
In— ARIMA-S | 0.005802 | 0.004364 | 2897002 | 0.284449 | 052977
Sample Moﬁths ARIMA-K | 0.005568* | 0.004143* | 27.29242* | 0.270757* | 0.534213
Forecasts AR(1) 0.005616 | 0.004227 | 28.14883 | 0.272703 | 0.514721*
ARIMA-S | 0.005422 | 0.004486 | 47.38178* | 0.307476 | 0.329739
Molﬁths ARIMA-K | 0.005261 | 0.004417 | 48.66731 | 0.29465 | 0.307051
AR(1) 0.004937* | 0.004113* | 49.86042 | 0.264343* | 0.175912*
The figures with asterisk (*) have the best models in each forecast period using a particular forecast
determination criterion.

Table 5.13: Forecasting results for Botswana inflation univariate models
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For the in—sample case, the ARIMA which is Akaike generated fits the series data better using
most forecast benchmarks or criteria for the three and six months periods. These findings are
consistent with the one—-month results contained above for Botswana, where AR(1) was a
better forecasting model for out-of-sample and the Akaike information criteria generated
ARIMA was a better fit of the data using in—sample forecasting. The above results also show
that for three months out—of-sample forecasts, the ARIMA from the Schwarz lag information
criterion are better using RMSE, MAE and TIC forecast benchmarks. However, using MAPE
and BP, the ARIMA models are poor forecasts compared to the AR(1), and also fall short on
all benchmarks for both the six and twelve months forecast periods. The power of the AR(1)

in forecasting inflation for these periods is further supported by evidence from South Africa,

which is presented in Table 5.14 below.

SOUTH AFRICA FORECASTING RESULTS
Bsceag F;’gfﬁ,ajt Model | RMSE | MAE | MAPE | TIC BP
3 ARIMA | 0.001602* | 0.001317* | 220.9957* | 0.290988* | 0.608398*
Months | AR(1) 0.03856 | 0.00372 | 523.7942 | 0.485704 | 0.906785
Sca’“mtp"lfe 6 ARIMA | 0.003676 | 0.003122 | 142.3973* | 0.42163 | 0.250154
Forecasts | MONNs | Ar(1) 0.00287* | 0.002384* | 268.726 | 0.242048* | 0.201262*
12 ARIMA | 0.003214 | 0.002591 | 89.28373* | 0.383918 | 0.367709
Months | AR(1) 0.002755* | 0.002445* | 165.3389 | 0.230545* | 0.343899*
3 ARIMA | 0.001117* | 0.001022* | 56.01427* | 0.208825* | 0.005421*
Months | aR(1) 0.002925 |  0.00269 | 142.4909 | 0.366107 | 0.845882
Sa'rgg)le 6 ARIMA | 0.001272* | 0.001074* | 50.0905* | 0.17926* | 0.036934*
Forecasts | MONNs | AR1) 0.003659 | 0.003375 | 148.794 | 0.359497 | 0.850495
12 ARIMA | 0.002494* | 0.002047* | 120.0126* | 0.430037 | 0.306294
Months | aR(1) 0.002755 | 0.002445 | 165.3389 | 0.230545* | 0.230545*
The figures with asterisk (*) have the best models in each forecast period using a particular
forecast determination criterion.

Table 5.14: Forecasting results for South Africa inflation univariate models
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Apart from the AR(1) dominance in longer period forecasting in South Africa for the one and

three months out-of-sample forecasts, the ARIMA model is more powerful than other

univariate models including for three and six months in—sample forecasts. The contradiction

with these results is that the three months in—sample results presented above suggest that the

ARIMA models are ideal fits for short—term South African data, but Table 5.12 provides a

different picture since the results show that AR(1) is a better fit for the data. This contradiction

is also noticed when the Nigerian inflation forecast results presented in Table 5.15 are analysed

and compared with the results in Table 5.12.

ggcea‘i FF‘,’erficoa;t Model | RMSE | MAE | MAPE TIC BP
ARIMA-S | 0.018783 | 0.013844 | 52.40298* | 0.647345 | 0.532648
Moiths ARIMA-K | 0.024814 | 0.023311 | 149.0393 | 0.862961 | 0.882507
AR(1) 0.013381* | 0.11069* | 75.13414 | 0.346136* | 0.093226*
Out—of— 5 ARIMA-S | 0.016007* | 0.012606* | 396.5127 | 0.653655 | 0.005341*
Sample | ponths |ARIMA-K | 001984 | 0.1687 | 333.7656* | 0.837706 | 0.147415
Forecasts AR(1) 0.017599 | 0.015675 | 752.2642 | 0.523336* | 0.211709
" ARIMA-S | 0.01501* | 0.012497 | 447.7647 | 0.605071 | 0.047717
Months | ARIMA-K | 0015193 | 0.01174* | 244.9112* | 0683958 | 0.029206*
AR(1) 0.017476 | 0.01569 | 715.0854 | 0.546541* | 0.381708
ARIMA-S | 0.016094 | 0.014573 | 156.6024 | 0.872475 | 0.819883
Moiths ARIMA-K | 0.01198* | 0.009922* | 105.3574* | 0.753688* | 0.685927*
AR(1) 0018393 | 0.01777 | 212.0878 | 0.827748 | 0.933416

In— ARIMA-S | 0.028939 | 0.02629 | 263.7333 | 0.811877 | 0.8253
Sample Moﬁths ARIMA-K | 0.031314 | 0.026988 | 228.8005* | 0.797833 | 0.742789*
Forecasts AR(1) 0.026916* | 0.025092* | 239.9004 | 0.770754* | 0.869038
" ARIMA-S | 0.020683 | 0.016999 | 213.7878 | 0.547905 | 0.161982
Months | ARIMA-K | 0.019644 | 0.016559 | 177.1761* | 0550017 | 0.095436*
AR(1) 0.017476* | 0.01569* | 715.0854 | 0.546541* | 0.381708

The figures with asterisk (*) have the best models in each forecast period using a particular forecast

determination criterion.

Table 5.15: Forecasting results for Nigeria inflation univariate models
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For the rest of the results, there is no real consistency exhibited in the above findings, possibly
owing to the number of benchmarks and models considered. In the Ghana case, though,
where only two models are compared for this univariate forecasting method, the results which
are presented below in Table 5.16 show that the ARIMA model is superior to the AR(1) for all
periods using all forecast benchmarks. The results in Table 5.16 show that when forecasting

inflation in Ghana using a univariate approach there is need to determine an ARIMA model

rather than just using an AR(1).

Typeof | Forecast| o401 | RMSE | MAE | MAPE | TIC BP
forecast | Period
3 ARIMA 0.006452* | 0.006175* | 205.9785* | 0.416612* | 0.916*
Out—of— Months [ AR(1) 0.009726 | 0.009577 | 297.9949 | 0.511521 | 0.969601
sample 6 ARIMA 0.004687* | 0.003784* | 108.3464* | 0.216536* | 0.375756*
Forecasts Months | AR(1) 0.007621 | 0.006996 | 166.558 | 0.294528 | 0.842701
12 ARIMA 0.00565* | 0.005084* [ 92.81622* | 0.25071* | 0.671241*
Months [ AR(1) 0.0088 | 0.008408 | 142.3756 | 0.334486 | 0.912967
3 ARIMA 0.006527* | 0.006198* | 99.5504* | 0.320295* | 0.901633*
Ine Months | AR(1) 0.009427 | 0.009046 | 144.2346 | 0.405407 | 0.920835
sample 6 ARIMA 0.00477* | 0.003419* | 53.24849* | 0.216947* | 0.4855*
Forecasts Months [ AR(1) 0.007963 | 0.006711 | 94.95162 | 0.31252 0.7102
12 ARIMA 0.007531* | 0.006586* | 70.69316* | 0.281498* | 0.110913*
Months [ AR(1) 0.009421 | 0.009086 | 102.7589 | 0.31399 | 0.373127
The figures with asterisk (*) have the best models in each forecast period using a particular forecast
determination criterion.

Table 5.16: Forecasting results for Ghana inflation univariate models

This assertion cannot be made in cases where there are many models to choose from, as in the
Kenyan case whose results are shown in Table 5.17 below. The table shows that using the
RMSE and TIC, the benchmark AR(1) is a better out—of-sample forecast than other model
innovations. However, this benchmark is less preferable for the other periods out of sample

using the MAPE and BP measures, where the GARCH models performed better.
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For in—sample forecasting there is also a mixture of results using different measures, with the

ARIMA innovations performing better using most of these.

Type of | Forecast

. Model RMSE MAE MAPE TIC BP
forecast Period

ARIMA-S 0.025519 | 0.024393 | 182.635 | 0.547877 | 0.258959

ARIMA-K 0.024279 | 0.022204 | 155.4511 | 0.554037 | 0.192884

3 GARCH 0.020328 | 0.016665 | 81.38351* | 0.657633 | 0.01146*

Months | GARCH-AK | 0.02361 0.019915 | 159.5712 | 0.482852 | 0.441139
GARCH-AS 0.026076 | 0.021868 | 187.9453 | 0.494064 | 0.55751
AR(1) 0.016397* | 0.014171* | 91.62198 | 0.414652* [ 0.119394

ARIMA-S 0.02641 0.025179 | 291.2633 | 0.686511 | 0.543762

ARIMA-K 0.025729 | 0.024408 | 346.5329 | 0.689101 | 0.524741

2;:;3{8_ 6 GARCH 0.020781 | 0.018306* | 185.7196* | 0.769872 | 0.18282*
Forecasts Months | GARCH-AK | 0.026886 | 0.024586 | 366.6575 | 0.652368 | 0.698442
GARCH-AS 0.028203 | 0.025384 | 323.6535 | 0.651148 | 0.735375

AR(1) 0.020349* | 0.018336 | 219.9485 | 0.61819* 0.4789

ARIMA-S 0.019184 | 0.015105 | 159.6037 | 0.570648 | 0.148488

ARIMA-K 0.018321 0.01345 | 181.4109 | 0.519295 | 0.271029
12 GARCH 0.015921 | 0.012982 | 115.1296* | 0.616681 | 0.001485*

Months | GARCH-AK | 0.019425 | 0.014787 | 201.8513 | 0.509006 | 0.414955
GARCH-AS 0.020282 | 0.014829 | 174.0195 | 0.546662 | 0.265078

AR(1) 0.015122* | 0.011888* | 125.181 | 0.501702* | 0.086785

ARIMA-S 0.032647 | 0.024029 | 58.09397 | 0.687156 | 0.541743

ARIMA-K 0.030179* | 0.021545* | 47.91133* | 0.602583* | 0.509655

3 GARCH 0.033067 | 0.023852 | 56.20698 | 0.694931 | 0.520303

Months | GARCH-AK | 0.034035 | 0.026381 | 74.40463 | 0.752514 | 0.600808
GARCH-AS 0.032317 0.02355 | 55.32211 | 0.673413 | 0.531008
AR(1) 0.031496 | 0.022132 | 48.42334 | 0.634805 | 0.480386*

ARIMA-S 0.022573 0.0131* | 174.0227* | 0.619385 | 0.156606

ARIMA-K 0.021182* | 0.013166 | 174.6611 | 0.554577* | 0.151423

Salrrr:;_)le 6 GARCH 0.023875 | 0.014989 | 265.7888 | 0.660155 | 0.137798
Forecasts Months | GARCH-AK | 0.023682 | 0.014554 | 204.9304 | 0.655708 | 0.153814
GARCH-AS 0.022404 | 0.013685 | 223.5821 | 0.599633 | 0.123784
AR(1) 0.022955 | 0.041934 | 315.1931 | 0.598319 | 0.084558*

ARIMA-S 0.017514 | 0.011578 | 465.2762 | 0.575514 | 0.026207

ARIMA-K 0.015839* | 0.009237* | 302.9816* | 0.533881* | 0.057689

12 GARCH 0.017857 | 0.010874 | 395.7788 | 0.610088 | 0.039479

Months | GARCH-AK | 0.017245 | 0.011033 | 474.1955 | 0.560211 | 0.015801
GARCH-AS 0.017355 | 0.011649 | 477.4108 | 0.561069 | 0.01841
AR(1) 0.017471 | 0.011472 | 504.6633 | 0.556076 | 0.006829*

The figures with asterisk (*) have the best models in each forecast period using a particular forecast
determination criterion.

Table 5.17: Forecasting results for Kenya inflation univariate models
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In each period there are six models considered for the five forecast measures (RMSE, MAE,
MAPE, TIC and BP), and finding the best model in this case will have to be linked to one
particular measure, disregarding the advantages of the rest. One way of determining the best
model would be to convert the results into a z-score, which will limit the impact of big
numbers that are produced by MAPE. The z-score is found by subtracting the mean of each
column of results for a given forecast period from the actual recorded result, then dividing the
outcome by the standard deviation of the same group of results. Since all forecast measures
considered here are best when the result is minimised, the model with the smallest z-score

becomes the best for the forecast period.

Table 5.18 below shows the z-score of the forecast results for Kenya. The models with total
scores with asterisks are the best for the forecast period. The total in the right-hand column is
the sum of the z-scores for each innovation. AR(1) is the best forecast model for out-of-
sample forecasts in Kenya for three, six and twelve months; this is contrary to the finding in
Table 5.11 which showed that the GARCH was a better forecast for shorter periods, i.e. one
month. The z-score results also indicate that the Akaike generated ARIMA innovation fits the
Kenya data better than all the other models for all the periods, and this is consistent with the

earlier findings in Table 5.12.
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Typeof | Forecast |\, o1 | RMSE | MAE | MAPE | TIC | BP | Total
forecast | Period

ARIMA-S 0.764 | 1.187 | 0.864 0.276 | -0.023 | 3.068
ARIMA-K 0428 | 0.612 | 0.270 0.351 |[-0.347| 1314
3 GARCH -0.644 | -0.841 | -1.350 | 1.609 | -1.238| -2.463
Months | GARCH-AK | 0.246 | 0.012 | 0.360 | -0514 | 0.872 [ 0.976
GARCH-AS 0915 | 0524 | 0981 | -0.378 | 1.444 | 3.485
AR(1) -1.709 | -1.495 | -1.126 | -1.343 | -0.708 | -6.381*
ARIMA-S 0506 | 0.727 | 0.032 0.166 | 0.083 | 1514
ARIMA-K 0.301 | 0.501 | 0.799 0.216 |-0.013 | 1.803
OUt_OIf_ 6 GARCH -1.186 | -1.288 | -1.432 | 1.765 | -1.750| -3.891
Fsoarg::gsets Months [ GARCH-AK | 0649 | 0553 | 1.078 | -0.489 | 0.869 | 2.660
GARCH-AS 1.045 | 0.787 | 0481 | -0512 | 1.056 | 2.857
AR(1) -1.316 | -1.279 | -0.957 | -1.145 | -0.246 | -4.943*
ARIMA-S 0.553 | 0.989 | 0.002 | 0.607 |-0.333| 1.818
ARIMA-K 0.135 | -0.305 | 0.652 | -0.563 | 0.492 | 0.410
12 GARCH -1.027 | -0.671 | -1.323 | 1.657 | -1.323| -2.687
Months | GARCH-AK | 0669 | 0.741 | 1.261 | -0.798 | 1.461 | 3.334
GARCH-AS 1.084 | 0.773 | 0432 0.061 | 0.452 | 2.802
AR(1) -1414 | -1.527 | -1.024 | -0.964 | -0.748 | -5.677*
ARIMA-S 0.268 | 0.264 | 0.142 0.250 | 0.275 | 1.199
ARIMA-K -1.586 | -1.202 | -0.916 | -1.383 | -0.521 | -5.608*
3 GARCH 0.583 | 0.160 | -0.054 | 0.400 |-0.257 | 0.832
Months | GARCH-AK | 1310 | 1.652 | 1.836 1511 | 1.741 | 8.051
GARCH-AS | 0.020 | -0.019 | -0.146 | -0.016 | 0.009 | -0.151
AR(1) -0.596 | -0.855 | -0.863 | -0.761 | -1.247 | -4.323
ARIMA-S -0.210 | -0.477 | -0.945 | 0.120 | 0.799 | -0.713
ARIMA-K -1.633 | -0.471 | -0.934 | -1.513 | 0.611 | -3.940*
Salrrr]l[_)le 6 GARCH 1121 | -0.312 | 0.712 1.147 | 0114 | 2.782
Forecasts Months [ GARCH-AK | 0924 | -0.350 | -0.387 | 1.035 [ 0.698 | 1.919
GARCH-AS | -0.383 | -0.426 | -0.050 | -0.378 | -0.396 | -1.633
AR(1) 0.180 | 2.037 | 1605 | -0.411 |-1.825| 1.586
ARIMA-S 0.427 | 0.667 | 0381 | 0.369 [-0.065| 1.780
ARIMA-K -1.951 | -1.918 | -1.785 | -1.271 | 1.641 | -5.285*
12 GARCH 0914 | -0.110 | -0.547 | 1.731 | 0.654 | 2.642
Months | GARCH-AK | 0.045 | 0.065 | 0500 | -0.234 | -0.629 | -0.252
GARCH-AS | 0201 | 0.746 | 0.543 | -0.200 | -0.487 | 0.803
AR(1) 0.366 | 0.550 | 0.907 | -0.396 |-1.115| 0.312
The z-score total figures with asterisk (*) have the best models in each forecast period.

Table 5.18: Forecasting results z-scores for Kenya inflation univariate models

While the GARCH models do not seem to do well as a forecast tool for inflation in Kenya, the
findings were not the same for Mauritius and Zimbabwe, where the models are better than

ARIMA innovations for out—of—sample forecasts. The detailed results for these two countries
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are contained in Appendix 5.3, which presents the same information as provided in Tables

5.17 and 5.18 above in each case.

FORECASTING RESULTS
Typeof | Forecast Model Kenya | Mauritius | Zimbabwe
forecast Period
ARIMA-S 3.068 4,749 -2.309
ARIMA-K 1.314 4.362 3.018
GARCH -2.463 -2.350 0.388
3 Months - R CHAK 0976 | -4525* 2707
GARCH-AS 3.485 -4.304 -2.635*
AR(L) 6.381F | 2068 1169
ARIMA-S 1514 -0.427 -1.901
; ARIMA-K 1.803 -0.063 2.305
(gfl;;gle_ 6 Months GARCH -3.891 3.958 -0.012
Forecasts GARCH-AK 2.660 -3.049* 2.775
GARCH-AS 2.857 -2.607 -2.199*
AR(L) 4943 | 2188 20.967
ARIMA-S 1.818 0.417 -1.270
ARIMA-K 0.410 -0.180 1.019
GARCH -2.687 3.637 -0.457
12 Months |- RCH-AK 3334 | -3.033* 2.958
GARCH-AS 2.802 -2.517 -1.399*
AR() 5677 | 1676 20.851
ARIMA-S 1.199 -5.116* -1.484
ARIMA-K -5.608* 3.478 6.704
3 Months GARCH 0.832 4.967 -0.726
GARCH-AK 8.051 0.090 -2.741*
GARCH-AS -0.151 0.739 -1.009
AR(1) -4.323 -4.157 -0.745
ARIMA-S -0.713 -2.126* -2.370
ARIMA-K -3.940* 4.105 5.994
Salrrr]n_)le 6 Months GARCH 2.782 1.849 3.554
Forecasts GARCH-AK 1.919 -1.252 -2.619
GARCH-AS -1.633 -0.809 -2.797*
AR(1) 1.586 -1.767 -1.762
ARIMA-S 1.780 1.416 -5.060*
ARIMA-K -5.285* 1.448 4.664
GARCH 2.642 -1.151 -0.287
12 Months - R CA-AK 0252 | -1.709% 2417
GARCH-AS 0.803 -0.731 -0.807
AR() 0312 | 0727 20.926
The z-score total figures with asterisk (*) have the best models in each forecast
period.

Table 5.19: Summary forecasting results z-scores for univariate models
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Table 5.19 above presents the summary of the total z-scores for Kenya, Mauritius and
Zimbabwe, the only countries where the GARCH inflation innovations were possible. The
table also shows that for short periods in Zimbabwe and Mauritius the AR(1) fits the data
better than other models. This finding is inconsistent with the contents of Table 5.12, which
shows the ARIMA innovations fitting the short—term data better than the AR(1) in Mauritius
and the GARCH in Zimbabwe. In summary, the univariate forecasting results show that AR(1)
performed well for out-of-sample forecasting of inflation in Botswana and Kenya as well as for
twelve months in-sample forecasting in Botswana, Nigeria and South Africa. Therefore the
ARIMA and GARCH models arrived at in these countries are not effective in forecasting
inflation. The GARCH model made up from the ARIMA innovations performs well in

Mauritius and Zimbabwe out-of-sample forecasting, as presented above in Table 5.19.

5.5 Cointegration and VECM

In this section, cointegration will be considered in order to ascertain long-run relationships
between inflation and other economic variables. As noted earlier in this chapter, the
Zimbabwean interest rate, exchange rate and money market are all integrated to the first order,
while inflation is a second order series. Thus bivariate and multivariate models will not be
considered, since same order series are more effective to work with. In any case, Chapter 4
looked at the relationship between inflation changes and other economic variables in
Zimbabwe. Thus the first part of this section will ascertain if there is a long—term relationship
between inflation and each variable using two cointegration approaches, the Engle-Granger 2—
Step and the Johansen methodology, which were presented in Chapter 2. The purpose of this

exercise is to ensure that models arrived at later on are not spurious but a product of an
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existing relationship between the variables. The second part of this section will explore the
causality relationship between the variables and inflation, while the third presents models
which are carried out using the information obtained from the cointegration and causality
results. The final part of this section will then present the forecast results for both bivariate

and multivariate innovations.

The process of arriving at the conclusion for cointegration was explored in Chapter 2 and the
tables below present the unit root test results for the residuals obtained from regressing each
variable with inflation as the dependent variable in the cointergrating equation. Table 5.20
below shows the results of the unit root test performed on the residuals of the regression

between the exchange rate and inflation, with the former as the independent variable.

Augmented Dickey

Fuller Phillips—Perron KPSS
Country A T&C | None A T&C None A T&C
Botswana -5.90* | -13.56* | -5.92* | -14.21* | -14.36* | -14.23* | 0.68* | 0.14**
Ghana -456*% | -471*% | -457* | -943* | -9.72* -9.45* | 0.31*** | 0.08***
Kenya -7.59* | -6.78* | -7.60* | -12.70* | -12.82* | -12.73* | 0.47* | 0.15**
Mauritius S7.02% | -7.87% | -7.74* | -14.83* | -14.86* | -14.85* | 0.29*** | 0.05***
Nigeria -2.67** | -9.96* | -2.68*| -9.38* | -10.79* | -9.40* 1.01 0.24

South Africa -5.26* -6.98* | -5.27* | -8.35* | -10.71* -8.36* 151 | 0.08***
Critical Values

1% -3.46 -400 | -2.57 | -3.46 -4.00 -2.57 0.74 0.22
5% -2.87 -3.43 | -194 | -2.87 -3.43 -1.94 0.46 0.15
10% -2.57 -3.14 | -162 | -2.57 -3.14 -1.62 0.35 0.12

Unit root test results for the residual series of the inflation and exchange rate regression. The
triple asterisk (***) represents situations where the Null is rejected at 10% level of significance,
the double asterisk (**) represents where the Null is rejected at 5% and one asterisk (*) at 1%
level of significance. ‘A’ stands for constant, ‘T&C’ trend and constant and ‘None’ without trend
or constant.

Table 5.20: Unit root test results for residuals of inflation and the exchange rate

These results indicate that Mauritius and Ghana inflation—exchange rate regression residuals do
not have a unit root and thus are stationary using the three test criteria. Botswana and Kenya

fail the KPSS stationarity test and can only be regarded stationary at 5% level of significance
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on the stationarity hypothesis. South Africa can only be rejected when considering the unit
root with and intercept only. The Nigerian exchange rate is, not surprisingly, non stationary at
all levels of significance, since its exchange rate was fixed for the greater part of the sample
period, while its inflation was moving freely. Thus, using this method, no evidence of a long—
term relationship between the two variables is found. Similar results to those presented above
were also obtained for interest rates, as shown in Appendix 5.4. Again there is no evidence of a
long-term relationship between inflation and interest rates in Nigeria over this period, owing

mostly to the fact that interest rates were predominantly fixed between 1994 and 1999.

The relationship between inflation and money supply was studied in only three countries
where data was available, Botswana, Mauritius and South Africa. In these countries a similar
pattern of results to the relationship between inflation and interest rates as well as exchange
rate was observed, and is shown in Appendix 5.4. Results for the unit root test of residuals of
the inflation—trading partner inflation regression are presented in Table 5.21. The main trading
partner for both Botswana and Mauritius is South Africa, from where these countries import
predominantly foodstuffs. Kenya obtains most of its imports from the United Kingdom, while
Nigeria imports from USA. Ghana imports from Nigeria. For South Africa, the trading partner
was not included in this analysis since it has many trading partners who contribute to its
imports. These tend to change each year, with most imports on average coming from
Germany owing to the import of parts for German cars such as BMW, assemble in South
Africa. In this case world inflation was used to determine if exported inflation has an influence
on South African inflation. Inflation in the USA is used for the South African case as a proxy

for world inflation and the results are the same as the findings involving other variables.
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UNIT ROOT TESTS FOR RESIDUALS-CPI & TRADING PARTNER CPI

Augmented Dickey Fuller Phillips—Perron KPSS

Country A T&C None A T&C None A T&C
Botswana | -13.54* | -13.66* | -13.56* | -14.27* | -14.31* | -14.29* | 0.30*** | 0.14**
Ghana -4.61* -4.73* -4.62* -9.31* -9.56* -9.32* [ 0.29*** | 0.09***
Kenya -7.17* -7.41* -7.19% | -12.40* | -12.46* | -12.42* | 0.48* | 0.14**
Mauritius | -7.86* -7.91* -7.87* | -14.97* | -14.96* | -15.00* | 0.15*** | 0.05***
Nigeria 2,70 | -10.13* | -2.72* -9.51* | -10.78* | -9.53* 1.02 0.23
Critical Values

1% -3.46 -4.00 -2.57 -3.46 -4.00 -2.57 0.74 0.22

5% -2.87 -3.43 -1.94 -2.87 -3.43 -1.94 0.46 0.15

10% -2.57 -3.14 -1.62 -2.57 -3.14 -1.62 0.35 0.12

Unit root test results for the residual series of the inflation and country trading partner’s
inflation regression. The triple asterisk (***) represents situations where the Null is rejected at
10% level of significance, the double asterisk (**) represents where the Null is rejected at 5%
and one asterisk (*) at 1% level of significance. ‘A’ stands for constant, ‘T&C’ trend and
constant and ‘None’ without trend or constant.

Table 5.21: Unit root test results for residuals of inflation and trading partner

inflation

As noted in the methodology chapter, the Engle—Granger 2—step method has been found not

to have enough power to ascertain the existence of a long-term relationship between variables.

The Johansen technique (methodology) is the most used methodology to determine the

existence of a long-term relationship between various series. Before using the Johansen

technique, the appropriate lags for the Vector Autoregressive (VAR) to be used in this test

must be determined.

Lags of up to eight were considered to determine the appropriate VAR, and the AIC in each

case was noted and recorded. The VAR with the lowest value of AIC was then taken to be the

best for the variables under consideration. Table 5.22 below shows the results of this process.

Three lags for Botswana and Ghana are appropriate for the VAR based on the AIC, while five

lags are ideal for Kenya and Mauritius, as presented in the table below.
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Lags 2 3 4 5 6 7 8 9 10
Botswana -8.158 | -8.211* -8.203 -8.170 | -8.181 | -8.168 | -8.168 | -8.144 | -8.120
Ghana -6.298 | -6.301* -6.268 -6.230 | -6.196 | -6.199 | -6.174 | -6.160 | -6.130
Kenya -5.635 -5.622 -5.618 | -5.641* | -5.636 | -5.607 | -5.600 | -5.578 | -5.566
Mauritius -7.052 -7.023 -7.002 | -7.052* | -7.034 | -7.024 | -7.006 | -6.987 | -6.964
Nigeria -5.045 -5.054 -5.062 -5.087 | -5.09* | -5.061 | -5.023 | -4.978 | -4.957
South Africa -8.478 -8.454 -8.438 -8.482 | -8.501 | -8.487 | -8.503 | -8.515* | -8.510
The lags with asterisk (*) are the chosen lag lengths.

Table 5.22: VAR lag choice for a multivariate model with all variables
For Nigeria and South Africa, six and eight lags respectively are appropriate for the VAR using
the AIC, which, however, is not ideal in the case of serial correlation (Feridun and Adebiyi,
2005). Table 5.23 below shows the cointegration results for Botswana, and suggests one

cointegrating relationship between inflation, money supply, exchange rate and imported

inflation at both 5% and 1% significance levels.

Hypothesised Rank (r) | Eigenvalue | Likelihood Ratio | 5% Critical Value | 1% Critical Value
r=0 0.113849 57.27745 47.21 54.46
r<1 0.073763 28.75264 29.68 35.65
r<2 0.042187 10.66921 1541 20.04
r<3 0.002103 0.496853 3.76 6.65

Table 5.23: Likelihood ratio test results for Botswana cointegrating rank
This suggestion is based on the premise that the likelihood ratio is greater than the 5% and 1%
critical values. The Null Hypothesis, that there is at most one cointegrating vector, is rejected,
which means that only one cointegrating relationship exists. The above results are similar to
what obtains in Ghana, Mauritius and Nigeria, where the Johansen test statistics show a
rejection of the Null Hypothesis that states, which there is no cointegrating vector. In Kenya,
though, no cointegrating vector is reported, as noted in Appendix 5.4, while three
cointegrating vectors are noted at 5% significance level in South Africa, as presented in Table

524 below. At 1% level of significance, Table 5.24 suggests only two cointegrating
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relationships between inflation and the other variables since the Null Hypothesis that there are

at most three cointegrating vectors is rejected.

Hypothesised Rank (r) | Eigenvalue | Likelihood Ratio | 5% Critical Value | 1% Critical Value
r=0 0.161557 98.00317 68.52 76.07
r<1 0.106844 57.47522 47.21 54.46
r<2 0.077941 31.48658 29.68 35.65
r<3 0.05204 12.82303 1541 20.04
r<4 0.002307 0.531225 3.76 6.65

Table 5.24: Likelihood ratio test results for South Africa cointegrating rank

The next step is to determine the cointegrating vector which explains the long—term

relationship between inflation and the variables under consideration in each country. This is

found through normalising the inflation component of the cointegrating vector. Table 5.25

shows the coefficients of each variance. In most African countries there is a negative

significant long—term relationship between inflation and the depreciation of the exchange rate,

which is an expected scenario embedded in the economic theory that such depreciation makes

imports, and therefore production cost, expensive in a net importing country.

Inflation Rate | Exchange Rate | Interest Rate | Imported Inflation | Money Supply C
0.4880* X -1.2008* -0.2618*
Botswana 2.5386
(0.1436) (0.1870) (0.0789)
Ghana -0.5096* 0.2095* -0.4093 X 0.8800
(0.0491) (0.0433) (0.0518)
Kenya -1.3049* -0.3320** -3.0651 X 15.6276
(0.5205) (0.1613) (1.8667)
iy 0.0956 -0.0040 -1.1497 -0.0844*
Mauritius 1.2330
(0.2407) (0.0457) (0.4570) (0.3317)
S -4.9269* 7.1681* 43.6009*
Nigeria -203.404
g (0.9447) (1.2474) (8.9959) X
: -0.0892* -0.0715* -3.1657* 0.1740*
South Africa 8.0574
(0.0173) (0.0159) (0.2056) (0.0436)
‘X’ indicates cases where the data was not available, so no test was conducted. A single asterisk (*) on the
results represents situations where the coefficient is significant at 5% level of significance and a double
asterisk (**) represents significance at 10%. Standard errors are in parentheses below the coefficient
estimates.

Table 5.25: Normalised cointegration coefficients for all variable model estimates
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In a net exporter of basic commaodities, the depreciation of the currency encourages exports,
and supply to the local market is reduced, leading to a rise in aggregate demand and
subsequently to an inflation surge. It is important to note, though, that the negative coefficient
presented in Table 5.25 represents appreciation in the currency because measurement here is
the national currency to the US dollar; thus a positive movement is a depreciation of the
currency. The above-mentioned relationship does not, however, appear to hold for Botswana,
where there is a positive relationship between the deprecation of the currency and a rise in the
inflation rate over time. This is not surprising because the currency is anchored equally on both
the South African Rand and the IFM Special Drawing Rights (SDRs). Thus, in the long term, a
depreciation of the South African Rand is met with an appreciation of the Botswana Pula,
since the Rand will be falling against the US dollar which contributes over 40% to the SDRs.
Moreover, Botswana imports from South Africa, so that when the Rand appreciates (Pula
depreciates) and the South African inflation decreases, Botswana buys the goods cheaply,
leading to a decrease in US inflation rate at a time when the currency depreciates. This
situation is further helped by the fact that both countries operate in the Southern African
Customs Union (SACU), a trade-free zone. The indications from these interrelations is
possibly the absence of transmitted costs owing to the absence of major banks in Botswana
which would imply that most importing companies bank in South Africa in Rands or engage in

forward contracting to stay neutral to currency movements.

As for the interest rates, they have a significant long—term negative relationship with inflation
in South Africa and Kenya, while a positive relationship is noted in Ghana and Nigeria. The
negative relative relationship in South Africa is not surprising, given the inflation targeting

regime in the country and the bilateral causality between inflation and the interest rate, which

172 ’W



Bekithemba Mpofu PhD Thesis

suggests the use of monetary policy to regulate inflation movements. Imported inflation also
has a significant negative relationship with inflation in South Africa and Botswana, while in
Nigeria it has a positive relationship. The Botswana case has been explained above, while the
Nigeria scenario is positive and significant, suggesting world inflation neutrality or the belief
that a rise in world inflation would lead to a rise in the inflation rate of a net import ceteris
paribus. The fact that the Nigerian exchange rate was fixed during the greater part of the sample
period possibly explains this positive long—term relationship which is free of the exchange rate

parity relations.

To determine the short-run reactions to the above relations, Table 5.26 below presents the
error-correction coefficients in the Vector Error Correction Model which corresponds with
the above cointegration relationships. This shows the speed of adjustment back to long-term

equilibrium. The results are based on the inflation rate being the explanatory variable.

Vector Error Correction Coefficients and Standard Errors
Inflation Dependent Variables

Imported Money
ECM(-1) | Inflation Rate | Exchange Rate | Interest Rate Inflation Supply
Botswana -0.0067* 0.0218 0.0082* 0.0844*
(0.0027) (0.0194) (0.0025) (0.0285)

Ghana -0.0282* -0.0191 -0.0708** -0.0510*

(0.0073) (0.0159) (0.0323) (0.0138)

Kenya -0.0023 0.0142* 0.0314 0.0013*

(0.0025) (0.0060) (0.0246) (0.0003)
Mauritius 0.0114** 0.0061 0.0317* 0.0093* 0.0206*
(0.0047) (0.0149) (0.1033) (0.0025) (0.0062)

Nigeria -0.0016 0.0077 -0.0258* -0.0004*

(0.0011) (0.0074) (0.0070) (0.0001)

South -0.0252** -0.4596* 0.0879 -0.0049 -0.1114*
Africa (0.0124) (0.1334) (0.1153) (0.0074) (0.0406)
Asterisk (*) represents situations where the coefficient is significant at 5% level of
significance and double asterisk (**) represents significance at 10%. Standard errors are in

parentheses below the coefficient estimates.

Table 5.26: Vector error correction model coefficients and standard errors
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The results presented above show a significant negative error correction term, which indicates

that there is a tendency for these variables to revert back to their long—term relationships.

To determine which variables explain movements in inflation rate in the short run, Table 5.27

below explores the variance decompositions for the above estimated cointegrations relations

which were constructed using a VAR with orthogonal residuals for one, three, six, twelve and

twenty months. According to Sims (1980), Litterman and Weis (1985) and McMillan (2001),

who looked at the relationship between the stock market prices and economic variables

variance decompositions conclude that of the form can directly address the contribution of

these variables in the forecasting of the inflation rate, something that will be further explored

later in this chapter.

Variance Decompositions for Inflation Rate
Series Months | Botswana | Ghana | Kenya | Mauritius | Nigeria | South Africa

1 0.048 0.135 | 0.195 0.059 0.582 1.553

3 0.255 0.332 | 1.282 0.607 1.530 4.394

Exchange Rate 6 0.662 0.653 | 3.314 0.759 2.814 4.719
12 0.784 0.917 | 3.368 0.797 2.883 5.644

24 0.802 0.981 | 3.394 0.798 2.888 5.799

1 0.118 | 0.132 0.485 0.258 1.849

3 0.440 | 0.820 0.874 3.216 2.729

Interest Rates 6 1.471 | 1.259 0.868 3.657 4.240
12 2.270 | 1.419 0.854 3.742 7.458

24 2447 | 1.423 0.853 3.777 7.974

1 0.368 0.226 | 0.138 0.000 0.444 5.070

3 0.314 0.880 | 1.444 0.252 1.607 5.384

Imported Inflation 6 4.408 0.841 | 2.936 0.902 1.932 5.905
12 5.958 0.920 | 3.170 1.389 2415 6.595

24 6.170 0.980 | 3.193 1.415 2.468 6.737

1 1.033 0.176 0.320

3 2.384 0.431 0.648

Money Supply 6 2.544 0.612 1.505
12 2.573 0.616 2471

24 2.575 0.628 2.994

Table 5.27: Variance decompositions for the inflation rate
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The choice of the number of months under consideration here is in the context of the
forecasting range which will be considered later, where the best variable is to be selected and
compared with the univariate cases. The indications are that after one year, money supply
explains about 1.03% of variations in Botswana inflation, constituting the highest figure in this
category. The situation changes after six months when the imported rate explains a substantial
amount (4.4%) of the variations. The possible explanation for this is that imported inflation
effects are lagged, since goods will have to be transported and this could take some time.
These results are also echoed in Mauritius, where the interest rate explains 0.5% of variations
in the inflation rate compared to none for imported inflation. The Mauritius and Botswana
cases above are different, however, from the situation in Ghana, where, surprisingly, imported
inflation explains more of the variations in the movement of inflation in the country after one
and three months. However, these figures are low at less than 1%, and the only substantial
explanatory power is achieved by interest rates after six months, explaining 2.4% of inflation
variations after two years. The role of imported inflation is consistently substantial in
explaining inflation variations in South Africa over the greater part of the periods under
consideration, with figures ranging from 5.1% after one month to 6.7% after two years. In
Nigeria, interest rates explain the greater part of the variations in inflation rate movements
compared to the other variables, except for one month where the exchange rate seemingly

explains more of the variations.

5.6 Causality tests

Since variance decomposition is an exogeneity test it implies that restrictions are placed on

both the current and the lagged shocks of the explanatory variable to determine its effect on
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the dependent variable. While this is important in determining the speed at which the inflation
rate adjusts to changes in the considered variables, there might be need to establish how the
variable’s current and lagged shocks affect inflation; thus a test of causality is carried out. The
causality test helps ascertain if the inflation rate Granger causes any of the economic and
financial variables or the causality flows towards inflation instead. The importance of this
exercise is also to aid forecasting, since a variable that Granger causes inflation would be
having important information about inflation movements, and this complements the variance
decomposition results presented above as well as the findings of the cointegration test. Table
5.28 below presents the results of the causality tests on Botswana using all the variables

considered for cointegration above.

Null Hypothesis: Obs  F-Statistic  Probability
DE does not Granger Cause DC 236 3.64115 0.01350
DC does not Granger Cause DE 0.69339 0.55693
DM does not Granger Cause DC 236 1.04579 0.37307
DC does not Granger Cause DM 1.34475 0.26062
DSA does not Granger Cause DC 236 2.65718 0.04915
DC does not Granger Cause DSA 4.28603 0.00575
DM above represents money supply; DE, exchange rate; DC, the inflation rate; DSA,
South African inflation the main trading partner for Botswana.

Table 5.28: Granger causality test results for Botswana
The above findings show that the exchange rate in Botswana and the South African inflation
rate Granger cause inflation, thus they have useful information about movements in inflation
in Botswana. Interestingly, inflation in Botswana also Granger causes inflation in South Africa,
which is surprising since the latter does not import significant goods from the former. There is

no evidence that money supply has useful information about inflation movements in
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Botswana. Table 5.29 presents the Granger causality results for Ghana; these show no

evidence of the exchange rate having useful information about inflation movements.

Null Hypothesis: Obs  F-Statistic  Probability
DE does not Granger Cause DC 236 1.37890 0.24996
DC does not Granger Cause DE 0.41138 0.74498
DI does not Granger Cause DC 236 2.97433 0.03247
DC does not Granger Cause DI 1.01778 0.38554
DN does not Granger Cause DC 236 2.59673 0.05317
DC does not Granger Cause DN 0.71829 0.54197
DI above represents interest rates; DE, exchange rate; DC, the inflation rate; DN,
Nigerian inflation the main trading partner for Ghana.

Table 5.29: Granger causality test results for Ghana
Interest rates and imported inflation Granger cause inflation in Ghana, with the causality non-

bilateral as it moves only towards inflation. The role of interest rates, exchange rates and
imported inflation on the movement of inflation is also evident in Kenya, as outlined below in
Table 5.30. The F-statistic for the test of causality with a Null Hypothesis that interest rates do
not Granger cause inflation is significant at 5% level of significance, which reflects the

usefulness of interest rates on inflation rate movements.

Null Hypothesis: Obs  F-Statistic  Probability
DE does not Granger Cause DC 234 5.46756 9.1E-05
DC does not Granger Cause DE 2.20213 0.05508
DI does not Granger Cause DC 234 2.90622 0.01456
DC does not Granger Cause DI 0.78065 0.56457
DU does not Granger Cause DC 234 2.38389 0.03930
DC does not Granger Cause DU 1.54314 0.17747
DI above represents interest rates; DE, exchange rate; DC, inflation rate; DU, UK
inflation, the main trading partner for Kenya.

Table 5.30: Granger causality test results for Kenya
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The exchange rate results on the same hypothesis as above show a statistically significant F-
statistic at 1% level of significant, and the reverse Null that inflation has useful information
about movements in exchange rate is significant at 5% LOS, an indication of a bilateral
causality. As in the Ghana case, there is evidence to show that imported inflation has useful
information about movements in the inflation rate. The Ghana and Kenya results are not,

however, reflected in the South African case in this regard.

Null Hypothesis: Obs  F-Statistic  Probability
DI does not Granger Cause DC 230 4.97003 4.5E-06
DC does not Granger Cause DI 2.14207 0.02740
DE does not Granger Cause DC 230 3.94107 0.00012
DC does not Granger Cause DE 0.75845 0.65495
DM does not Granger Cause DC 230 1.44880 0.16904
DC does not Granger Cause DM 0.51063 0.86599
DU does not Granger Cause DC 230 1.53220 0.13817
DC does not Granger Cause DU 0.73305 0.67833
DM above represents money supply; DE, exchange rate; DC, inflation rate; DU,
German inflation, the main trading partner for South Africa.

Table 5.31: Granger causality test results for South Africa
The results of the causality test in South Africa are shown in Table 5.31 above, and the role of
imported inflation can only be confirmed at 14% LOS, which is outside the standard
significance levels of 1, 5 and 10%. Bilateral causality existed between interest rates and
inflation in South Africa during the 20 years covered by this study. This is not surprising
because South Africa practises inflation targeting and uses the interest rates to regulate
inflation movements, which is a monetarist approach, as indicated in the previous chapter.
Also seen in the results is the influence of inflation targeting on movements in the rate, owing
to the usefulness of the exchange rate. South Africa manages the exchange rate to boost

exports, and such a strategy makes imports expensive. Goods that depend on imported raw
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materials then suffer, as the cost of production soars. This is further compounded by the fact

that the country imports fuel.

Tables 5.32 and Table 5.33 show the results of the Granger causality test for Mauritius and
Nigeria respectively. In both cases, there is no evidence of any of the variables, including

imported inflation, having useful information about movements in the inflation rate.

Null Hypothesis: Obs | F-Statistic | Probability
DE does not Granger Cause DC 234 0.64202 0.66786
DC does not Granger Cause DE 0.56517 0.72665
DI does not Granger Cause DC 234 0.62379 0.68179
DC does not Granger Cause DI 0.41276 0.83965
DM does not Granger Cause DC 234 1.43549 0.21247
DC does not Granger Cause DM 0.28171 0.92283
DS does not Granger Cause DC 234 1.50337 0.18976
DC does not Granger Cause DS 0.18815 0.96687
DM above represents money supply; DE, exchange rate; DC, inflation rate; DI, interest
rates and DS, South Africa inflation, the main trading partner for Mauritius.

Table 5.32: Granger causality test results for Mauritius
In the case of Mauritius, only imported inflation has the closest F-statistics to statistical
significance using standard levels of significance, and the F-statistic is significant at 19% LOS.
Money supply, which Granger causes inflation at 22% LOS, is the other notable figure in
Table 5.32. The findings in Nigeria also do not show meaningful results as presented in Table
5.33, where the exchange rate is significant at only 16% LOS, which is outside the standard
acceptable levels of significance. The Nigerian results are not surprising, especially since the
interest rates and the exchange rate were predominantly fixed during the period under

consideration.
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Null Hypothesis: Obs | F-Statistic | Probability
DE does not Granger Cause DC 180 0.79141 0.57784
DC does not Granger Cause DE 0.72089 0.63331
DI does not Granger Cause DC 180 1.59088 0.15267
DC does not Granger Cause DI 1.42494 0.20780
DU does not Granger Cause DC 180 1.05987 0.38881
DC does not Granger Cause DU 0.46342 0.83465
DE above represents exchange rate; DC, inflation rate; DI, interest rates and DS,
United States inflation, the main trading partner for Nigeria.

Table 5.33: Granger causality test results for Nigeria
In summary, for most African countries interest rates and exchange rate, where they have not
been fixed, have contained useful information about movements in the inflation rate, and thus

can be used as effective tools to forecast and regulate inflation movements.

5.7 Further error correction models

Having looked at the role of each variable in the movements of the inflation rate, this section
will now produce models that could be used to forecast inflation in these African countries.
Earlier, the VECM were produced, which assisted in checking the speed of adjustment to
long—term equilibrium. Now models made up of significant lags of the dependent variables are
produced to determine if bivariate and multivariate innovations forecast inflation better than
the univariate cases considered above. To achieve this, the autoregressive distributed lag
(ADL) model approach was used with the best model arrived at after omitting lags which are
insignificant between one and twelve. To determine the insignificant lags, those with t-statistic
outside the standard levels of significance are discarded until the lowest AIC is achieved or
until all values are within 5% probability level, whichever comes first. Three types of ADL

models were considered, the first involving inflation as the dependent variable with lags of
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either exchange rate, interest rates, money supply or trading partner as the independent
variables. The second model type involved making the lags of the above—mentioned variables
and that of inflation in the same model; and the final ADL-type model had lags of significant
variables and inflation after discarding the insignificant ones. For the multivariate case,
hereafter referred to as the third ADL-type model, a test for multicolinearity had to be
performed before deriving the models, since the assumption using the OLS estimation is that
the variables should not be correlated with each other. According to Brooks (2002), if no
relationship among variables exits, then there is an orthogonal case where adding or removing
a variable from the regression equation would not cause values of the coefficient of the other
variable to change. Table 5.34 below presents the correlation matrix for Botswana multivariate
model variables. There is no evidence of multicollinearity, as all the correlation coefficients are

close to zero.

Inflation | Exchange Rate | Money Supply | Trading Partner
Inflation 1.00000 -0.04917 -0.06675 0.22319
Exchange Rate -0.04917 1.00000 0.05134 -0.03858
Money Supply -0.06675 0.05134 1.00000 0.06262
Trading Partner 0.22319 -0.03858 0.06262 1.00000

Table 5.34: Multicollinearity test results for Botswana
Appendix 5.5 presents the rest of the multicollinearity test results. The results show that in
most African countries inflation and interest rates moved positively in the same direction.
There is no consensus on the movement of the exchange rate and inflation as both weakening

and strengthening of African currencies was met with mixed movements in the inflation rate.

After obtaining the appropriate ADL models as noted above, the next step is to produce error
correction models (ECM) based on the residuals obtained earlier on for the Engle-Granger 2—

Step cointegation method. Since all cases where inflation was paired with other variables
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exhibited stationary residuals, these residuals are then considered when determining the ECM.
This involves adding a lagged value of the residuals to the ADL equation obtained as outlined
above. The use of the ECM in this case is to ensure that the short—run behaviour of the
cointegrated series is linked to its long—run observations to ensure sound forecasting results
from the models. Appendix 5.5 presents all the final ECM equations for each country using
different variables. Equation 5.19 below highlights the ECM equation for the multivariate

Mauritius case.

dc, =0.00237+0.27dc, , —0.14dc, . +0.12dc, , +0.11dc, ,, —0.15dc, ,, —0.17dc,_,,
(217) (4.19) (-2.07) (1.80) (1.66) (-2.47) (-2.77)
+0.03de, ,, +0.01di, . +0.09dm, ,, +0.16ds,, +0.14ds, ;, +0.03¢, , 5.19
(1.52) (1.81) (1.73) (1.57)  (1.45) (0.38)

Where dcrepresents the inflation rate, dethe exchange rate, dm money supply, dsimported

inflation, t time and e error correction term. The equation is interpreted as follows:

> If there was a 1% increase in the inflation rate two, seven and ten periods ago, there will be
a 0.27%, 0.12% and 0.11% increase in the current inflation rate respectively.

> If there was a 1% increase in the inflation rate five and eleven periods ago, there will be a
0.14% and 0.15% decrease in the current inflation rate respectively.

> If there was a 1% increase in the exchange rate ten periods ago, there will be a 0.03%
increase on the current inflation rate and an increase of 0.01%, 0.09%, 0.16%, and 0.14%
would be realised if interest rates, money supply and South African inflation increased five,
eleven, one, and eight periods ago respectively.

R-squared for this model is 0.2419, which means the independent variables of this model

explain 24.19% of inflation movements, and since the F-statistic is 5.37, this model is

significant. Money supply eight months ago is the less statistically significant of all the variables
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on the model with the least t-statistic of 1.45 and a level of significance of 14.94%, while
interest rate five periods ago is the most significant independent variable after inflation lags,

with a probability of 0.07.

Having obtained the above ECM, the next step is to carry out diagnostic tests to check if the

models pass the normality test. The diagnostic tests are contained in Appendix 5.6.

5.8 Multivariate forecasting results

The forecasting approach in this section will be the same as that presented earlier, when
univariate forecasting was considered. Out-of-sample and in-sample forecast results will be
presented for one, three, six and twelve month periods. In Appendix 5.7, the results of the
various models considered above are presented for one-month out-of-sample and in-sample
forecasts. Table 5.35 below shows the forecast results for Nigeria for one month. Current
interest rates seem to be a better predictor of inflation using both the RMSE and MAPE
forecast criteria out—-of—-sample and in—sample. The performance of each model is shown with
the results with asterisks being the best for each forecast measure for either out-of-sample or
in—sample. These show that imported inflation innovations outperform the rest of the other

models for out—of-sample forecasting in Nigeria.
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NIGERIA FORECASTING RESULTS
Forecast

Type of forecast Period Model RMSE MAPE
Exchange Rate 0.002127 | 14.11763

Exchange Rate & Inflation | 0.015436 | 102.4578

One Interest Rates 0.017933 119.033

O“Eﬂ;ﬁigp'e Month | Interest Rate & Inflation 0.009005 | 59.77275
Ahead | Trade Partner Inflation 0.000344* | 2.286313*

Trade Partner & Inflation 0.016712 | 110.9261

Multivariate 0.01311 87.01657

Exchange Rate 0.001832 | 36.55831

Exchange Rate & Inflation | 0.002049 | 40.90064

Interest Rates 0.002384 | 47.57266

In—Sample Forecasts Mcc))rr]ﬁh Interest Rate & Inflation 0.005737 | 114.5027
Trade Partner Inflation 0.000138* | 2.750716*

Trade Partner & Inflation 0.000575 | 11.47339

Multivariate 0.005526 | 110.2754

The results with asterisks (*) are the best for each forecast measure.

Table 5.35: One month forecasting results for Nigeria inflation multivariate models

Appendix 5.7 presents the rest of the other African countries’ one—month forecasting results

for in-sample and out-of-sample. The results show that interest rates have better forecasting

power than other variables in Ghana and Kenya out-of-sample, thus the notion that interest

rates are better predictors of inflation is confirmed. In-sample forecasting has mixed results,

although imported inflation in South Africa is mostly similar to the Nigerian case.

For over—one-month forecasts, the story is somewhat different, as indicated in Appendix 5.8

and summarised in Table 5.36 below. For three months out-of-sample forecasting, no variable

is outstanding in all the countries, though interest rates are key to predicting inflation in Kenya

and Ghana. The three months results, however, are inconsistent with the short-term results
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presented above for Ghana and Nigeria, where the exchange rate and imported inflation

respectively are prominent.

Multivariate Forecasting Summary

Out-of- Botswana | Ghana | Kenya | Mauritius | Nigeria | South Africa

Sample
3 Months MS INT INT Multi EXC EXC &CPI
6 Months TP&CPI EXC INT INT&CPI | TP&CPI EXC
12 Months TP&CPI EXC INT TP&CPI | TP&CPI EXC
In-Sample
3 Months Multi Multi | TP&CPI INT Multi TP&CPI
6 Months EXC&CPI | Multi | TP&CPI [ INT&CPI INT MS
12 Months EXC EXC Multi Multi INT INT&CPI
MS above represents money supply; INT, interest rates; EXC, the exchange rate; CPI, the
inflation rate; TP, the country’s main trading partner inflation; ‘Multi’ represents cases where the
multivariate equation of all the variables are best.

Table 5.36: Multivariate forecasting results summary
Beyond three months, innovations that include an autoregressive component of the inflation
rate are better forecasters of medium to long-term inflation out—of-sample in Africa. The
importance of imported inflation is key in Nigeria and Botswana, where movement of inflation
in South Africa is a good out-of-sample predictor of inflation six and twelve months ahead.
This is not surprising, since Botswana imports most of its foodstuffs as well as fuels from
South Africa. These products contribute a weight of over 25% in the calculation of inflation in
Botswana and over 30% in driving South African inflation. The same can be said of Mauritius,
where food inflation contributes over 30% to the total inflation rate figure. Mauritius, also
imports some foodstuffs from South Africa, but owing to the distance between the countries

movement of inflation in South Africa only forecasts Mauritius inflation twelve months ahead.
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Another interesting result from the above table is the dominance of the interest rate in
forecasting inflation in Kenya for out-of-sample and Nigeria in-sample. This observation is
important for policymaking in that monetary policy can then be tailored to control or target
inflation in the short or long term. The exchange rate is also prominent for out—of-sample
forecasting of South African inflation, a finding which is consistent with the causality test,
which showed that the exchange rate in the country Granger causes the inflation rate. The role
of the exchange rate could be attributed to the fact that South Africa imports fuel and parts to
manufacture vehicles. These components contribute a high percentage to overall inflation as
reflected by transport and fuel inflation. The assertion of the effects of exchange rate on
inflation in South Africa is further supported by the importance of world inflation on three
months in—sample forecasting an indication that oil price movements do influence prices. In
other countries, the in-sample forecast results show the dominance of multivariate innovations
as favourable forecasting tools in Africa. Just as in the out—of—sample case, the role of money
supply in predicting inflation in Africa is not prominent, a result consistent with the causality

tests discussed.

5.9 Conclusion

The journey to determining what would be the better tools to forecast inflation in Africa has
taken this research from univariate forms of forecasting; to cointegration meant to ascertain
the relationship between variables and inflation; vector error correction models whose
coefficients helped to determine the speed of adjustment of each variable to long—term
association; Granger causality which looked at the direction of causality as a way to establish if

movements in a variable have useful information about inflation in Africa; variance
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decomposition; and finally multivariate forecasting for different periods in and out of sample.
The conclusions, drawn from these different techniques, have enabled an understanding of
inflation forecasting in Africa. In particular, it has been shown that bivariate and multivariate
forecasting models are better predictors of inflation in Africa, and innovations that include
past values of the inflation rate seem to improve the forecast results in the short, medium and
long term, as well as in and out of sample. A summary of the forecast results is given in Table
5.36. Using causality tests, there is enough evidence to show that imported inflation has useful
information about changes in the inflation rate. This is not surprising because African
economies are young and therefore depend on imports to aid production. Moreover, most of
the countries considered import fuel, leaving most of them at the mercy of oil price
movements. This assertion is further supported by the findings that demonstrate that the
exchange rate has useful information about changes in the inflation rate. Another interesting
result is the lack of evidence to show that money supply has useful information about the
inflation movements in all the African countries; this is possibly a result of tight monetary
policy restrictions, in particular relating to money supply. These causality results point to the
fact that most African countries would find it difficult to control inflation when there is a rise
in the inflation rate in the rest of the world. However, since causality with the interest rate was
established, monetary policy could be useful in regulating and ensuring inflation levels do not

go out of control.

The cointegration results in this chapter show that for all the countries there is at least one
cointegrating relationship between the inflation rate and the variables considered in each

country. Apart from the Botswana case, there is evidence for a negative significant long—term
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relationship between inflation and innovations in the exchange rate in Africa. This indication is
rooted in the economic theory that an appreciation of a country’s exchange rate makes imports
cheaper and for Africa, which imports oil, production costs are reduced as most industries are
still fuel driven. The surprise finding in relation to the exchange rate effect is the negative
relationship between imported inflation and changes in the inflation rate in the long run in
most African countries except Nigeria. The expectation, using the above argument, would
have been that a fall in world inflation would lead to a depreciation of the exchange rate, thus
making local production costs cheaper since imports would be cheap and the actual good
prices would have gone down. The unexpected results could be a sign of policy measures to
counter the effects of imported inflation, especially for South Africa, which practises inflation
targeting, and Botswana with its quasi-inflation targeting policy. The long—term relationship
between inflation and interest rates is a mixed bag in Africa, with an unsurprisingly positive
relationship in Nigeria and Ghana, where the rate was fixed for the greater part of the research
period. The negative relationship between inflation and interest rate is a product of the theory
that inflation affects spending and saving decisions, asset prices and cash flow, all of which

result in an opposite relationship.

The VECM results presented in this chapter indicate that innovations in imported inflation
and interest rates have the tendency to revert back to a long-run equilibrium in their
relationship with the local inflation rate. The influence of imported inflation and interest rates
shocks is further reflected by the variance decompositions, which show that innovations in
these variables explain a substantial amount of variations in the movement of inflation in

Africa. Using the variance decomposition technique, however, shows that the role of the
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exchange rate as a better explanatory power is limited in Africa, with the variable more useful
after one month in Kenya and Nigeria. The forecast results are mixed, however, when
compared to the variance decomposition findings, owing to the use of a various forecast result
measures. In general, though, bivariate and multivariate models tended to have better
prediction power than univariate ones in Africa for both short— and long—term, in-sample as
well as out of sample, save for short horizon in-sample forecasting in South Africa, where the
ARIMA models are more useful and the medium—term out—of-sample forecast for Mauritius,

where the GARCH models were more powerful.

Finally, it is important to note that the above information would be useful for policymakers, as
variables with useful information about movements in the inflation rate or they are good
predictors which could be exploited to regulate inflation changes. As noted above, information
about the changes in world inflation and interest rates are useful in Africa; hence forecasting
inflation in the continent needs to embrace this finding. In addition, the exchange rate is an
important variable that needs consideration when forecasting inflation in South Africa as it
Granger causes inflation and has also a long—term relationship with inflation rate. Exchange
rate innovations tend to revert to the long—run relationship with the inflation rate, thus they
have better out-of-sample forecasting power compared to other variables in both the short and

medium-term.
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CHAPTER SIX

THE RELATIONSHIP BETWEEN INFLATION AND
STOCK MARKET RETURNS IN AFRICA

6.0 Introduction

The relationship between inflation and stock market returns is still an open subject in the area
of empirical finance, especially in the context of stock price reaction to inflation movements.
Though research on this relationship has been intensifying in most countries, especially the
United States of America, since the 1970s, the relationship has not, however, been explored in
Africa in similar depth; this chapter endeavours to achieve this. In this chapter a range of
econometric techniques are used to ascertain the nature of the relationship and what could
influence the end results. The analysis in this chapter will also present a brief discussion of the
descriptive statistics of stock markets in Sub-Saharan Africa. Since inflation has been discussed
in depth in previous chapters, this chapter will focus more on the existence, nature and form

of the relationship between stock returns and inflation in the continent.

Two cointegration approaches are adopted in analysing the long—term relationship between
stock returns and inflation: the Engle-Granger 2—step method and the Johansen technique.
The Engle-Granger method looks at the stationarity of the residual series taken from a
regression of current values of each variable over time, while the Johansen technique
establishes a long—run relationship by using a vector autoregressive system which incorporates
lagged values of a variable. A test for structural breaks in the series will also be performed to

establish if the nature of the relationship could have been influenced by any structural breaks

191 ~=



Bekithemba Mpofu PhD Thesis

or regimes. After looking at the effects of structural breaks the thesis will then consider if the
relationship is influenced by the state of economic activity. The final part of this analysis will
involve establishing the significance of the existence of a relationship between unexpected
inflation and month—end stock market returns. The existence of such a relationship raises
concerns about the use of month—end stock market data because it demonstrates that month—
end data would not have accounted for all the inflation innovations. The absence of a
relationship between unexpected inflation and month—end stock market returns infers that
inflation expectations would have been incorporated in the stock market price innovations;
hence, in such a case, month—end data analysis provides a statistically credible picture about

stock—inflation relations.

This chapter is organised as follows: Section 6.1 shows the data as well as the descriptive
statistics. Section 6.2 presents the empirical evidence in the ascertainment of the nature of the
relationship between stock market prices and inflation. The chapter summary is in Section 6.3,

before the conclusions in Section 6.4.

6.1 Data and unit root tests

Empirical work in this chapter uses data from seven African equity markets which were
established before 1992. The cut—off year whose justification is contained in Chapter One,
relates to the age of the stock markets and availability of long—term data to ensure credible
results. Stock market data was obtained from DataStream or Bloomberg, depending on which
source provided the longest time series data. Table 6.1 below shows the sources of data for

each country as well as the start date in each case; all the series end in January 2007.
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Country Source of Data | Data start date | Number of Months
Botswana DataStream December 1995 134
Ghana Bloomberg November 1990 183
Kenya DataStream January 1990 193
Mauritius DataStream July 1989 134
Nigeria DataStream July 1991 187
South Africa | DataStream February 1987 240
Zimbabwe | DataStream February 1987 240

Table 6.1: Sources of data for each country and number of observations
Stock market data for Nigeria in DataStream is over twenty years, and the analysis could have
been started in February 1987. However, the available inflation times series data stretches to
only July 1991, explaining the length of the stock market data. All the data provided here is in
local currency to ensure movements reflect stock market forces rather than currency
depreciation or appreciation. The Zimbabwe series is industrials rather than all share index,
since the stock market produces mining and industrial stock market data separately with no
combined series during the sample period. Creating a combined index out of the separate
indexes would need capitalisation data for each company as well as index calculation rules,
which exercise is not within the scope or interest of this study. The stock market indexes for
the rest of the countries are capitalisation-weighted; thus the effect of major companies’
movements is more easily transferred to that of the index than if it were equally weighted.
While capitalisation-weighted indexes are used in most major indexes, like the FTSE and
NASDAQ, the challenge with its use in most African indexes is that there are fewer counters

in most of the stock exchanges. The effect of these few counters is to compound the bias
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caused by large corporations, especially under capitalisation-weighted indexes. Despite this
disadvantage of using capitalised weighted indexes in Africa, an equally-weighted index
approach would also lead to a bias towards small index firms, some of which are capitalised at

less than 10% of large corporations.

Table 6.2 below presents descriptive data for monthly nominal stock returns in each of the
Sub-Saharan countries under consideration. In nominal terms, monthly stock returns were
positive on average during the period under consideration. The highest nominal monthly
average returns at 6% were obtained in Zimbabwe during this period, and the lowest were in
Kenya and Mauritius at 1%. The maximum return of 89% in Zimbabwe occurred in January
2006, possibly responding to the government’s decision not to increase interest rates for the
first time in eight months before this date. This explanation is supported by the evidence that
when interest rates were then increased the next month, stocks fell by 18%. The increase in

this case fell short of investor expectations.

Country Mean | Median | Max. | Min. |Std. Dev. |Skewness [Kurtosis | JB

Botswana 0.023 0.016 | 0.364 | -0.101 0.052 2455 | 16.194 | 1098
Ghana 0.024 | 0.007 | 0412 | -0.212 0.073 1680 | 10.120 | 473
Kenya 0.010 | 0.001 | 0.413 | -0.207 0.070 1559 | 10.049 | 475
Mauritius 0.010 | 0.009 | 0.163 | -0.206 0.045 -0.127 7.414 108
Nigeria 0.025 0.020 | 0.274 | -0.249 0.063 0.289 5.998 72
South Africa | 0.011 0.014 | 0.172 | -0.297 0.064 -0.958 6.278 144
Zimbabwe 0.060 | 0.039 | 0.890 | -0.644 0.180 1.457 9.808 546

Table 6.2: Monthly nominal stock returns descriptive statistics
Moreover, when the monthly increase in interest rates fell from 36% to 2.5% stock returns

rose from 18.9% on average to 86.4% within three months prior to January 2006. The
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minimum of -64.4% is also linked to a jump in interest rates, showing the sensitivity of the

stock market returns to interest rate movements in Zimbabwe.

South Africa and Mauritius skewness is negative. Skewness measures the asymmetry of the
distribution of the series around its mean. This suggests that the outliners are below the mean
of the monthly returns, which is different from the rest of the countries, where the outliners
are above the mean, since the skewness is positive. In general, a positive value for skewness
shows that the distribution has a long right tail, while the negative skewness implies a long left

tail on the distribution.

Std.

Country Mean | Median | Max. | Min. Dev. |Skewness |Kurtosis | JB

Botswana 0.2742 | 0.2548 | 0.7642 | -0.1576 | 0.2250 0.2874 2.5297 3
Ghana 0.285 0.148 | 1.385 | -0.413 0.414 0.809 2.965 20
Kenya 0.106 0.070 | 1.416 | -0.448 0.361 1.020 3.935 38
Mauritius 0.110 0.144 | 0429 | -0.364 0.158 -0.494 2.887 5
Nigeria 0.298 0311 | 1.146 | -0.477 0.330 0.030 3.200 0
South Africa | 0.131 0.168 | 0.652 | -0.476 0.218 -0.423 2.787 7
Zimbabwe 0.643 0492 | 4215| -0.950 0.903 1.304 5391 | 119

Table 6.3: Annual nominal stock returns descriptive statistics
If annual returns are considered, the nature of the results is fundamentally similar, as shown in
Table 6.3. The main difference between the monthly and the annual returns is that the kurtosis
for most countries except Zimbabwe are close to 3, showing evidence of a normal distribution
in the annual returns for these countries. Kurtosis is a measure of a series distribution’s flatness
and, as noted in Chapter 5, the kurtosis of the normal distribution is 3. Hence, if it exceeds 3,
the distribution is peaked (leptokurtic) relative to the normal, and if the kurtosis is less than 3,

then the distribution is flat (platykurtic) relative to the normal.
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Another normality test is the Jarque-Bera (JB), which tests whether a series is normally
distributed using a test statistic which measures the difference of the skewness and kurtosis of
a particular series, comparing these with those of a normal distribution. According to Eviews
(2004), under the null hypothesis of a normal distribution, the JB statistic is distributed with
two degrees of freedom. Thus the reported probability is the probability that a Jarque-Bera
statistic exceeds (in absolute value) the observed value under the null hypothesis. A small
probability value, therefore, leads to the rejection of the null hypothesis of a normal
distribution. Using the Jarque-Bera statistic results shown in Table 6.3, the normality of the
residuals of the distributions is rejected at the 5% level (critical value 5.99) except for
Botswana, Mauritius and Nigeria. South Africa stock return residual can only be considered to
follow a normal distribution at the 10% level since the JB statistic is below the 9.21 critical

value.

Considering nominal returns as a measure of investment return can be misleading in the face
of high inflation, and hence the need to consider the real stock returns to ascertain if investor
income is not eroded by inflation. Real returns are calculated by subtracting inflation from the
nominal rate of return as provided in Equation 6.1 below:

=R, —m, 6.1
Where r,represents the real rate of stock return, R,is the nominal stock return rate and =, is

the inflation rate. Tables 6.4 and 6.5 below present the monthly and the annual real return

figures respectively for each country.
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Country Mean |Median | Max. | Min. | Std. Dev. |Skewness | Kurtosis | JB
Botswana 0.016 0.008 | 0.343 | -0.107 0.052 2.265 | 14.766 881

Ghana 0.007 | -0.004 | 0.391 | -0.238 0.072 1.408 8.774 315
Kenya -0.001 | -0.010 | 0413 | -0.197 0.069 1.579 10.232 498
Mauritius 0.005 0.004 | 0.114 | -0.086 0.033 0.276 3471 3
Nigeria 0.007 0.000 | 0.291 | -0.221 0.061 0.744 6.250 99

South Africa | 0.003 0.011 | 0.100 | -0.312 0.052 -1.530 8.998 452

Zimbabwe 0.006 0.012 | 0.719 | -0.750 0.168 0.369 8.649 323
Table 6.4: Monthly real stock returns descriptive statistics

Kenya, whose nominal monthly returns were 1%, experienced negative average real returns of
0.1% between 1990 and 2007. This evidence is a major worry for investors in the country,
since they endeavour to get above—inflation returns to guard against the erosion of their
principal capital. If the results in the country showed a negative skewness, then this negative
result would have been attributed to negative outliners. However, skewness is positive,
suggesting that the results would have been more negative had it not been for the positive
outliners. The rest of the countries show evidence of positive real monthly returns, with

Botswana’s real stock returns at 1.6% between 1995 and 2007.

Country Mean | Median | Max. | Min. | Std. Dev. Skewness | Kurtosis | JB

Botswana 0.195 0.167 | 0.683 | -0.273 0.230 0.271 2.567 2
Ghana 0.078 | -0.057 | 1.204 | -0.551 0.434 0.870 2.955 23
Kenya -0.014 | -0.084 | 0.982 | -0.457 0.309 1.074 3.539 37
Mauritius 0.053 0.087 | 0.366 | -0.435 0.160 -0.570 2.819 7
Nigeria 0.089 0.099 | 0.666 | -0.554 0.289 -0.050 2.354 3
South Africa | 0.050 0.085 | 0.630 | -0.573 0.230 -0.400 2.819 6
Zimbabwe 0.043 0.165 | 1.797 | -1.556 0.600 -0.299 3.146 4

Table 6.5: Annual real stock returns descriptive statistics
The South Africa returns remain negatively skewed after accounting for inflation, while
Mauritius shows that the outliers of the real returns are above the mean. Negative skewness in
a data set that reflects a positive mean and median is welcome in this context because it

presents evidence of a higher real return, which is an investor’s delight. The median for Ghana
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and Kenya for both the monthly and annual real returns show that more than half of the real
returns in these countries for the periods under consideration are negative. The negative
skewness of the annual real stock returns in Mauritius, Nigeria and Zimbabwe shows a
different picture to what was shown by the monthly real returns, which were positive. This
could present a worry for medium—term stock market investors in these countries and

encourage short—term stock investment.

6.1.1 Unit root tests

Before empirical work can be undertaken it necessary to ascertain if the series are stationary,
and the reasons for unit root testing were highlighted in the methodology chapter. In this
section, three tests are conducted along the same lines as in the previous chapters, and the
decision in ascertaining whether a series has a unit root or is non-stationary will not be

changed in this section.

Augmented Dickey
Fuller Phillips—Perron KPSS

Country Constant | Trend & C | Constant | Trend & C | Constant | Trend & C
Botswana -0.95 -2.09 -0.88 -1.94 1.38 0.26
Ghana -1.18 -1.96 -1.19 -2.07 1.63 0.10
Kenya -1.89 -2.00 -1.32 -1.41 0.33 0.20
Mauritius 1.67 -0.08 1.53 -0.08 1.10 0.28
Nigeria -1.00 -1.96 -1.07 -1.85 1.54 0.20
South Africa 0.37 -2.37 0.30 -2.68 1.98 0.12
Zimbabwe 411 3.32 5.67 3.81 1.74 0.39
Critical Values

1% -3.46 -4.00 -3.46 -4.00 0.74 0.22

5% -2.87 -3.43 -2.87 -3.43 0.46 0.15

10% -2.57 -3.14 -2.57 -3.14 0.35 0.12

Table 6.6: Stock index unit root tests at the level
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Table 6.6 presents the results of unit root and stationarity tests conducted on the logged values
of the index. These results show that all the indexes were found to have a unit root. These unit
root test results, however, are not in harmony with the stationarity test which confirm
stationarity for South Africa and Ghana at the 5% level for the KPSS test with trend and
constant. Using the stationarity KPSS test with only a constantc the results confirm stationary
at all significance levels for Kenyan data, which is surprising seeing that Figure 6.1, which
represents the series, does not look mean reverting at all. However, the same test with constant
and trend shows the series as non-stationary at the 5% level. The conflicts could also be a
reflection of the structural breaks in the data, given that the diagram in Figure 6.1 exhibits two

clear break points: one is just before 1994 and the other is in 2002.

LR B NS N UL BRLLES N RN UL BAALLES NS BN R SRR S BN
1992 1994 1996 1998 2000 2002 2004 2006

| — Logged Kenya Stock index |

Figure 6.1: Line chart showing logged values of the Kenyan stock prices

The KPSS test with trend and constant which also show stationarity for the South Africa and
Ghana series is not consistent with the visual presentation of the series for both countries, as
these do not exhibit mean reversion. Given the graph presentations and the decision rule,
which confirm unit root within a series if there is no conflict between the ADF and Phillip—

Perron test results, all series are taken to be non-stationary.
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Augmented Dickey
Fuller Phillips—Perron KPSS

Country Constant None Constant None Constant
Botswana -8.82 -7.75 -8.82 -7.95 0.10
Ghana -9.26 -4.43 -9.44 -9.04 0.09
Kenya -3.78 -3.63 -9.91 -9.73 0.21
Mauritius -10.04 -9.66 -10.05 -9.67 0.46
Nigeria -10.02 -6.18 -10.11 -9.33 0.13
South Africa -14.83 -14.45 -14.85 | -14.50 0.11
Zimbabwe =277 -0.45 -12.76 | -12.31 1.01
Zimbabwe (dd) -8.15 -8.12 -80.05 | -77.17 0.15
Critical Values

1% -3.46 -4.00 -3.46 -4.00 0.74

5% -2.87 -3.43 -2.87 -3.43 0.46

10% -2.57 -3.14 -2.57 -3.14 0.35

Table 6.7: Stock index unit root tests at the first difference
The unit root test for the first difference of the stock index in most of the countries shows
evidence of stationarity and the rejection of the hypothesis for the existence of a unit root in
the series. These results combine with those in Table 6.7 to confirm the stock prices index
series in these countries as I(1), and their monthly stock returns when differenced are thus
stationary. The Zimbabwe case reflects contradictory results combined with other African
countries’ first difference series in that ADF and KPSS tests show evidence of non—stationarity
and existence of a unit root at the 5% level, while the Phillips—Perron test does not reject the
hypothesis for the presence of a unit root. Figure 6.2 below is the diagrammatic presentation
of the first difference of the Zimbabwe stock market series and it clearly reflects the existence

of a structural shift around 2000, prior to which the series is mean reverting.
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Figure 6.2: Line chart showing first difference of the Zimbabwe stock series

The second difference of the Zimbabwe stock index series, however, is stationary using all the
tests as shown in Table 6.7, where the results are represented as Zimbabwe (dd); thus the index

is considered to be integrated to the second level, i.e. 1(2).

The annual stock returns unit root tests for South Africa and Ghana show the existence of a
unit root in the series at the 5% level using the ADF test as well as the Phillips—Perron test for
South Africa. The KPSS stationarity test shows that most of the series are stationary except for
Zimbabwe, while the Kenya and Mauritius series do not reject stationarity at 5% level but at

the 1% level instead.

Augmented Dickey
Fuller Phillips—Perron KPSS

Country Constant | Trend & C | Constant | Trend & C | Constant | Trend & C
Botswana -2.01 -1.65 -2.58 -2.172 0.27** 0.09**
Ghana -2.97** -3.06 -2.78 -2.82 0.07** 0.06**
Kenya -1.76 -1.72 -241 -2.39 0.22** 0.21*
Mauritius -1.15 -1.97 -1.95 -2.30 0.42** 0.18*
Nigeria -2.33 -2.40 -2.53 -2.57 0.18** 0.09**
South Africa | -2.99** -3.08 -3.91* -3.89** 0.15** 0.06**
Zimbabwe 0.22 -1.07 -1.29 -2.29 0.87 0.24

A single asterisk denotes significance at the 1% level and a double asterisk is 5% level of
significance

Table 6.8: Annual stock returns unit root tests at the levels

—_—
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These results mean that annual stock returns in South Africa could be considered a 1(0) in this
case, though Figure 6.3 below, which is the diagrammatic represents of the annual stock
returns series, does not show convincing evidence of mean reversion. For this reason this will
be excluded from empirical investigations using the cointegration method, since it will not be a
suitable candidate for cointegrating with the inflation series which is a 1(1) series (Ely and

Robinson, 1997).

-6

-4

2

-O

.2

-.4a ]

-.6

| —— South Africa Annual Stocks Returns |

Figure 6.3: Line chart showing South African annual stock returns

These findings are puzzling in that stock returns (monthly or annual) are expected to be
stationary. However, these results could reflect the existence of bubbles and structural breaks

in these markets or they may reflect the effects of macroeconomic variables, possibly inflation.

6.2 Empirical evidence

To determine the long-run relationship between inflation and stocks this research will
primarily employ the two cointegration approaches contained in the methodology chapter: the
Engle—Granger 2-Step cointegration method and the Johansen Technique. For cointegration
to be established there is need to ascertain if the stock and inflation series are integrated to the

same level. Three relationships will be explored here: the relationship between the stock
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market index and consumer price index; then stock market index and annual inflation rate; and
annual stock returns and annual inflation rate in countries where the annual stock returns were
not stationary. The last relationship is controversial, however, since stock returns are normally
expected to be stationary. The relationship between stock market prices and annual inflation
rate will help ascertain if stock markets in Africa react to the annual inflation rate instead of

monthly inflation announcements, since the former is given more prominence in press

headlines.
Country Augmented Dickey Fuller | Phillips—Perron
Botswana -1.97* -1.89**
Ghana -2.97* -2.12*
Kenya -1.88** -1.25
Mauritius -0.48 -0.64
Nigeria -2.33* -2.05*
South Africa -1.33 -1.66**
Zimbabwe -2.50* -2.55*
A single asterisk denotes significance at the 5% level and a double
asterisk is 10% level of significance

Table 6.9: Unit root tests for residuals of monthly stock returns and inflation
Table 6.9 above shows the results of the unit root tests performed on the residuals of the
regression between stocks and inflation regression. The results for Zimbabwe, contained in
Table 6.9, relate to the changes in movement of both the return series rather than the actual
movements of the original data, since stock and consumer price indexes are 1(2). Thus, for the
Zimbabwe case, the findings in Table 6.9 relate to evidence of a relationship between changes
in monthly stock returns and changes in the inflation rate. In other African countries, except
Mauritius, there is evidence of a long—run relationship between monthly stock returns and the

inflation rate.
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Country Augmented Dickey Fuller Phillips—Perron
Botswana -2.03* -2.64*
Ghana -2.96* -2.77*
Kenya -2.00* -2.71*
Mauritius -1.12 -1.90**
Nigeria -2.92* -2.96*
Zimbabwe -2.93* -3.46*

A single asterisk denotes significance at the 5% level and a double asterisk 10% level.

Table 6.10; Unit root tests for residuals of annual stock returns and inflation

South Africa and Kenya show contradictory results using the ADF and the Phillip—Perron

tests, with the ADF test revealing cointegration at the 10% level for Kenya and the Phillip—

Perron showing evidence of a long—run relationship for South Africa. There are no major

contradictions in the results for the relationship between annual inflation rate and annual stock

market return in most countries, as shown in Table 6.10 above. Mauritius is the only country

where the relationship is not clear, as the ADF test rejects long—run equilibrium between the

two series, while the Phillip—Perron test confirms cointegration at the 10% level. Another

revelation from these results is that the confidence of the evidence for this relationship is

stronger, since residuals are found to be stationary at the 5% level. Results for South Africa are

not reflected here, since the annual stock series does not have a unit root, which is a

prerequisite for cointegration analysis.

Country Augmented Dickey Fuller Phillips—Perron
Botswana -0.90 -0.94
Ghana -2.10* -1.78**
Kenya -1.66** -1.49
Mauritius 0.66 0.61
Nigeria -1.20 -1.63**
South Africa -1.08 -2.13*
Zimbabwe -2.37* -3.00*

A single asterisk denotes significance at the 5% level and a double asterisk at 10% level.

Table 6.11: Unit root tests for residuals of monthly stock returns and annual inflation
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To determine if there is a long—run relationship between stock market, as determined by the
stock market index movements and annual inflation rate, the residual of the regression
between the two series were tested for stationarity. Table 6.11 shows the results, and again
some contradictions in the test results are noted for the Kenya, Nigeria and South Africa
series. Botswana and Mauritius show no evidence of a long—run relationship between stock
market returns and annual inflation, while both the ADF and the Phillips—Perron test results
confirm the existence of such a relationship in Zimbabwe and Ghana. Now that a long—run
relationship between stock returns and inflation has been confirmed in most countries except

Mauritius, the next step is to check the nature of the relationship.

Long-run relationship between stock returns and inflation (SP=c+BCP;)
Country c g
Botswana -9.08 3.27

(0.36)* (0.08)*
Ghana 0.94 1.32

(0.13)* (0.03)*
Kenya 5.26 0.56

(0.27)* (0.06)*

N 2.60 1.46

Nigeria

(0.10)* (0.02)*
South Africa -0.51 145

(0.15)* (0.03)*
Zimbabwe 5.00 0.97

(0.05)* (0.00)*
SP represents monthly stock returns and CP is the monthly inflation rate. Standard errors
in parentheses below the coefficient (8) and constant (c) estimates. A single asterisk denotes
a value that is significant at 5%.

Table 6.12: Monthly stock returns and monthly inflation long-run relationship
Table 6.12 shows that stock prices and inflation have a positive relationship in line with the
Fisher Hypothesis, which noted that the expectation from investing in stocks markets is that it

achieves above—inflation returns to protect their purchasing power (Levi and Makin, 1979; Ely
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and Robinson, 1997; Choudhry, 2001). For the annual series, the situation is different with
only Kenya, Nigeria and Zimbabwe results confirming a positive relationship between the
variables, as shown in Table 6.13. Mauritius and Ghana, whose results indicate a negative
relationship, as shown in Table 6.13, have coefficients that are statistically insignificant which

means the nature of the long—run relationship cannot be confirmed as negative at the 5% level.

Long-run relationship between stocks and inflation (Se=c+pl)
Country c g
Botswana 0.50 281
(0.09)* (1.11)*
Ghana 0.32 -0.17
(0.06)* (0.28)
Kenya -0.14 2.02
(0.03)* (0.20)*
Mauritius 0.14 0.52
(0.05)* (0.77)
Nigeria 0.10 0.95
(0.04)* (0.13)*
Zimbabwe 0.03 103
(0.05)* (0.06)*
S represents annual stock return changes and 1 is the annual inflation rate change.
Standard errors in parentheses below the coefficient (8) and constant (c) estimates. A
single asterisk denotes a value that is significant at 5%.

Table 6.13: Annual stock returns and annual inflation long-run relationship
All other beta coefficients are significant at the 5% level, and thus in general the long—run
relationship between annual inflation and annual stock returns in Africa, expect in Botswana,
can be considered to be positive. These results are consistent with those in Table 6.12 above.
Table 6.14 provides a different picture in that a negative relationship is established between
annual inflation and stock price index at the 5% level for countries where the unit root tests

for residuals were found to be stationary using either the ADF or the Phillips—Perron test.
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Long-run relationship between stocks and inflation (SP+=c+pl)

Country c g

Ghana 7.32 -3.38
(0.20) (0.87)

Kenya 7.84 -0.72
(0.05) (0.33)

Nigeria 10.11 -4.85
(0.10) (0.39)

South Africa 6.89 1369
(0.07) (0.73)

Zimbabwe 6.98 4.29
(0.10) (0.12)

SP represents monthly stock returns and | is the annual inflation rate change. Standard

errors in parentheses below the coefficient (8) and constant (c) estimates. A single asterisk

denotes a value that is not significant at 5%.

Table 6.14: Monthly stock returns and annual inflation long-run relationship

6.2.1 Error Correction Model (ECM)

Empirical research shows that even when there is a positive long—run relationship, the short—
run dynamics could present a different view, and the error correction model (ECM) helps to
ascertain the nature of the relationship as well as the ability of the variables to return into
equilibrium in the next period. Ely and Robinson (1997) argue that the negative relationship
between stock prices and inflation has been derived from regressions over relatively short time
periods, suggesting that long—term series analysis would provide a positive relationship. In
Table 6.15 the ECM for the relationship between stocks and inflation is presented. The
negative coefficient for the error term in all the countries is a welcome result in that it shows
that stocks are able to revert back into equilibrium in the next period in case of an error in the
current one. However, only in the Zimbabwe and Nigeria cases is the negative coefficient

statistically significant, which prompts lack of confidence in other countries’ negative error
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term coefficients. Apart from South Africa, the coefficients for inflation are statistically
significant and positive, which suggests that stocks respond positively to monthly inflation
movements and this result is consistent with the earlier findings presented in Table 6.12 on the
nature of the long—run relationship. The R? in most countries is between 1% and 5%, which

indicates the percentage of movements in stocks that is explained by the right—hand side of the

ECM.
Error Correction Model (ECM) for monthly stock returns and monthly
inflation rate: DSi=c+BDC+¢&t.1
Country c B8 e R2 F-Statistic
Botswana 0.01 171 -0.03 0.05 3.32*
(0.01) (0.89)** | (0.02)
Ghana 0.01 0.65 -0.02 0.03 2.94**
(0.01)** | (0.31)* (0.01)
Kenya 0.00 0.59 -0.01 0.03 3.03**
(0.01) (0.26)* (0.33)
Nigeria 0.02 043 -0.03 0.05 5.03*
(0.01)* (0.18)* | (0.02)*
South Africa 0.01 -0.30 -0.02 0.01 0.71
(0.01)* (0.77) (0.02)
Zimbabwe 0.01 0.95 -0.05 0.15 21.10*
(0.01) (0.15)* | (0.02)*
DS represents monthly stock returns, DC is the monthly inflation rate and €
the error term. Standard errors in parentheses below the coefficient (g) and
constant (c) estimates. A single asterisk denotes significance at the 5% level
and a double asterisk is at the 10% level of significance.

Table 6.15: ECM for monthly stock returns and monthly inflation rate
The F-Statistics for Zimbabwe and Nigeria are significant at the 5% level, indicating the
significance of the whole equation in explaining movements in stocks. Mauritius does not
appear in the above table because no long—run relationship was found between stocks and

inflation; therefore ECM dynamics are not considered.
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Table 6.16 presents the error correction model for the relationship between annual inflation
and annual stock returns in countries where the residuals were stationary. All the error terms
have negative coefficients; these are statistically significant at the 10% level with Kenya, and

with Nigeria significant at the 5% level.

Error Correction Model (ECM) for annual stock returns and annual inflation
rate: AR=c+BDl+&.1

Country c B8 e R? F-Statistic

Botswana 0.00 0.96 -0.05 0.04 2.31**
(0.01) | (0.93) (0.03)**

Ghana 0.00 -0.33 -0.04 0.02 2.12
(0.01) | (0.40) (0.02)**

Kenya 0.00 0.44 -0.08 0.08 7.89*
(0.01) | (0.30) (0.03)*

Mauritius 0.00 -1.66 -0.07 0.06 3.94*
(0.01) | (0.79)* | (0.04)**

Nigeria 0.00 0.06 -0.07 0.05 4.62*
(0.01) | (0.27) (0.02)*

Zimbabwe 0.01 0.15 -0.05 0.02 1.77
(0.01) | (0.26) (0.03)**

AR represents changes in annual stock returns, D1 is the annual inflation rate

change and € the error term. Standard errors in parentheses below the

coefficient (g) and constant (c) estimates. A single asterisk denotes

significance at the 5% level and a double asterisk is at the 10% level of

significance.

Table 6.16: ECM for annual stock returns and annual inflation rate
The Mauritius annual inflation coefficient is significant at the 5% level, however, the rest of the
coefficients are not significant. The negative relationship between the movement in annual
stock returns and annual inflation rate is consistent with the earlier evidence on the long-run
relationship between the two variables, particularly for Mauritius. The R? for Kenya has also
improved to over 7% from 3% (see Table 6.15), which indicates that annual inflation equation
explains more of annual stock returns than monthly inflation does for monthly stock return.

The ECM for most countries is also significant for this relationship except in Ghana and

209 ’ﬁ{‘



Bekithemba Mpofu PhD Thesis

Zimbabwe. As for the countries where there was evidence of long—run relationship between
stocks prices and annual inflation, there is only one statistically significant equation, which is

that of Zimbabwe as indicated in Table 6.17 below.

Error Correction Model (ECM) for monthly stock returns and annual
inflation rate: DSi=c+BDli+€t1

Country c B8 e Rz | F-Statistic

Ghana 0.02 -0.13 -0.01 0.01 1.01
(0.01)* | (0.28) (0.00)

Kenya 0.01 0.28 0.00 0.01 091
(0.01)** | (0.22) (0.01)

Nigeria 0.03 0.12 0.01 0.02 157
(0.01)* | (0.19) | (0.01)**

South Africa 0.01 0.25 -0.02 0.02 2.00
(0.00)* | (0.62) | (0.01)**

Zimbabwe 0.06 0.33 0.02 0.03 2.93**
(0.01)* | (0.22) (0.01)

DS represents monthly stock returns, DI is the annual inflation rate change
and € the error term. Standard errors in parentheses below the coefficient
(B) and constant (c) estimates. A single asterisk denotes significance at the
5% level and a double asterisk is at the 10% level of significance.

Table 6.17: ECM for monthly stock returns and annual inflation rate

The coefficients for annual inflation rate changes, though positive, are statistically insignificant
in all cases, thus making the nature of the short-run dynamics difficult to ascertain and

confirm.

6.2.2 Johansen technique results

The other technique used to ascertain long—run relationships is that presented by Johansen and
Juselius (1990), discussed in the methodology chapter. To use this method there is need to
determine the lag length of the VAR, and Table 6.18 presents results of the process following

Sims’s (1980) likelihood ratio test (LR) and the Akaike information criterion (AIC). For the
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stock prices and inflation, the maximum lag length used to the VAR is 20, which Luintel and
Paudyal (2006) consider to be the most general model. If a lag length is determined using LR
or AIC tests, the next step is to carry out an LM test for residual serial correlation with the
hypothesis of no serial correlation at specific lag order. According to Johansen (1991), the
VAR residuals should be uncorrelated for reliable results. If the hypothesis is rejected at any of
the lag lengths chosen using the above—mentioned criteria, then there will be need to choose a
lag between these two lag lengths where the results do not reject the hypothesis of the test. If
both lag lengths provide a favourable LM test result, then the criterion with the least p-value
will be adopted. In cases where the criterion lag length choice results in the rejection of the LM
test hypothesis as well as the lengths between these, then any lag from the maximum length (k-
max=20) to a minimum length (k-min=10) in line with the Luintel and Paudyal (2006)
procedure would be considered. A 10% level of significance will be used in the LM test to

ensure consistency in the results as well as a reasonable lag length procedure.

Likelihood Ratio (LR) Statistics and Akaike Information Criterion (AIC) for Vector
Autoregression (VAR) Lag Length Specification for monthly stock and inflation figures
Country LR: (T-)(log| ¥r|-log| 3u|) | AIC:Tlog|¥|+2N | | ags Adopted
Botswana 2 2 17
(0.621) (0.621) (0.053)
Ghana % 2 !
(0.942) (0.291) (0.046)
K 19 9 14
enya
(0.850) (0.326) (0.036)
Mauritius . . 10
(0.742) (0.742) (0.055)
Nigeria 17 3 16
(0.425) (0.441) (0.089)
South Africa 2 2 13
(0.746) (0.746) (0.074)
The p-values are in brackets.

Table 6.18: Lag length specification for monthly stock and monthly inflation rate

211 ~=



Bekithemba Mpofu PhD Thesis

In Table 6.18, the results of the lag length selection criteria for the VAR that incorporates
stock prices and CPI index are presented with the p-values for the LM test in parentheses, and
there is no uniformity in the VAR lag length. The LR lag lengths range from 1 to 19 lags, while
the AIC is from 1 to 9 lags. The last column represents the adopted lags using the brief
outlined above. In all cases the lag length chosen through the criteria show evidence of serial
correlation in the VAR residuals, and adopted lags had to follow the decision rules mentioned

above.

For the annual stock—inflation series, a different approach is adopted given the relationship
between the current values and twelve months ones; thus the maximum lag length (k-max) is
fixed at 11 lags instead of 20 with minimum lag length of 2. Table 6.19 presents the adopted
lag lengths as well as the p-values for the LM test. Just like the results in Table 6.18, none of

the lags chosen using the LR or the AIC result in the non-rejection of the LM test hypothesis.

Likelihood Ratio (LR) Statistics and Akaike Information Criterion (AIC) for Vector
Autoregression (VAR) Lag Length Specification for annual stock and inflation figures

Country LR: (T-)(log| >r|-log| Tu|) | AIC:Tlog| 5 |+2N | | ags Adopted

Botswana 2 2 3
(0.370) (0.370) (0.243)

Ghana 6 6 5
(0.186) (0.186) (0.044)

Kenya ; / 4
(0.195) (0.910) (0.009)

Mauritius 2 2 2
(0.132) (0.132) (0.132)

Nigeria 1 4 %
(0.470) (0.540) (0.054)
The p-values are in brackets.

Table 6.19: Lag length specification for annual stock returns and annual inflation
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The adopted lag length for Botswana and Mauritius are the only cases where a p-value for the
LM test results in the non-rejection of the serial correlation VAR residual test, since the value
is over the initially agreed significance levels. Given the existence of serial correlation in the
VAR residuals, no cointegration test is to be performed for Botswana Mauritius in the
ascertainment of the long-run relationship between annual inflation and annual stock returns.
In the case of Ghana and Kenya, the p-values for the LM test for the two considered criteria
resulted in the non-rejection of the serial correlation in the VAR. For this reason, the lags
between these criteria and the maximum lags were then tested in line with the above—outlined
decision rule; however, the results were the same. To determine the lag lengths in these cases,
the lags between the minimum lag length and the maximum criterion were considered. This

resulted in the adopted lag length of 5 for Ghana and 4 for Kenya.

With the above adopted VAR lag length, the Johansen technique was then executed for each
country’s consumer price index and the stock market price index to ascertain the long—run
relationship between stocks and inflation. Table 6.20 shows the results for this test, and also
indicates the cointegrating rank as well as the cointegrating vector. In Table 6.20 the
indications using the maximum eigenvalue, normalised for stock prices, are that there is at least
one cointegrating vector between stock market prices and inflation in Nigeria and two in South
Africa. In both cases, the results show a negative and significant relationship, suggesting that a
rise in the consumer price index leads to a decrease in the stock market price index over time.
Except for Kenya, this negative relationship is echoed by the rest of the countries where no

cointegration was established using this method.
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market index and consumer price index

Cointegrating rank results, normalized coefficients and VECM for stock

Cointegrating

Country r=0 r<1 Vectors VECM Coefficients
g c Stock | Inflation
Botswana | 11688 | 2036 | 2447 | 549 | "0.003 1 0002
(0.397)* (0.028)* | (0.003)
Ghana 12253 | 3.049 | 1308 | gggs | 0037 | 0.002
(0.119)* (0.014)* | (0.003)
Kenya 9.435 | 2.860 | 13039 | gg374 | 0001 | -0.001
(5.667)* (0.001) | (0.000)*
Mauritius 10104 | 2.251 | 1105 | g5 | 0:001 1) 0.010
(0.354)* (0.032)** | (0.004)
Nigeria 18.005* | 2.272 -2.030 0.016 -0.048 0.011
(0.174) (0.017)* | (0.005)*
South Africa | 17.765* | 2.856 | 29 | gagp | 0002 | 0002
(0.493)* (0.007) | (0.001)*

5% LOS 1541 | 3.76

of significance.

Standard error is in parentheses below coefficient estimates. A single asterisk
denotes significance at the 5% level and a double asterisk is at the 10% level

Table 6.20: Cointegration results for monthly stock returns and monthly inflation

These results, however, contradict the findings using the Engle—Granger 2-step method

performed earlier and seem to confirm the empirical findings of the late 1970s and early 1980s

by researchers such as Nelson (1976), Bodie (1976), Fama and Schwart (1977), Modigliani and

Cohn (1979), Gultekin (1983) and recently Ritter and Warr (2002). The possible explanation

for this is that the results presented in Table 6.12 above are from an equation that looks at the

effect of an increase in the current inflation rate on stocks, while the Johansen technique

considers the effect of lagged values in both the independent and the dependent variable. Thus

the results in Table 6.20 do not suggest that a rise in the inflation rate will result in a fall in

stock prices, but merely confirm that in the long run inflation and stocks have a negative

relationship.
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The last two columns of Table 6.20 show the VECM results which present the error-
correction coefficients for the largest eigenvalue in the VECM. As noted in Chapter Two, the
speed of adjustment back into long—run equilibrium is showing. The stock prices component is
negative and significant, indicating the ability of the system innovations to revert back to the
long—run relationship. The positive VECM coefficient for stock prices in the South African
case is worrying in that there is no evidence of the stock market series reverting back into
equilibrium. However, since the positive stock coefficient in this case is not statistically
significant, there is also no evidence of an exaggerated error in the next period either. The
relationship between annual stock returns and the inflation rate present a different picture in
that there is evidence of a long—run relationship in all the countries considered, as noted in
Table 6.21 below. In Table 6.21 the three countries considered here show at least two

cointegrating equations at the 5% level.

Cointegrating rank results, normalized coefficients and VECM for
annual stock returns and annual inflation rate
Cointegrating
Country r=0 r<1 Vectors VECM Coefficients
B C Stock Inflation
Ghana 25.203* | 6.977+ | 1771 | g g79 | “0:080 | 0.005
(0.964) (0.017)* | (0.003)*
Kenya 15.730% | 4592+ | 2027 0.137 | 0083 -0.009
(0.769)* (0.026)* | (1.331)*
Nigeria 17.410% | 4205+ | 0810 | 437 | -0.094 1 -0.016
(0.395)* (0.031)* | (0.009)*
5% LOS 1541 3.76
Standard error is parentheses below coefficient estimates. A single asterisk
denotes significance at the 5% level and a double asterisk is at the 10% level
of significance.

Table 6.21: Cointegration results for annual stock returns and annual inflation
The cointegrating vectors confirm a statistically negative, relationship between the two

variables in Kenya and Nigeria, with Ghana negative value insignificant. All the stock
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components of the VECM are negative suggesting the ability to draw the system back into

long—run equilibrium.

6.2.3 Impulse response

The cointegration analysis carried out above has aided the knowledge about the nature of the
relationship between stock returns and inflation in the long run, while the ECM has assisted
the understanding of the short-run dynamics. However, to help understand the response of
stock prices to inflation innovations it is necessary to consider the impulse response function
which traces the effects of one standard deviation shock on one of the innovations on current
and future values of the endogenous variable (Al-Khazali and Pyun, 2004). Through the
VECM developed by Johansen (1991), a shock to the inflation rate will affect its current and
future movements as well as the changes in the stock market via the dynamic structure of this
model. Koop et al. (1996) developed a non-linear impulse response for multivariate models,
while Pesaran and Shin (1998) improved on this to propose the generalised impulse response
analysis for an unrestricted VAR and cointegrated VAR models. This generalised system was
proposed to address the shortcomings of the VAR system developed by Sims (1980). This is
so because the dynamic analysis of VAR models routinely carried out using orthogonalised
impulse responses, where underlying shocks to VAR are orthogonalised using Cholesky
decomposition before impulses are computed, are invariant in the ordering of the variables in
the VAR (Pesaran and Shin, 1998). In this regard, ordering becomes an issue whenever making
analysis on the VAR system. The generalised impulse response addresses this issue since
Pesaran and Shin (1998) show that for a non-diagonal error variance matrix the orthogonalised

and the generalised impulse responses coincide only in the case of the impulse responses of the
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shocks to the first equation in the VAR. However, in this section, since only two variables are
used, the ordering challenge is not much of an issue; thus the generalised system would
produce the same results as the Cholesky one standard deviation shock results. Since VAR
systems are difficult to define concisely owing to complex patterns of cross-equation feedback
and estimated lagged coefficients, the impulse response function is considered an alternative

descriptive mechanism (Al-Khazali and Pyun, 2004).

Ely and Robinson (1997) used the impulse response methodology to ascertain if share price
maintain their value relative to goods prices and whether these response patterns depend on
the source of the inflation shock. Figure 6.4 below shows the impulse responses of stock
market prices to inflation innovations over a five—year period. The indications are that stock
returns respond positively to inflation shocks over time except in Kenya, where the response is
positive but dies down after four years to become negative. In Botswana, the response is
negative up to a year and then becomes positive sharply, then dying down positively; the
positive response is only statistically significant at the 5% level after three years. Ghana stock
prices also have a negative response to inflation innovations in the first two months before the
response becomes positive, then negative until the 18" month, when it becomes positive with
the statistical significance of the positive response only experienced after two and a half years.
Apart from the positive response experienced by the Ghana stock prices between the second
and the sixth months, South Africa follows a similar impulse response to inflation innovations.
In these cases a positive response is experienced after two years and the statistical significance
of this response is only noted after five years. Mauritius stock prices respond positively to
inflation innovations from the first month to the fifth year, but none of this response is

statistically significant at the 5% level.
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Figure 6.4: Impulse response diagrams for stock market index response to CPI

Nigerian stock prices, whose response is positive and similar to Mauritius stock prices,

experience a statistically significant response from the second month to just over three years.

As noted above, the only country whose stock prices’ response is negative towards five years is

Kenya, which starts having a positive response that becomes statistically significant after the

eight month, staying so until two years. The positive response of stock prices to inflation

innovations in Kenya dies down, becoming negative after four and a half years. Apart from

Botswana and Ghana, the response of stock market prices to inflation innovations after one

—_—
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month is similar to the findings presented in Table 6.15 above, though Figure 6.4 shows

statistically insignificant responses in this period for all but Nigeria.

Figure 6.5 presents the response of annual stock market returns to annual inflation rate
innovations for a five—year period. The findings show that the response dies away towards the

final period under consideration.

Response of Botswana stocks to inflation innovations Response of Ghana stocks to inflation innovations
12 .20
.08 154
104
04l
.05
004 L e o e
N\~ - 00~ —
-4t -05 -
-08 T T T T T T T T T T T -10 T T T T T T T T T T T
5 10 15 20 25 30 35 40 45 50 55 60 5 10 15 20 25 30 35 40 45 50 55 60

Response of Kenya stocks to inflation innovations Response of Mauritius stocks to inflation innovations
15 .10

.08
.10

.06
054 / 041

[/ 024 7
0047
,,,,,,, 00 ¢ B
-05 T T T r T T T T T T T -02 aammaneas e T T T T T T T
5 10 15 20 25 30 35 40 45 50 55 60 5 10 15 20 25 30 35 40 45 50 55 60

Response of Nigeria stocks to inflation innovations Response of South Africa stocks to inflation innovations

.16 .10
12 084
.06
.08
.04
04/
i . .02
.00 N “\\ ,"/\\\ e m—— e
S~ —- -00 ¢
-.04 _o2d N
-08 T T -.04 Ty
5 10 15 20 25 30 35 40 45 50 55 60 5 10 15 20 25 30 35 40 45 50 55 60

Figure 6.5: The response of annual stock returns to annual inflation rate shocks
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The annual stock returns’ response to annual inflation rate shocks begin positive in Nigeria
and Mauritius, then dying positive towards the fifth year. For Kenya the annual stock returns
show a negative response after three and a half years, having started positive to inflation
innovations. The response in Kenya is also statistically significant between the third month and
just before two years, while in Nigeria the response is positive between the second and the
eighteenth months. The response findings in these countries are similar to those obtaining
between the stock market prices and the consumer price index, as shown in Figure 6.4, and are
also consistent with the ECM findings in Table 6.16. The response of South Africa stock
returns is negative and dies down towards year five; none of the responses are statistically
significant over the five—year period. Botswana and Ghana annual stock returns follow a
similar response which starts with a transitory period of negative response, becoming positive
to annual inflation rate shocks before the response dies away over time. The negative response
for Botswana annual stock returns to unexpected movements in the annual inflation rate is
statistically significant before six months and then becomes insignificant, following a similar
response pattern with the stock market prices. In summary, Figures 6.4 and 6.5 show that
unexpected movements in both the consumer price index and the annual inflation rate
influence movements in the stock market prices and annual inflation rate respectively over

time.

6.2.4 Variance decomposition
The techniques that have been looked at thus far examined the existence of a relationship
between stock returns and inflation over a long run horizon as well as short and medium term.

In this section we explore the variance decomposition of the models estimated in Tables 6.20
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and 6.21 above. The variance decomposition helps determine how much of variations in stock
prices are explained by inflation over a given period of time, and are constructed from a VAR
with orthogonal residuals (Sims, 1980; Litterman and Weis, 1985). The ordering challenge
associated with this method is not an issue here since only two variables are considered. While
this method does not necessarily provide answers as to the nature of the stock—inflation
relationship, it offers useful information for each country as it provides the percentage of
variations in stock prices caused by inflation innovations. The lag lengths adopted in Table

6.18 are used for the VAR system in the decomposition of the variance.

Variance Decompositions for stock prices on consumer price index series
Years | Botswana | Ghana | Kenya | Mauritius | Nigeria | South Africa
0.5 5.092 | 0.231| 3.514 0.655 11.088 2.236
1 6.306 | 2.102 | 16.493 2.349 34.748 7.012

2 19.504 | 2.783 | 31.638 3.850 61.473 7.527

3 22.497 | 9.175 | 35.804 4.853 70.876 6.960

4 27.251 | 16.148 | 36.245 5.648 75.129 6.565

5 31.131 | 20.175 | 36.248 6.310 77.257 6.419

Table 6.22: Variance decompositions for stock prices on CPI series
In Table 6.22, the variance decomposition results are presented for the medium-term, i.e. six
months, and each year until the fifth year. This approach directly addresses the contribution of
inflation in forecasting the variance of stock prices, unlike cointegration, which implies that the
variance decomposition in levels approximates the total variance of stocks (McMillan, 2001).
The results show that after the half year 11% of stock price variations in Nigeria are explained
in inflation innovations, which is a substantial percentage given that only 0.2% and 0.7% of
stock variations are explained in Ghana and Mauritius respectively. After five years, over 77%
of the stock market price variations are explained by the consumer price movements in
Nigeria. South Africa and Mauritius results are the lowest, with variance decomposition results

of just over 6%, which shows that the percentage inflation predicts variations in stock prices
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over five years. The situation is similar for annual stock returns, as shown in Table 6.23 below,
though annual inflation predicts less variation in annual stock return than CPI does with stock

prices in all countries.

Variance Decompositions for annual stock returns and annual inflation series

Years Botswana | Ghana | Kenya | Mauritius | Nigeria | South Africa
0.5 9.012 | 2.079 9.731 0.989 7.726 1.377

1 8.880 | 2.710 28.244 1.944 26.117 4.956

2 10.159 | 3.577 47.438 2.644 41.752 5.440

3 10.330 | 4.977 49.840 2.756 42.336 5.779

4 10.332 | 5.019 49.717 2.771 42.412 5.947

5 10.332 | 5.017 49.734 2.773 42.431 5.985

Table 6.23: Variance decompositions for annual stock returns and annual inflation
In conclusion, the consumer price index in Botswana, Ghana, Kenya and Nigeria predict
considerable amounts of variations in stock prices at over 20%. However, the annual inflation
rate only predicts annual stock returns well in Kenya and Nigeria, with figures over 42% of

variations. Given these results, CP1 is a good predictor of stock prices over time in Africa.

6.2.5 Structural breaks in the stocks and inflation series

The long—run relationship between two variables can be affected by the presence of structural
breaks in the data, and stock—inflation relations are not exempt from this assertion. These
breaks could be a result of economic regimes or a change in the factors that determine and
affect innovations in variables under consideration. Therefore, if structural breaks are not
taken into account when determining the existence of a long—run relationship, there is a
possibility that linear methods may fail to confirm the relationship when in fact it does exist. In
the context of this research, the Johansen cointegration method failed to establish a
relationship between inflation and stock prices in three of the countries under consideration,

and accounting for structural breaks could help determine the robustness of these results.
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To identify breaks, we use the Bai and Perron (1998; 2003a, b) technique which was outlined in
the Methodology chapter. Since the number of breaks required has to be specified, this section
will consider only one break without indicating the span from the start of the data. The choice
of one break in this context is motivated by the fact that later in this section a Granger
causality test will be carried out before and after the break; hence, having more than one break
point will compromise the exercise, given the number of observation in the data. Appendix 6.1
presents the diagrams showing the break points for the monthly inflation movements and the
stock market monthly returns for each country. In summary, there is a downward shift in the
stock returns in all countries apart from South Africa, which exhibits an upward shift in
returns after the break. A similar trend is noticed for monthly inflation with all countries
except Botswana projecting a downward shift in the rate. The Botswana situation presents a
tightening of real stock returns with inflation on an upward shift and stocks vice versa. South
Africa, on the other hand, shows potential for increased real month stock returns after the
break, with the upward shift in stock returns and downward regime movement in the monthly

inflation rate. Table 6.24 below presents the summary of the break points for each country.

Botswana | Ghana | Kenya | Mauritius | Nigeria | South Africa

Inflation Series Feb-05 Mar-03 | Apr-04 Dec-01 Sep-95 Apr-93

Stock Series Mar-02 Aug-04 | Mar-94 Oct-04 Dec-96 Aug-04
Table 6.24: Break points for inflation and stock series

The break points provided in Table 6.24 are for the month—to—month changes in stock prices
and inflation index series. The possible reasons for the structural breaks in the stock and

inflation series vary from country to country as provided below, though it is important to note
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that these reasons are not absolute but are suggestions as to possible causes of the structural

changes.

The inflation break points for Botswana and Mauritius are around the time when there was a
change in the base of the consumer price index, particularly the weights used to calculate it.
Between 2001 and 2002 Mauritius carried out a Household Budget Survey meant to change the
base for the calculation of weights used in the inflation basket; thus the changes might have
resulted in the structural shift due to inflation basket weight reallocation. The stock market
structural change in Botswana coincides with a retreat in world stock markets in the post—

September 11, 2001 USA tragedy.

In 2000 a new government was elected in Ghana which introduced a new monetary policy in
line with the liberalisation of the economy. One of the major issues that the new government
had to address was inflation, which was over 20% at the time; it made a commitment to reduce
inflation to a target of 5% by 2008. In line with this projection was a series of monetary
measures which included a systematic increase in interest rates through indirect means (Epstein
and Heints, 2006), with a view to reducing inflation through reduced expenditure, increased
savings and reduced asset prices. The presence of the break point more than two years after
this policy confirms empirical evidence that interest rates do not affect inflation instantly but
over time. The increase in interest rates as part of reforms in monetary and financial regulation
meant stock prices had to systematically come down as investors opted for Bonds and related

instruments, thus affecting the structure of the stock trend as well.
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A new consumer price index was introduced in Kenya in 2003 based on the 1993/94 Urban
Household Budget Survey (UHBS) with a Lasypers base of 1997. This could explain the
existence of the structural break in the inflation figure. Moreover, as prior to this new inflation
platform the Nairobi CPI was used as a measure of inflation, this development could have
contributed to the shift in the inflation series as Kenya moved from the Nairobi CPI to a
national CPI platform. In 1995, the Kenyan government also relaxed restrictions on foreign
ownership of locally controlled firms when it announced its Budget in June. This meant that
the aggregate limit for foreign ownership was increased to 40%, with single holding not
exceeding 5%. In addition, the Exchange Control Act was repealed in December 1995, leading
to an increase in the number of licensed stockbrokers. These developments within the financial
sector, in particular the Nairobi Stock Exchange (NSE), could have led to the shift in the

structure of the stock market.

The December 1996 break point for the Nigerian stock exchange might be attributed to the
November 1996 launch of the browser’s Internet System (CAPNET), which was to facilitate
communication among stakeholders as part of service enhancement. On the inflation front,
the food component in the consumer price index weights in Nigeria accounts for over 60%,
making the country’s inflation sensitive to fluctuations in food prices, particularly agricultural
products. According to Okuneye (2001), the gains of the Structural Adjustment Programme in
terms of reduction in food imports were lost as from 1995, when food importation took an
upward turn. The jump in food importation of over 500% during the year meant a price shift

associated with exchange fluctuations, hence the structural change.
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In South Africa, the early 1990s heralded the end of apartheid as well as sanctions, leading to
an inflow of foreign investment and the ability to purchase in competitive markets, which in
turn changed the economic climate of the country. The installation of a new government
brought new economic and monetary policy changes, thus possibly affecting the inflation rate
movement. South Africa has been practising inflation targeting with direct controls since 2000,
and the central bank uses monetary policy to police inflation in particular interest rates.
Inflation was below the target in the early years of this policy, and thus a lowering of interest
rates was used to induce expenditure at a time when low inflation became a worry for
economic growth. The resultant systematic lowering of rates from over 12% in April 2003 to
6% in May 2005 subsequently meant a change in investment preferences to stock markets,

which might explain the upward movement in stock return trend after the break point.

Figure 6.6 below shows the diagrams for each country indicating the break point in the annual
inflation rate. For all the countries there was a downward shift in the annual inflation rate after
the break, which might suggest African governments’ efforts in arresting high inflation rate
within the continent. Looking at the Botswana diagram, the annual inflation series was on a
steady increase until around 1992, when it declined to below 10%, and thereafter it started
fluctuating between 6% and 12% with spaced up peaks. A similar pattern exists for Kenya with
a structural break visible around 1995. Apart from a peak around 1995, the Ghana annual
inflation series does not show a visually convincing break point, and if methods that do not
identify the break automatically were used it would be difficult to ascertain the proposed break
point. Mauritius and Nigeria present visually convincing break points with small and widely

spaced peaks preceding narrow high peaks after the breaks.
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Figure 6.6: Diagrams showing the break point for the annual inflation rate

In the South African case, the regime after the break has high peaks with wide span in between
them though after 2004 another new regime can be visually identified. As for the annual stock
returns, the situation is different in that it would be difficult to confirm a break for Botswana,

Ghana and Mauritius, while Kenya exhibits evidence of two break points for the stock returns.
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In the Nigeria case, as shown in Figure 6.7, there are no spiky peaks before the break
compared to after the break, with a steady increase noted in the earlier regime. While the
movements in the South African annual stock returns series have peaks during the whole
period, the break point is followed by a period of steady rise in annual returns which do not

show signs of a deep fall.

Break Point diagrams for the annual stock market returns
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Table 6.25 shows the summary of the break points for both annual stock returns and the
annual inflation rate. For Botswana there is not much difference between the break point in
this table and that in Table 6.24, suggesting the break point could have been as noted in the
above explanation. The breaks in South Africa and Nigeria for both the series are also close,
with less than a year difference and, given that annual stock returns as well as annual inflation
rate are time sensitive as they compare current and previous year figures, the explanation for a

break point within a year time frame can be attributable to the justification offered above for

Table 6.24.
Botswana | Ghana | Kenya | Mauritius | Nigeria | South Africa
Inflation Series Jan-05 Aug-97 [ Aug-94 Jun-06 Mar-96 Nov-92
Stock Series Jul-02 Jan-05 | Jan-95 Nov-02 Aug-97 Feb-04

Table 6.25: Break points for annual inflation and annual stock returns series
The same explanation can also be made for Ghana and Kenya stocks, whose break points are
within a year of the points presented in Table 6.24. The annual inflation rate break for
Mauritius provided above was induced by unprecedented increases in food inflation, which
reached 3.9% for the month in July 2006, the highest in over five years. The increase in food
inflation, which constitutes over 30% of the inflation basket, resulted in double figures for
over a decade and stayed so for some months, hence the structural shift. For annual stock
break points, only Mauritius provides a different break point for stock returns from what stock
prices highlighted. This point could be attributed to the limitation of the approach used here,
which requested only one break point, and this is thus identified by the Bai—Perron technique

even when a break point does not exist or a regime switch might not have occurred.
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6.2.6 Granger causality test

A Granger causality test before and after the noted breaks was then performed to establish the
nature of the relationship between inflation and stock returns before and after breaks. Table
6.26 shows the causality relations between the consumer price index and stock prices for the
whole period, before and after the break. The whole period causality results are for the whole
sample period, while before the break represents the period from the start of the data to the
first break, be it inflation or stock prices break point. After the break, Granger causality results
are for the period from the last break to the end of the sample period. For cases where there is
no Granger causality test statistic between the breaks in Table 6.26, the stock prices and
inflation break points were within the same quarter, and thus no causality test was carried out,

since the number of observations will compromise accuracy.

Botswana | Ghana | Kenya | Mauritius | Nigeria | South Africa

Whole Period St-Inf 0.90 0.43 1.34 3.02** 1.83 1.13

Inf-St 1.20 4.03* | 2.32* 2.37* 5.06* 1.70
Before Break St-Inf 0.21 1.38 0.78 1.43 3.07* 1.10

Inf-St 6.08* 3.37* 1.48 1.13 0.96 2.87*
Between St-Inf 0.93 75.12** - 1.18 7.25 151
Breaks Inf-St | 3.58* 0.89 - 147 0.79 161
After Breaks St-Inf 0.77 0.74 1.29 - 1.84** 0.48

Inf-St 2.91 103 | 1.60** - 2.61* 0.74
Stand Inf represent stock prices and inflation respectively. A single asterisk denotes significance
at the 5% level and a double asterisk is at the 10% level.

Table 6.26: Granger causality test results
The above results in Table 6.26 show that there is no causality relationship between stocks and
inflation for the whole period in Botswana and South Africa. However, before the inflation
break point, inflation Granger caused stock market changes in Botswana and South Africa,

while no evidence of causality either way is noted between the two series after this break. This
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finding could point to the existence of a significant break point in the inflation series that
affected the relationship entirely between the two variables, while the stock market break seem

not to have changed causality relations.

The Ghana, Kenya and Nigeria cases show evidence of one way causality between inflation
and stock markets over the period under consideration, with inflation Granger causing stock
prices. In all the three cases, break points seem to have influenced the causality relations,
pointing to the effect of structural breaks in the relationship between the two variables. While
for Kenya there is one way causality for the whole period and after the inflation break point,
the other two countries present different causality offerings before or after breaks. Ghana
shows no Granger causality after the stock market break, while there is no evidence of inflation
causing stock movements after the structural break in the inflation series. Interestingly, though,
there is a shift in causality from inflation causing stock prices to vice versa after this break, and
no causality either way after the stock market break. The Nigeria case is different in that stock
prices Granger caused inflation before the inflation break point and a two-way causal
relationship is found after the stock structural break. The results of the Mauritian causality tests
are seemingly not reliable in that the test for the whole period shows a two-way causality, but
no evidence of causality is found before the stock market structural break and between the
break points. The inconsistency might be a product of the sensitivity of this method to lag
length choice in that causality results are influenced by this choice, which is prone to

inaccuracies reflected by the method used to arrive at the lag length.
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The final part of this section will determine if the relationship between inflation and stock
markets is any different before or after the noted break points, especially in countries where
there was no evidence of a long—run relationship, using the Johansen technique. Table 6.27
presents cointegration results for Botswana, Ghana and Kenya, where the cointegration results
in Table 6.20 showed no evidence that stock prices and inflation move together over time.
Mauritius is the fourth country where the results in Table 6.20 rejected the existence of a
cointegration relationship between inflation and stocks; however, before and after either the
stock prices or inflation break point, no cointegration was found either. In Table 6.27, the
results for Botswana show that there is at least one cointegration relationship between stock
prices and inflation after the stock prices break point, and none before then. The relationship
is negative with also a negative stock and inflation terms in the VECM, which suggests that

both series have a tendency to revert back to long—term equilibrium in case of an error.

Cointegrating Vectors | VECM Coefficients
Country r=0 r<i :
B c Stock Inflation
-1.667 -0.560 -0.030
Botswana 26.360* | 0.305 1.247
(0.087)* (0.170)* | (0.035)*
0.239 -0.065 -0.061
Ghana 24.118* | 0.013 -9.717
(0.707) (0.116) | (0.030)*
2.134 -0.003 -0.004
Kenya 16.670* | 2.961 -16.670
Y (0.758)* (0.005) | (0.001)*
5% LOS 15.41 3.76
Standard error in parentheses below coefficient estimates. A single asterisk
denotes significance at the 5% level and a double asterisk 10% level of
significance.

Table 6.27: Cointegration results incorporating structural breaks

Ghana also has evidence of at least one cointegration relationship after the inflation break
which could suggest that the new policies introduced by the post—2000 government resulted in
the stock—inflation relations. The new monetary policies tackled inflation through indirect

interest rate intervention and, since stock prices also react to interest rate movements, the new
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interest rates approach could have been the glue to the stock—inflation relationship. As for
Kenya, the relationship confirmed in Table 6.27 is for the period before the inflation structural
break. Since the regime shift coincided with the introduction of a new Kenya CPI, the results
above suggest that the Nairobi CPI which was previously in use, had a long—run relationship

with stock prices than stocks have with the new inflation regime.

6.2.7 Are stock-inflation relations state dependent?

In the above analysis, stock—inflation relations were established using the Engle-Granger two-
step method, and the Johansen technique also confirmed this for South African and Nigeria.
To establish if the impact of inflation on stock returns is state dependent, a series of
conditional regressions are used in line with the approach adopted by Adam, McQueen and
Wood (2004), who tested if the relationship varies across states of the economy using daily
USA data. To determine the different economic states, Adam, McQueen and Wood (2004)
used McQueen and Roley’s (1993) state classification which compares actual levels of industrial
production to a trend in industrial production. Thus high economic activity is represented by
the top 25% (in terms of production) of the months and low economic activity the bottom
25%. The medium economic activity in this case equates to the 50% of the months which are
between high and low economic activity. McQueen and Roley (1993), whose research looked
at the effect of macroeconomic news on stocks, found that the response of stock market to
economic news depends on the state of the economy. This conclusion is shared by Boyd,
Jagannathan and Hu (2001) using a longer period. Adam, McQueen and Wood (2004) noted
that fear of an overheating economy could result in stock market participants becoming

particularly responsive to inflation news in good economic times. The effect of economic state
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is confirmed by Flannery and Protopapadakis (2002) as well as Barrett, Gosnell and Heuson
(1997), whose research looked at the responses of Treasury security prices to macroeconomic
news. Adam, McQueen and Wood (2004) concluded that stock—inflation relations are state
dependent and that the strength of the relationship is stronger for large stock prices when the

economy is strong and operating near capacity.

The problem with the McQueen and Roley (1993) approach, though, is that the high and low
economic activities are period specific, and so might not necessarily reflect real economic
growth capacity and recession. Moreover, given that agriculture plays an integral role in overall
production in Africa, the seasonal tendencies of this sector will influence the industrial
production levels. One way of addressing the seasonal effect of production will be to
seasonally adjust the data. However, seasonally adjusting data results in data loss and could
thus influence the results of this exercise. After all, with or without seasonal adjustment, if the
raw data (non-adjusted data) indicates an effect of economic activity in the relationship, such

results can still be used to infer state dependence.

To determine state dependence effect on stock—inflation relations, this section will use South
Africa as a case study. The choice of South Africa in this case is driven by the availability of
monthly industrial production data for that country, with only annual data available for the
other African countries. The production data is from the International Monetary Fund and
represents monthly industrial production levels. The use of one country to infer the effect of
economic activity in the continent does not make the result representable. However, if annual

data were to be used for the other countries, this would provide at most 20 data points, which
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is not enough to draw credible conclusions. The alternative solution to this annual data
problem could be to subdivide the years into high, low and medium economic activity then
consider all the months in the high economic activity and year as representative of same,
despite monthly economic activity fluctuations. This approach would address the seasonality
issue, but the importance of monthly economic activity fluctuations would render this
approach too generalised to produce reliable results. In this regard, only the South African case
will be examined here using the approach followed by Adam, McQueen and Wood (2004),
who test for the coefficient stability across high and low economies in the following regression
of stock prices on inflation. The equation below is used in the analysis:

R =a L+ayM +a,H + B LI, + B, MI1, + B, HII, +¢, 6.2
where R is the stock market, IT is inflation, & is the error term and t is time; while H, M and L
represent high, medium and low economic activity respectively. H=1 reflects months when
economic activity is high and H=0 otherwise, and similarly with L and M. The coefficients for

the three economic activities are represented by« ,,, and «,, which form the constant for

this regression. Table 6.28 below shows the 5, f3,, and ,, state-dependent coefficient results

contained in Equation 6.2 with the p-value in parentheses.

Base Low Economy | High Economy
Observations 113 57 58
Beta Coefficients 0.713 -2.993 -1.992
(0.426) (0.023) (0.172)

Table 6.28: Coefficients and p-values for state dependence
The results show that the response of stock returns to inflation when the economy is weak is
significantly negative and stronger than the response during a strong economy. A 1% positive

movement of inflation in a weak economy results in a 2.99% decrease in stock returns, and this
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relationship is statistically significant at the 5% level. On the other hand, in a strong economy a
1% rise in the inflation rate would result in a 1.99% decrease in stock market returns. These
findings are in line with that of Adam, McQueen and Wood (2004) who documented the
decline of ‘large stock’ prices in both strong and weak economic activity when there is an

unanticipated increase in the inflation rate. To determine if the response is statistically different
between economic states, the Wald coefficient test is used with the hypothesis that g, = 3,,.

The p-value for this test is 0.263; thus the response of stock prices to inflation movements in

South Africa is not affected by the state of the economy.

6.2.8 The effect of unexpected inflation on stock—inflation relations

In this section we look at the nature of the relationship between stock market returns and
unexpected inflation in Africa, and most importantly as part of a view to explore the
implication of using month—end stock results when inflation is announced mid-month. To
create the unexpected inflation series, the best forecasting series established earlier in Chapter
5 is used to infer inflation expectations. The advantage of using these results is that they offer
realistic inflation expectations, since simple multivariate and univariate methods were used to
derive the models. The models that were the best for one month out-of-sample forecasting are
the only ones to be considered here, since inflation expectations for this exercise are for
inflation which is announced fifteen days after the month end. The only disadvantage in using
this approach is that it assumes that stock market stakeholders, in particular investors, forecast
inflation homogeneously across the market which, is a lot to ask of a less sophisticated African
market. In addition, the forecast period of one month might be too long, since new

information within the month could render the forecast obsolete. Unlike most approaches that

236 ~=



Bekithemba Mpofu PhD Thesis

use other series like interest rates to infer inflation expectations, the models used here present
realistic inflation expectations for each country under consideration. The following equation

was used to derive the unexpected component of inflation:

U, =II,-E 6.3

t B
where U, represents unexpected inflation, TI,is the actual inflation rate, and E, ,is the
inflation expectations derived one period ago for the current period. Since the inflation
forecasting model is good at determining the one month ahead expectations, the use of a
lagged variable captures the current inflation expectations. The expected inflation in this case is
thus arrived at by creating a fitted series from the forecast model. An alternative to using the
out-of-sample forecast could have been to use the results from the in-sample forecasting,
which are known to determine if the model is the best fit for the data. However, this
alternative is not strong at determining future expected values, which is the expectation in this

case.

To determine the relationship between unexpected inflation and stock market returns in

Africa, a regression approach is used after determining if the series are stationary.

Augmented Dickey Fuller Phillips—Perron KPSS
Country Constant None Constant None Constant
Botswana -10.77* -10.65* -10.79* -10.66* 0.08**
Ghana -3.61* -3.62* -1.42* -7.45* 0.05**
Kenya -7.15* -7.15* -10.92* -10.93* 0.31**
Mauritius -4.77* -4.79* -20.08* -20.17* 0.34**
Nigeria -1.57 -1.58 -8.13* -8.15* 0.95
South Africa -5.49* -5.50* -13.55* -13.58* 0.34**
A single asterisk denotes significance at the 5% level and a double asterisk 10% level of
significance.

Table 6.29: Unit root test results for unexpected inflation

237



Bekithemba Mpofu PhD Thesis

The unit root test results for the unexpected inflation are presented in Table 6.29 below and,
apart from the Nigeria test results, the rest exhibit stationarity. The ADF and the KPSS test for
Nigeria show that the unexpected inflation series have a unit root, which is a worrying
observation since the series is created from stationary series. Figure 6.8 below shows the plot

of this serie,s and there is evidence of mean reversion over time.
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Figure 6.8: Diagram showing the unexpected inflation series for Nigeria
The series in this section is therefore considered as stationary, like the rest of the other

unexpected inflation series.

Table 6.30 shows the regression results for the relationship between unexpected inflation and
stock markets in Africa. On the basis of these results, unexpected inflation does not have a
relationship with stock markets in Mauritius and South Africa, which would suggest that the
stock market at the month end contains all the inflation expectations. On average, unexpected
inflation accounts for 3% of stock market movements in Botswana, Ghana and Kenya.
Positive and significant results are found in some African countries, which is a worrying
finding in the face of inflation announcement dates and the use of month—end stock market

figure in the ascertainment of the relationship between inflation and stocks.
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Regression Analysis: DS,=c+8DU,

Botswana | Ghana Kenya Mauritius | Nigeria | South Africa
g 1.72 0.89 0.63 -0.23 0.47 -0.20
(0.87)* | (0.33)* | (0.26)* (0.66) (0.20)* (0.85)
R? 0.03 0.04 0.03 0.00 0.03 0.00
F-Statistic 3.88** 7.16* 5.95* 0.12 5.53* 0.06

DS and DU represent monthly stock returns and the unexpected inflation rate
respectively. Standard errors in parentheses below coefficient estimates. A single asterisk
denotes significance at the 5% level and a double asterisk at 10%.

Table 6.30: Regression results for unexpected inflation and stock prices

The concern is rooted in the inference from the above relationship that at month-end stock
markets still have not fully incorporated inflation, despite current research approaches

assuming so.

6.3 Chapter summary

In this chapter the main objective has been to determine the nature of the relationship between
stocks and inflation in the Sub-Saharan context. The journey towards this objective entailed
subjecting stock market returns and inflation time series data to various tests with a view to
determining the nature of stock—inflation relationships. Mindful of the prominence of the
annual inflation rate, another approach involved the ascertainment of the relationship between
annual inflation rate and monthly stock returns in a bid to establish if the prominence of the
annual inflation has a bearing on stock market investor decision in the face of inflation figures.
The final determination was to establish the nature of the relationship between annual stock
returns and annual inflation rate. The long—run relationship in the latter case could only be
determined if the two series were of the same order, and the evidence in most markets
confirms this position. The unit root results for annual stock returns are puzzling, however,

especially since that returns are supposed to be stationary except in markets that exhibit
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bubbles and structural breaks in the series. The existence of structural breaks in the data is
confirmed in the later parts of this chapter, both visually and through the application of the Bai

and Perron (1998; 2003a, b) technique, thus supporting the credibility of the unit root findings.

Cointegration has been used in this chapter to determine the long—run relationship between
inflation and stocks, with the Engel-Granger 2—step model and the Johansen technique the
basis of the analysis. Using the two-step—model, the evidence shows a positive long—run
relationship between stock market prices and the monthly inflation rate for all the considered
African countries. This is in line with the Fisher hypothesis and with the findings of Choudhry
(2001) in similar high inflationary countries. However, for the annual stock returns and the
annual inflation rate the relationship, where the coefficients are statistically significant, this is
negative. To establish the short—run dynamics of these noted long—run relationships, the error
correction model approach was used. This showed the tendency of the variables to bounce
back into long—run equilibrium in the next period in the case of an error in the current period.
This result is encouraging, as it supports the existence of a long—run relationship between

stock returns and inflation.

The problem in using the Engle—Granger technique is that it lacks power in arriving at credible
conclusions, and depends heavily on unit root test, thus placing the reliability of the results on
the power of the unit root tests used. Moreover, this test checks the nature of the relationship
for changes in the current values, ignoring the impact of lagged values of the variable, which
could have an impact several periods later. The full capture of lagged values is contained in a
vector autoregressive system, and the Johansen technique is useful in determining the nature of

long—run dynamics in such a system. Using the Johansen method of cointegration, evidence of
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a long—run relationship was established in only Nigeria and South Africa, with the relationship
surprisingly negative, thus contradicting the results from Engle—-Granger analysis. This
contradiction could be attributed to the composition of the techniques, especially that second
step of the Engle—Granger method, which looks at the current values of the independent
variable while the Johansen technique looks at the VAR system and lagged values. These
findings are unique in that most research has shown a positive relationship when the Johansen
method has been used to determine the nature of stock returns and inflation relationships. The
evidence supports the empirical findings by Proxy hypothesis backers such as Geske and Roll
(1983), Gultekin (1983), Vanderhoff and Vanderhoff (1986), Chang and Pinegar (1987), Kaul
(1987, 1990), Lee (1992), and Lee and Ni (1996); and the following money illusion researchers:
Summers (1983), Ritter and Warr (2002), Asness (2000, 2003), Campbell and Vuolteenaho
(2004), and Feinman (2005). The vector error correction model (VECM) for South Africa and
Nigeria exhibit worrying findings in that the inflation component is positive, reflecting the

exaggeration of the error in the next period instead of a return to equilibrium.

To determine the response of stock returns to inflation innovations, the impulse response
approach to time series analysis was used; this helped to ascertain the one standard deviation
shock to one of the innovations on future and current values of the endogenous variable. The
impulse responses in the first three years are statistically insignificant save for Nigeria, where a
positive response in the first three years is observed. Towards the fifth year all countries
exhibit a positive impulse response. For the annual stock returns and annual inflation rate
relationship, there is evidence for a significant negative impulse response in the first six

months in Botswana, and a positive impulse for Kenya and Nigeria. The impulse response
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results are consistent with the Engle—Granger results noted above, though this method uses a
VAR system. The variance decomposition tools assisted in determining how much of the
variations in the stock returns are explained by inflation innovations. After six months, over
5% of stock returns is explained by inflation innovations in Nigeria and Botswana, and the
result by stock returns themselves. After five years, the variance decomposition results show
that stock prices in Sub-Saharan Africa are explained between 6 and 77% by inflation
innovations. The highest evidence of 77% is noted in Nigeria. The results for annual stock
returns are lower for all countries, indicating that the annual inflation innovations explain less

of annual stock return than monthly inflation explains monthly stock returns.

A relationship between two variables can be affected by the existence of structural breaks in
the time series, which have a tendency to move the series out of equilibrium, thus affecting the
long—run relationship analysis. In this chapter, only one break was sought using the technique
by Bai and Perron (1998; 2003 a, b) which identifies a break in the series automatically. The
identified breaks for the inflation series indicate the influence of economic policy on shifts in
the series, and also the changes in the inflation basket. For Kenya, indications are that the
inflation break was influenced by the change in the reporting of the inflation figures from the
Nairobi consumer price index to a national price index that included evidence from other
towns and the countryside. The stock price break is influenced by monetary policies, especially
those relating to interest rates. Another observation is the existence of breaks around the time
when the countries liberalised their economies, opening up their markets to foreign investors
through the relaxation of either exchange controls or entry requirements. Another effect of

these liberalisation policies was to increase the number of counters in the stock market
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through privatisation of large state—owned companies. Causality tests before and after
structural breaks indicated that the nature of the relationship changed either side of the break
points. For countries where there was no evidence of a long—run relationship using the
Johansen method, the analysis either side of the break points showed support for a
relationship, thus confirming the effect of structural breaks on the nature of stock returns and

inflation rate relations.

Adam, McQueen and Wood (2004) showed that the nature of stock returns and inflation
relations are affected by the state of the economy, be it recession or boom. To determine the
effect of economic state, production figures were used to infer the state of the economy;
however, there was no data in any of the countries except South Africa to carry out this
exercise. The findings in South Africa show that the relationship between stock returns and
inflation is negative when the economy is in either boom or recession. This evidence could be
reflective of Fama’s proxy hypothesis, which equates the nature of stock—inflation relations to
the inferred relationship between the two variables and economic activity. Further analysis,
however, fails to support the notion that the relationship between stock prices and inflation is

dependent on that state of the economy, since the results are not statistically significant.

A worrying finding presented in this chapter is the statistically significant relationship between
stock market returns and unexpected inflation in Botswana, Ghana, Kenya and Nigeria. This
relationship implies that at month end the stock market prices might not have captured all
information on the inflation rate. Since the inflation rate is not announced until after the 10"
of each month in all countries, month—end figures are used on the understanding that by then

stock market figures would have incorporated information about the rate of inflation. The
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existence of a relationship between unexpected inflation and stock market returns is an
important indicator for the robustness challenges that are presented by the use of month—end
inflation figures as if the announcement occurs at the end of the month. Evidence by Adam,
McQueen and Wood (2004), which shows that stock market prices react to economic variable
announcements and inflation in particular, indicates that results for the relationship between
stock returns and inflation could be best reflected by the use of announcement date stock
market prices instead of month—end data. Unfortunately, this issue was not addressed in this
chapter owing to data availability constraints; thus it is an area for future research and could be
the cog that reconciles the contradictions in the literature around the analysis of the stock-

inflation relationships.

6.4 Conclusion

In summary, this chapter confirmed the existence of a relationship between stock returns and
inflation in Africa. The nature of the relationship was confirmed as positive using the Engle—
Granger 2-step method, but this was not supported by the Johansen cointegration technique,
which found a negative relationship in South Africa, Nigeria and Botswana (after accounting
for the existence of structural breaks). This inconsistency is rooted in the power of the
methods used and the components of the variables considered by each technique. The effect
of structural breaks in the relationship was also confirmed; this has the potential to affect the
causality direction and therefore the nature of the relationship. Unexpected inflation is found
to have a relationship with stock returns, and this raises questions about the use of month—end
stock data. Since this relationship confirms that stock prices would not have captured all

inflation expectations at month end, then expectations are that stock prices would move at
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announcement date or between month end and such announcement date. The direction of the
movement will be influenced by whether the inflation rate is above or below the market
expectations. Further research is required that looks at the long—run relationship using data at
inflation announcement dates to increase the robustness of results that look at the relationship.
The findings in this chapter also call for a set approach in ascertaining the nature of the
relationship. Thus there is a need: to determine if the relationship is sought at the short or long
term; to ascertain the existence of structural breaks in the data, particularly where a long—run
relationship is not established; and to determine the existence of a relationship between

unexpected inflation and stock returns with a view to confirming the robustness of the results.
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CHAPTER SEVEN

THE IMPACT OF INFLATION ON STOCK PRICES IN SUB-
SAHARAN AFRICA: ANONPARAMETRIC APPROACH

7.0 Introduction

The previous chapter looked at the relationship between inflation and stock returns on the
assumption that the underlying dynamics of these series are in linear form or could easily be
transformed to a linear form. The methods used in the chapter were based on the error
correction mechanism following a linear path, with assumptions that the speed of adjustment
is constant, thus meaning that reversion is detected through linear models. The problem with
this view, however, is that it assumes that all levels of inflation shock will generally trigger a
similar stock market response and therefore low or high inflation results in either a good or
bad response, depending on the calculated generalised overall reaction for all data. This
assumption of the linear paradigm is reflective of the utopian data analysis approach and the
over—generalisation of variable relations which led to bitter rivalry between Fisher and Pearson
in the 1920s. The evidence of structural breaks noted in the last chapter brings to the fore the
questions about the use of orthodox linear models in inflation—stock relations in Africa,
particularly with regime—switch indications. Though Fisher’s linear paradigm, which has been
transformed in recent years, continues to be used as a yardstick to variable relationship,
analysis it is now inconsistent with empirical evidence that has shown cases of nonlinearity,
especially between stocks and economic variables (McMillan, 2001b; Maghyereh, 2006). Given
these concerns, that question the robustness of earlier results, this chapter explores the

existence of a nonlinear relationship between inflation and stocks despite the poor efficiency
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assertions made by Fisher about this approach (Hardle, 1990). The expectations from the
chapter are the appreciation of the reaction of stocks to different levels of inflation, thus
rejecting or confirming a uniform response of the former to the movements of the latter. In
addition, the chapter explores the long—run relationship between the two variables using a
nonparametric technique, since the Johansen cointegration method is considered insufficient in
detecting long—term relations in nonlinear cases, as it presents a misspecification problem
when the true nature of the adjustment process is nonlinear and the speed of adjustment varies

with the magnitude of the disequilibrium (Coakley and Fuertes, 2001).

The arguments concerning nonlinearity started with evidence of business circle asymmetries
(Mitchell, 1927; Keynes, 1936; Blatt, 1980), with Neftci (1984) noting that such evidence in
macroeconomics data is incompatible with linear, VAR-type data generation. Keynes (1936) in
particular noted that the substitution of a downward for an upward tendency often takes place
suddenly and violently, whereas there is no such sharp point when an upward is substituted for
a downward tendency (Hicks, 1950; Neftci, 1984). This observation therefore calls for the
separation of data to reflect different regimes, particularly if such data spans many regimes. If
not separated, the effect of structural changes and regime transformation could compromise
the accuracy and reliability of linear estimates. According to Neftci (1984), the question here is
whether these asymmetric drops or rises invariable movements occur systematically enough to
be counted as part of the probabilistic structure of the economic time series. If it is not
accounted for, then the reliability of the results will be compromised unless techniques that

generate asymmetric behaviour endogenously are used.
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The existence of business cycles which confirmed the nonlinearity paradigm in econometric
analysis then triggered a new dimension in time series research, which shifted to testing for
nonlinearity (Hinich, 1982; Brock et al., 1987) to determine a pattern of dependence not
characteristic of linear models. Brock et al.’s (1987) paper presented a test of dependence that
can be applied to the estimated residuals of any time series model that can be transformed into
a model driven by independent and identically distributed errors. This method, which can be
viewed as a nonlinear analogy of the Box—Pierce Q-statistic used in the ARIMA analysis, can
thus be used as a model selection tool as well as a specification test (Brock et al., 1987). Further
support for this new dimension to time series research is noted by Hamilton (1989), who states
that a variety of parameterizations for characterising nonlinear dynamics have been proposed,
which produce evidence that departs from linearity as an important feature of many key
macroeconomic series. In his study, which approached nonlinearity by using Goldfield and
Quandt’s (1973) Markov switching regression to characterise changes in the parameter of an
autoregressive process, Hamilton noted the following studies which established nonlinearity:
bispectral analysis of Hinich and Patterson (1985); Sichel’s (1987) documentation of business
cycle asymmetries; the ARCH-M model of Engle, Lilien and Robins (1987); Stock’s (1987b)
trim transformation; Gallant and Tauchen’s (1987) semi—nonparametric approach to modelling
dynamics; Quah’s (1987) ‘clinging’ process; and Chaos models by Brocks and Sayers(1988).
Testing for nonlinearity of macroeconomic data also meant there was need to develop
estimation models that will be used with the data found to be nonlinear. Thus the Markov
switching model (Hamilton, 1989), threshold autoregressive models (Tong, 1990), the Hansen

and Seo (2002) threshold error correction model and related models were developed.
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In this chapter, however, none of the above nonlinear approaches and tests will be considered.
This decision is not a reflection of confidence or lack of it in these approaches, but is purely
related to the availability of technical software to determine nonlinearity. To determine
nonlinearity, the Nadaraya—Watson nonparametric kernel regression is used with innovations
by Epanechnikov considered for this approach; this will be outlined in detail in the next
section. As for the long-run relationship between inflation and stocks, the chapter uses a
nonparametric cointegration technique by Beirens (1997) to ascertain nonlinear interaction.
According to Abhyankar et al. (1997), until recently movements in stocks were taken to be
stochastic, if not actually a random walk, and this assertion was unchallengeable because of the
consistency with the efficient market paradigm. However, there is now broad consensus for
the proposition that the return process is characterised by a pattern of nonlinear dependence.
As for the relationship between inflation and stocks, this has been found to be nonlinear,
theoretically (Boyd et al., 1996) and empirically (Barnes et al., 1999; Boyd et al., 2001; Liu et al.,
2004; Maghyereh, 2006). Maghyereh (2006) noted that the rationale for nonlinearity is due to
the existence of market frictions and transaction costs, which may prevent agents from
adjusting continuously, leading to discrete adjustment processes and thereby mean-reversing
the relationship. This chapter will therefore seek to ascertain the existence of nonlinearity in
inflation—stock relations and to see if results from this approach will be different from the

evidence contained in Chapter 6.

The chapter is organised as follows: Section 7.1 looks at data and kernel regression results

while Section 7.2 considers the nonparametric cointegration results before Section 7.3 presents
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the conclusions of the chapter with recommendations for future research as well as investor

strategies.

7.1 Data and empirical results

The empirical plot results for each country are presented here after conducting a series of
nonparametric regressions in line with the Kernel specifications detailed above. The results
have been subdivided into two subsections, one detailing the relationship between levels of
monthly inflation and monthly stock returns. The analysis of this relationship is important to
short—term investors and speculators who wish to make gains based on short time-frame
movements. The other subsection looks at levels of year—to—year inflation, comparing these
with annual stock returns. The year—to—year inflation considers the changes in the inflation
index this year compared to last year as a percentage and is the rate of inflation mostly quoted
by economists and policymakers. To ensure this rate analysis measures up to a comparable in
stocks, the annual stock returns are considered here. The use of annual returns in this analysis
shifts the interest of the findings from an ordinary stock investors to medium- to long—term
investors whose investment strategies are rooted in the long—term benefits of chosen

investment vehicles.

7.1.1 Monthly inflation and stock returns

Figure 7.1 shows the different country stock responses to inflation; none of the plots indicate
any form of linearity in the relationship between inflation and stock levels. In fact, there seems
to be evidence that the relationship between stocks and inflation depends on the level of
inflation; thus the range of inflation levels could support limited linear reaction. The empirical

evidence from the Botswana data shows a U-shaped interaction between inflation and stock
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levels and, apart from the outlier to the right of the diagram, higher monthly inflation figures

are met with high stock returns. There is a horizontal regime around the mean inflation rate of

0.66%, with levels below this figure relating better with higher monthly stock returns than with

the mean rate.
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Figure 7.1: Kernel regression plots for monthly stock—inflation relations
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The case of Ghana is similar to that of Botswana when one looks at higher monthly inflation
levels; however, below the mean and into negative inflation, monthly stock returns approach
negative levels. Around the mean inflation rate in Ghana there is a horizontal regime but no
sharp increase thereof until inflation rate levels are beyond 4%. The horizontal regime around
the mean inflation also occurs when one looks at the evidence from all the other countries
except Mauritius, where such regime occurs below this statistic. Despite the resemblance in the
evidence from other countries, there are some differences in the experiences before and after
the mean inflation levels. Firstly, the Kenya experience has some semblance to the Botswana
case immediately before and after the mean inflation rate, but at inflation levels beyond 6% the
stock return levels start to drop until around the 8% inflation rate, after which a horizontal
regime is re-established. Also, below negative 3% the return which had been increasing below
the mean inflation rate begins to fall. The Kenya evidence may suggest that the same could

have happened with the Botswana relationship had the data recorded larger negative values.

Secondly, the Mauritius empirical evidence, which exhibits mixed results before and after
inflation mean level when compared with the above cases, has a more complex structure, with
many inflation range levels attracting conflicting stock return regimes. Below the mean, the
returns drop slightly before they attract a horizontal regime, then a rise in stock return levels
below negative inflation rates. Also, above the 1% inflation level there is a drop in stock
returns into negative values, but this is corrected after the 2% inflation rate level, where a
positive slope regime is noted, underlying the complex nature of the relationship. While the
initial drop before 2% could highlight market uneasiness with increased inflation rate beyond

the 0.49% mean rate, the reaction above 2% cannot confirm this conclusion. However, the
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market could feel the increased inflation beyond this level, is unsustainable and thus
expectations of a fall in the inflation level since this level is far from the norm/mean. The
expectations of a fall in inflation then attract higher returns, since stock return levels close to
the inflation mean are higher than what obtains around 2%. Another similar reaction after the
mean is found in the Nigeria case which, however, has a horizontal regime around the mean.
Negative inflation levels are met with negative stock returns in this case, and before the 4%
inflation level. One could conclude that there is a generally positive relationship between stock
and inflation levels which is momentarily lost between the 4% and 8% inflation levels. The
South Africa case reveals another complex inflation range regime, with conflicting stock level
reactions, starting with a local return climax around the mean inflation level. Immediately
before and after both sides of this horizontal mean inflation level regime there is generally a
drop in stock return levels and, similar to both the Nigeria and Mauritius cases, the drop lasts

for a while before a rise in returns.

The analysis provided above is a detailed graph specification which ensures maximum use of
the space provided within the diagram frame, and might in some cases exaggerate small
changes whose overall impact on the trend is insignificant. Unfortunately, the diagrams
contained in Figure 7.1 could not be drawn to a similar scale owing to the different inflation
ranges and levels in each country; therefore the actual general movement contained here is
specific to each country. Figure 7.2 below presents the same diagrams, but this time the stock
return levels have been standardised for all the diagrams in a bid to ascertain a more general
implication of inflation levels to stock return in the considered countries. Again, this approach

has its own disadvantages in that it assumes homogeneity in the acceptance of different return
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levels; also, the countries with fewer return jumps will be disadvantaged in the analysis. Despite

these concerns, the diagrams provide an interesting dimension to the analysis. If the odd out of

line changes are ignored, the diagrams for South Africa and Nigeria show a positive linear

interaction between inflation and stock levels.
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This finding could explain why there was confirmation of a linear long—run relationship in the
previous chapter. The diagrams for the other four countries are not too dissimilar to what

obtains in Figure 7.1 and the explanations thereof.

7.1.2 Year—to—year inflation and annual stock returns

This section looks at the annual inflation—stock relations, with Figure 7.3 presenting the results
of the Kernel regression based on the Nadaraya—Watson specification, with the optimal kernel
based on the Epanechnikov (1969) kernel described in the methodology chapter. The results
show different annual stock return responses to levels of the inflation rate. Apart from the
Nigerian and Kenya cases, there is no evidence from these results that assists an analysis of
how annual stock returns would react to negative year-to—year inflation rate. Despite this,

further inferences can be drawn from the South Africa and Ghana diagrams.

An inflation rate over 11% in Botswana attracts higher annual stock returns, but the rate of
increase slows down beyond the 13% annual inflation rate. Concerns about stock return being
a hedge against inflation or getting positive real annual stock returns may therefore start to
worry investors as inflation approaches the hyper stage. Between 5% and 11% inflation rate
levels, there is no consistent evidence as to which levels stock return would reach. Mauritius
follows a slightly similar trend to that obtaining with Botswana, because levels of inflation
beyond 7% are met with higher annual stock returns, but the increase in the returns slow
beyond the 11% inflation level. A horizontal regime is attained around the 5.8% mean inflation
rate, and this attracts a positive 10% annual stock return in the Mauritius case. Beyond this

mean annual inflation rate and between the 7% and 8% inflation rates, the levels of stock
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return fall to a negative, possibly demonstrating the lack of confidence in the market beyond

an industry—accepted inflation mean as explained earlier.
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Figure 7.3: Kernel regression plots for annual stock—inflation relations

This evidence is also reflected in the Botswana results, where inflation levels beyond the mean

annual inflation of 8% attracted a sharp fall in annual stock return, which fall reached a near
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zero return. The Ghana evidence presents a headache for long—term investors when inflation
goes beyond a 45% level. This concern is rooted in the confirmation that, on average, inflation
beyond the mean level of 20% attracts decreased annual stock return levels, and after 45%
content returns are attained in the face of high inflation rates. This observation points to the
earlier submission on eroded real stock returns, but in this case there is more certainty that
negative annual stock returns obtain in Ghana when inflation reaches and stays at hyper levels.
Interestingly, though, the above mean annual stock returns of 28% in Ghana are reached when
inflation levels are as high as between 15% and 25%, which range is at the foot of the hyper
inflation level and indicates a 3-13% real stock return. The South Africa case presents
evidence similar to that of Mauritius and Botswana save for the lower level inflation, which in
this case attracts lower stock returns. Below a 2% inflation rate there is evidence that the
annual stock returns in South Africa begin to fall. Similarities, with that of Botswana, are the
horizontal regime around the mean annual inflation, which is 8% for South Africa. Beyond this
level there is a sharp fall in stock returns to negative returns at 11.5-12% annual inflation

levels.

The Kenya inflation—stock return level relations are more linear than the rest, with mean level
inflation rate attracting a horizontal regime beyond which high levels of inflation draw high
annual stock returns. Another horizontal regime obtains at the foot of hyper inflation between
25% and 35% inflation levels and, unlike the Ghana case, when inflation is hyper higher levels
of annual stock returns are experienced in Kenya. When the inflation level is below 5% in
Kenya it becomes more likely that annual stock return levels will be negative. The final case to

be reviewed here is Nigeria, where a mean annual inflation rate of 21% does not attract a
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horizontal annual stock return regime. Inflation below a 5% level results in stock returns that
approach the zero level. When the inflation level reaches hyper stage, there is a sharp turn and
fall in stock return level response but this creates a U-shape between 35% and 55% inflation

levels, after which increased hyper inflation results in decreased annual stock return levels.

The above evidence dismisses any notion that there is a linear relationship between the annual
inflation rate and stock returns, since levels of inflation are met with inconsistent levels of
stock returns. In fact, an increase or decrease in the inflation level does not result in a
consistent response in stock returns, but stock return reactions are sensitive to particular
country—specific inflation levels or ranges and could therefore signify some form of threshold

effect and, indeed, nonlinearity in the relationships.

7.2 Nonparametric cointegration results

Now that the Kernel regressions have confirmed the existence of nonlinearity in stock—
inflation relations, the next step is to determine if this is in the long run. This subsection
therefore presents the results of the nonparametric following the Bierens (1997) technique.
The Bierens method, which was described in detail in the methodology chapter, is ideal for
detecting cointegration in nonlinear variables. Having confirmed a long—run relationship
between stocks and inflation in the case of South Africa and Nigeria using Johansen’s
cointegration method, this subsection pays particular interest to the results in countries where
such linear long—run interaction was rejected. All the countries will be considered here for the

nonparametric tests, even where the Johansen technigue confirmed cointegration.
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The subsection considers three sets of series in the analysis: first, the data for the whole of the
sample period; second, the series before the first structural break; and third, the series after the
last break. The first break point is determined by the series which had the first structural break
between stocks and inflation, while the last considers the other break point. The main problem
with using these two set of series is that the number of observations become so low that
carrying out cointegration analysis compromises the robustness of the results. However, since
there are no guidelines relating to what constitutes long enough a series to perform
cointegration, the classical 30 minimum observation will be applied for the nonparametric
cointegration. These subsets, however, omit the data between the two break points because of
limited observations to carry meaningful analysis in most countries. The rationale behind
taking two subsets before and after the breaks is rooted in the belief that a regime change
could have been the result of some underlying influences which had discouraged or

discourages the confirmation of a long—run relationship before or after the break respectively.

For the whole dataset, the Bierens approach employs two statistics to determine cointegrating
rank r, which were defined earlier in the methodology chapter: the A, andg,,(r,). Table 7.1
below presents the results. The Null hypothesis for r = 0is rejected in Botswana, Ghana and
Mauritius on the strength of the A . statistic values. The A_. statistic is, however, not able to

reject the Null hypothesis forr = 0 in the analysis of the relationship in South Africa, Nigeria
and Kenya. These results indicate that there is at most one cointegrating vector between stock
prices and inflation where r = 0 was rejected. The empirical evidence from Ghana, however, is

at the 10% level, while Botswana and Mauritius statistics are significant at the 5% level. The

d,,(ry) column further confirms these results with the highlighted figures, which are the
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smallest within the three figure columns, indicating the cointegrating ranks r, = 0,1,2. Where

there is at most one cointegrating rank, the highlighted figure corresponds to r, =1 and this

obtains even in the Ghana case where the g, (r,) statistic was significant at the 10% level.

;vmin
Ho: f/= (1 -
r=0/r=1 gm(ro) 1)
Country r=1/r=2 re=0,1,2 p Amax
Botswana 0.00003* 3.10E+05
0.58331 1.676E-01 (1 0.079) 3.19**
1.01E+03
Ghana 0.00259** 2.45E+03
0.15760 6.19E+02 (1 0.275) 34.15
5.78E+05
Kenya 0.09570 1.24E+01
0.63442 8.32E+03
1.39E+08
Mauritius 0.00005* 1.84E+11
0.34857 7.89E-07 (1 0.010) 2.24*
1.70E-03
Nigeria 1.28099 3.87E+01
1.08528 7.59E+02
3.09E+07
South Africa 0.01382 4.06E+02
0.33298 1.27E+03
8.03E+06

10% level.

A single asterisk (*) denotes significance at the 5% level and a double (**) is at the

Table 7.1: Bierens nonparametric cointegration test results for the whole sample

Interestingly, the Johansen method had rejected cointegrating rank in the three counties where

the Bierens technique has confirmed the existence of long—run stock—inflation relations. These

findings are contrary to current literature views, which indicate that the Bierens method

complements Johansen’s technique by establishing nonparametric cointegration in nonlinear

combinations rather than conflicting with it. Bierens’ (1997a), who used a linear Error
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Correction Model when carrying out Monte Carlo simulations, showed similar results from
both methods (Coakley and Fuertes, 2001) and these were further confirmed by Kanas (1998).
These results are not unigque, however, to this research because Coakley and Fuertes (2001)
also report a discrepancy between the findings from the Bierens and Johansen cointegrating
techniques. They attribute these conflicting results to the misspecification problem in the
standard linear cointegrating framework which are unable to detect linearity when the
adjustment process is nonlinear and the adjustment speed varies with the magnitude of the

disequilibrium.

The A, statistic, whose values are in the last column of Table 7.1, help to ascertain if the

cointegrating vector 8’ = (1-1) could be rejected or not through imposing a rank of 1 and
testing the resultant linear restriction. The trace test results show that the linear restrictions in
the cointegrating system were able to reject the Null hypothesis at the 5% level for Mauritius
and at 10% for Botswana, implying that the g’ =(1—1) cointegrating vector is a vector that
can span the cointegrating space (Davradakis, 2005). The null cannot be rejected in the Ghana
case at both 5% and 10% significance levels; thus there is no evidence of a long-run nonlinear

relationship between stocks and inflation in this case.

Table 7.2 shows the results for the data series before any of the breaks. The results are
interesting especially those confirming nonparametric contegration on this segment in all
countries considered except Ghana. The Nigeria lambda-min statistic is significant at the 10%

level, while for Botswana, Kenya, Mauritius and South Africa it is significant at the 5% level.

Again, g, (r,) confirms these findings, with the lowest figure corresponding to r, =1.
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;vmin
r=0/r=1| gm(ro) Ho: /= (1-1)
Country r=1/r=2| ry=0,1,2 p Amax
Botswana 0.00008* 1.19E+07
2.13577 2.24E-04 (1 0.0310) 6.15
1.23E+01
Ghana 1.08889 7.06E-01
1.55116 1.29E+04
6.80E+08
0.01069* 3.52E+02
Kenya 0.97202 7.51E+00 (1 -0.0960) 9.25
1.77E+04
0.00005 1.07E+07
Mauritius 0.0774* 8.11E-02 (1 -0.0554) 4.70
2.52E+00
0.02039** 7.84E+05
Nigeria 0.60313 8.76E-03 (1 0.0261) 5.01
7.97E+00
0.00000* 5.60E+08
South Africa | 0.42024 5.54E-05 (1 0.0537) 2.89
5.36E-02
A single asterisk (*) denotes significance at the 5% level and a double (**) at the
10% level.

Table 7.2: Bierens nonparametric cointegration test for the sample before the breaks
These findings imply that stocks and inflation had a nonparametric long run relationship
before the break points. The only problem with these results, as indicated above, is the lack of
robustness given the number of observations considered. Table 7.3 shows the number of

observations for each country using the break points presented in the previous chapter.

Botswana | Ghana | Kenya | Mauritius | Nigeria | South Africa

Whole sample 134 195 205 134 187 240
Before 1% break 76 149 51 73 51 87
After 2" break 24 30 34 27 122 30

Table 7.3: The number of observations for each country
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Kenya and Nigeria, with 51 observations for the period before the break, are the main
concern, but so are Mauritius, Botswana and South Africa with fewer than 100 observations.
Bierens proved anything above 100 to be adequate for this test when he made simulations, and
thus confirmed that the lambda-min test might exhibit a low power for small samples
compared to Johansen’s lambda-max test (Davradakis, 2004). This explanation falls short,
however, when the Ghana evidence is considered, especially since the observations here are
above 100 and constitute the majority of the whole sample period which found a nonlinear

long-run relationship.

For the sample period after the break, only two cases are considered whose data series have
more than 30 observations, in line with the classic acceptable number of observations. There is
confirmation of a long—run relationship between stocks and inflation in Kenya, while the
Nigerian experience shows no evidence of nonparametric cointegration. Lambda-max also
shows that after the last break in Kenya there is evidence of a nonlinear interaction between

the variables.

Bierens nonparametric cointegration test for the sample after the breaks
;vmin
Ho: /= (1-
r=0/r=1 Om(ro) 1)

Country r=1/r=2 r=0,1,2 A Amax
Kenya 0.01322* 3.88E+09

0.07498 5.00E-05 (1 0.4918) 1.08
3.06E-04
Nigeria 0.01585 1.39E+03

1.48133 4.79E+00 (1 0.0042) 12.07
1.54E+05

A single asterisk (*) denotes significance at the 5% level and a double (**) at the 10%
level.

Table 7.4: Bierens nonparametric cointegration test for the sample after the breaks
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The number of observations in the Kenya case could explain the distortions between the
findings in Tables 7.1, 7.2 and 7.4, especially since the rest of the observations were left out in
the last two analyses. Moreover, the distortion could be explained by Hubrich, Lutkepohl and
Saikkonen (2001), whose review of cointegration tests found the Bierens test to have little

power in typical sample sizes (Cushman, 2003).

7.3 Conclusions

The main objective in this chapter was to ascertain if the relationship between stocks and
inflation is nonlinear, in a bid to determine the robustness of the findings of the last chapter.
The inability of the Johansen technique to confirm a long—run relationship in most countries
except South Africa and Nigeria prompts investigation into the nature of the data—generating
processes of the variables in these countries. This investigation is based on the fact that the
Johansen method, which promotes the linear paradigm, has been proved not to produce
credible results where the data—generating process of variables involved is nonlinear. In this
context, the first part of the empirical analysis sought to establish the linearity of the stock—
inflation relationship through the Kernel regression procedure and using the Nadaraya—
Watson approach. The findings from this process confirm nonlinearity in the four countries
where the Johansen methodology failed to establish a long—run relationship between stocks

and inflation.

The Nigeria and South Africa cases, which had favourable linear cointegrating results, looked
nonlinear when the initial nonparametric analysis was carried out, but failed to produce

conclusive evidence when the robustness of the findings was put to test; thus they cannot be
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considered nonlinear with confidence. While the linear outcomes provide consistent results in
the interaction of the variables, the Kernel process offered interesting observations on the
nature of the reaction between the variables. In particular, there is a horizontal regime around
the mean inflation rate; thus stock return levels just before or after such statistics tend to be
constant. This finding implies market homogeneity in return expectation and achievement on a
particular range of inflation levels, which undermines the contribution of other factors to stock
movements unless one assumes that these factors affect both variables simultaneously. The
other finding of note is the conflicting reaction of month—-to—month and year—to—year,
especially beyond the inflation mean value. For the month-to-month cases, stock returns tend
to increase just after the horizontal mean regime, while it decreases in the year—to—year case.
The rationale for this is that increases in monthly inflation prompt a reactive central
government intervention through a decrease in interest rates, which in turn results in short-
term investors dropping a bond investment strategy for one dominated by stocks. On the
other hand, annual stock returns are driven by long—term government strategies rather than
reactive policies, and the fact that one month’s returns are compared to the previous year’s
suggests a staged reaction to policy changes. The above submission is further supported by the
evidence that further increases in year—on-year inflation levels towards maximum figures
attract high annual stock returns. Deflation results in low stock returns in general, with two
countries showing increased returns. The contradiction is caused by the lack of more negative
data to provide a more conclusive interpretation, but where the figures are negative the above
interpretation involving stocks, interest rates and inflation could justify the levels of return. It

is not surprising, though, that deflation occurred in Botswana and Mauritius, where
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government policies tend to be more proactive; thus their reaction to negative inflation is to

look at broader long—term inflation strategies thereby ignoring a quick—fix short—term strategy.

Establishing nonlinearity in stock—inflation relations implies that the use of the Johansen
technique in determining long—run dynamics would not produce reliable findings; thus an
appropriate nonparametric cointegration was used. Evidence in Botswana, Ghana and
Mauritius confirmed nonparametric cointegration. Interestingly, the results from the linear
cointegrating methodology had failed to substantiate the long—run stock—inflation relations.
Furthermore, there is confirmation that the Botswana and Ghana stock—inflation long—run
relations over this sample period are, in fact, nonlinear, which result complements the
submission from the Kernel regressions. The rationale to these findings and the existence of a
nonlinear relationship is rooted in the presence of market friction and transaction costs

(Davradakis, 2004; Maghyereh, 2006).

However, these findings failed to back-up Bierens’ (1997) Monte Carlo simulation findings that
his technique does not replace the Johansen method but complements it where nonlinearity is
established, because no nonparametric long—run relationship could be supported in South
Africa and Nigeria. These are the two countries where the linear cointegration had found real
stock return adjustments, as noted in the previous chapter. This contradiction is not new;
recent research has also reflected these results and attributed them to low power challenges of

Bierens’ technique, especially where there is a small sample size.
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To determine the sensitivity of stock—inflation relations to break point and regime changes
within the nonparametric framework, the data was subdivided, with tests carried out before the
first break and after the second break. A long—run relationship could not be confirmed in only
one country when data before the break was taken into consideration. Given earlier
conclusions, these results provide a new dimension in the analysis in that the linearity of the
data is limited to the full sample period, and segmenting this presents pockets of nonlinearity
which could be determined by the fundamental variable drivers. Though the robustness of
these results can be challenged, given the sample size, they still complement earlier findings
which confirmed the sensitivity of the long—run relationship to structural breaks and regime

shifts.

The recommendations from this analysis indicate the need for investors and policymakers to
understand the interaction between inflation and stocks in their country. Such analysis should
initially be centred on the linearity of the variable interaction to equip these groups of people
with appropriate tools to further understand the long—run relationship. Using either linear or
nonparametric approaches without this understanding will compromise the reliability of their
results and, where forecasting is to be carried out, spurious results may be achieved. From an
investor’s viewpoint, the results help shape short-and medium—term investment strategies in
the face of forecasted inflation levels, thus providing a platform for above—average returns.
Further research also needs to be carried out to ascertain the reasons for the differences in
results produced through using either the Bierens technique or the Johansen method,
especially when the variables are linear. Finally, the nonlinear interaction between stocks and

inflation needs to be explored in the face of new robust econometric techniques.
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CHAPTER EIGHT

CONCLUSIONS AND RECOMMENDATIONS

8.0 Conclusions

This chapter concludes the thesis by summarising the findings and discussion areas for further
research. Evidence in this thesis provides grounds for the acceptance of the thesis hypothesis
that there is a relationship between inflation and stock returns in Sub-Saharan Africa. In line
with fulfilling the objectives of this research, the following are the main contributions to
current literature: first, the study provides evidence of the nature of stock—inflation relations in
the African context. Second, in light of the different issues that can influence the nature of the
relationship between stock returns and inflation, this thesis proposes steps that form a
checklist for reliable and credible findings. The production of a checklist is influenced by the
impact of the following factors in the relationship of the variables: existence of structural
breaks, linearity of the relationship, the length of data considered in the analysis, and the use of
month-end stock market price data to arrive at findings. Third, for the first time, the thesis
provides evidence that official inflation rates in Africa are not accurate, given the presence of
hidden inflation. Fourth, when forecasting inflation in Africa, multivariate models that
incorporate lagged values of the inflation rate are better than univariate models. Further details
on the main thesis motivation, its hypothesis development and insights are summarised in
Section 8.1, while Section 8.2 looks at the research implications of the thesis findings and how
African countries could benefit from the research findings. Section 8.3 describes further
research areas that could be considered beyond this thesis.

8.1 Research findings

This thesis started by exploring the hypothesis that stock market returns have a long-run

relationship with the inflation rate in Sub-Saharan Africa. The journey towards answering the
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thesis hypothesis started with a comprehensive search of the literature in stock—inflation
relations, and this showed that there are three main theories to explain the nature of the
relationship. The initial theory sought to justify the whole essence of investment, that it ought
to be protected against inflation lest real investment returns are eroded over time; hence the
expectation for a positive relationship. However, this seemingly plausible justification failed
empirical tests that showed a negative relationship between stock returns and inflation. Many
explanations have been offered to date, but two still stand out: the proxy hypothesis and the
inflation illusion hypothesis. The proxy hypothesis attributes the negative relationship to an
inferred association between economic activity and both stock returns and inflation. The
relationship between economic activity and stock returns is considered positive, while inflation
and economic activity were empirically shown to be negative. These two opposite relations are
thus the justification for the negative relationship, with a direct association ruled out by the

proxy hypothesis.

The other explanation for the negative stock—inflation relations is offered by the inflation
illusion hypothesis which states that the negative relationship is due to the failure by investors
to understand the effect of inflation on nominal dividend growth; rates thus they extrapolate
historical nominal growth rates during the period of inflation. Another interesting discovery
from the review of the literature showed that inflation can be induced by a variety of different
shocks since it is a product of a reactive and proactive government policy, and these have
distorted the credibility of the above theories on stock—inflation relations. Furthermore, these
theories have been affected by the existence of different results in time, geographic and

economic settings. In harmony with the above justification of the thesis hypothesis, indications
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from the review are that different economic regimes and structural changes are pivotal in
explaining the nature of the relationship; hence it will be sensitive to the period considered in
the analysis and the economic regime of a particular country. The review also showed that
literature on the relationship in the African context has been limited. This study therefore
provides an insight into the relationship in settings not studied before, those that are

dominated by predominantly young and small stock markets.

To empirically answer the thesis hypothesis, cointegration was used to determine the long—run
relationship between inflation and stock returns, with the Engel-Granger 2—step model and
the Johansen technique forming the basis of the analysis. Using the 2—step model, the evidence
shows a positive long—run relationship between stock market returns and inflation for all the
African markets studied. Despite these plausible results that support the Fisher hypothesis, the
Engle—Granger technique only checks the nature of the relationship for changes in the current
values, ignoring the impact of lagged values of the variable, which values could have an impact
several periods later. The full capture of lagged values is contained in a vector autoregressive
(VAR) system, and the Johansen technique is useful in determining the nature of long—run

dynamics in such a system.

Using the Johansen cointegration methodology, evidence in Africa also supports the
hypothesis for a relationship between stock returns and inflation, particularly in the South
African and Nigerian markets. However, an interesting finding in this study is the fact that
stock markets and inflation experience different regimes that are influenced by local and

international conditions. Thus, indications are that treating the relationship without accounting
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for these regimes has the tendency to distort results. When structural breaks in the data were
accounted for, the evidence for a long—run relationship, using the Johansen technique in
Botswana, Ghana and Kenya, was confirmed. To further support the effects of structural
breaks on the nature of stock—inflation relations, Granger causality tests before and after the
break showed a change in the direction of causality indicating that the relationship varies over
time and, depending on the period tested, could reflect different results in the short-run, a fact
also noted by Anari and Kolari (2001). These results add to the current literature and debate by
providing the rationale for the differences in findings between short-run and long—term

findings.

The evidence of the existence of different regimes in the data raised questions about the
linearity of the data, and the credibility of the results if linear methods are used when the data—
generating process of variables involved is nonlinear. This thesis then examined the linearity of
the relationship between stock returns and inflation using the Kernel regression procedure as
well as the Nadaraya—Watson approach. The results confirm nonlinearity in the four countries
where the Johansen methodology failed to establish a long—run relationship between stock
returns and inflation. These findings could explain why the Johansen technique failed to
establish a long—run stock—inflation relationship, since the method is more reliable when the
data generating process is linear. When an appropriate nonparametric cointegration was used
to establish a long—run relationship between stock returns and inflation, the evidence
confirmed this relationship in Botswana, Ghana and Mauritius, these being the countries where
the linear cointegrating methodology had failed to substantiate it. The rationale for these

findings and the existence of a nonlinear relationship is rooted in the presence of market
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friction and transaction costs (Davradakis, 2004; Maghyereh, 2006). The nonlinear result
further adds to the current debate on the relationship between stock returns and inflation in
that where a relationship cannot be confirmed using linear methods, linearity of the data
generating process should be checked, and nonlinear long—run techniques used to verify the

existence of a relationship.

A worrying finding in the inflation—stock relationship is the statistically significant relationship
between stock market prices and unexpected inflation in Botswana, Ghana, Kenya and
Nigeria. This relationship implies that, at month end, stock market prices might not have
captured all information on the inflation rate. Since the inflation rate is not announced until
the after the tenth of each month in all countries, using month-end figures is on the
understanding that, by then, stock market figures would have incorporated information about
the rate of inflation. The existence of a relationship between stock prices and unexpected
inflation is an important indicator for the robustness problem that are presented by the use of
month—end stock market figures as if the inflation rate announcement occurred on that date.
Evidence by Adam, McQueen and Wood (2004) that stock market prices react to economic
variable announcements, in particular to inflation announcements, indicates that results for the
relationship could be best reflected by the use of announcement date stock prices data rather

than month—end data.

To further support the thesis aim that sought to prove the research hypothesis as well as
answer research questions, several objectives were considered, some of which have been

fulfilled in the conclusions presented above. Another objective was to ascertain the accuracy of
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inflation figures in Africa, given that household surveys, which provide the basis for inflation
baskets are carried out more than five years apart. The research found enough evidence that
announced official inflation figures are understated owing to the existence of hidden inflation.
Thus the findings question the accuracy of the figures in Kenya, Mauritius and Zimbabwe. In
particular, the statistically higher increases in food inflation, which constitutes the largest
component of the inflation basket, is worrying, especially since most countries in the continent
only change their weights after five years, and in some cases over ten years. Furthermore, the
results showed that annual inflation in Zimbabwe was understated by over 35% by June 2007;
thus the need for the re-calculation of weights in Zimbabwe cannot be over emphasised. The
findings on the accuracy of inflation in the continent are new, from the hidden—inflation angle
of unveiling unofficial inflation, and they also support evidence already established by the
repressed inflation approach to unofficial inflation carried out in Zimbabwe in 2006 by Munoz
(2006). Another finding established from the empirical work in fulfilling the thesis objective to
test the accuracy of African inflation figures, is the significant positive relationship between
changes in poverty and the food weights within a consumer basket. This result reinforces the
need for countries to carry out consumer consumption surveys more often, when people’s

living standards, as measured by the consumer price index, are falling.

Another objective of the research was to determine the appropriate tools for forecasting
inflation in Africa, since one of the reasons for wanting knowledge about short— and long-
term inflation—stock relations is to ensure market positioning in the case of pending inflation
surge or dip. Univariate and multivariate forecasting methods were considered for the inflation

prediction as well as its relationship with economic variables. Using different techniques
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showed that bivariate and multivariate forecasting models are better predictors of inflation in
Africa, and innovations that include past values of the inflation rate seem to improve the
forecast results in the short, medium and long term as well as in and out of sample. There is
enough evidence to show that imported inflation has useful information about changes in the
inflation rate in most Sub-Saharan African countries. These results are not surprising because
Sub-Saharan African economies are young and therefore depend on imports to aid production.
Moreover, these countries import fuel, thus leaving them at the mercy of volatile oil price
movements. These results point to the fact that most African countries would find it difficult
to control inflation when there is a surge in the phenomenon in the rest of the world, but since
causality with the interest rate was established, monetary policy could be useful in regulating
and ensuring inflation levels do not go out of control. The findings are also supported by the
results which demonstrated that the exchange rate has useful information about changes in the
inflation rate. Contrary to the monetarist view that inflation is predominantly caused by
monetary elements, especially money supply, evidence in African inflation does not show that
this element has useful information about inflation. These findings indicate tight monetary
policy restrictions, in particular relating to money supply, and this is not surprising because in
the 1990s most of the countries underwent International Monetary Fund economic reforms

that sought to tightened government expenditure.

8.2 Research implications

The findings on the relationship between stock returns and inflation in this thesis have wide
implications for investors in the African market, as well as for researchers who are keen to

establish a consistent theoretical framework for this relationship. Four main points are
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considered vital: first, there is a need to determine if the analysis being carried out is short or
long term. Second, the research will have to establish the existence of structural breaks within
the data and account for economic regimes before carrying out any analysis, lest the result
produced may not be robust. Third, the significance of the relationship between unexpected
inflation and stock market prices has to be established to ascertain if the use of month—end
stock market figures would compromise the accuracy of the results. Finally, the linearity of the
variables ought to be examined before a method to analysise the relationship is chosen, given
that some linear techniques are not reliable when the data—generating process is nonlinear. If
the above steps are carried out, the expectations are that the results of the analysis between the

relationship of any two time series are robust and the resultant conclusions reliable.

An analysis of the African stock markets in this thesis showed that the countries that had a
broad approach to economic reform experienced significant increases in stock market activity.
A broad approach included privatisation of state companies as well as the liberalisation of the
stock market, which entailed removing or reducing entry and ownership restrictions, thus
broadening the market for participants. Policymakers in Africa are encouraged to remove
exchange controls and make further stock market reforms to ensure free entry into the market,

which entry will inject more capital into the country and improve the balance of payments.

This thesis has also provided evidence for the existence of hidden inflation in Africa, thus
placing doubt on the accuracy of this economic element within the continent. The need for
accurate inflation figures is multidimensional.First, businesses project future growth using the

figures, and inaccuracy compromises both viability and prosperity of the private sector.
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Second, governments end up producing inadequate policies to tackle economic challenges and
thus potentially fail within the economic plane or continuously review their policies when
targets are not met. Third, workers use the rate to negotiate salary increases to ensure real
salary increments that are not eroded by inflation over time. In light of this existence of
unofficial inflation, African governments can eliminate the hidden inflation part of unofficial
inflation by having regular household consumption surveys, thus changing their inflation
baskets every three years at the most for single—figure inflation rates. For countries with
double figures, household surveys are encouraged every two years, and annually when poverty
is increasing. If household surveys are too expensive, then weight adjustments that are biased

towards food inflation are recommended, and these can be done by tracking poverty levels.

Interest rates, imported inflation and exchange rates have useful information about
movements in the African inflation rate. The influence of imported inflation makes it difficult
to implement an effective inflation—targeting regime, since it is difficult to regulate because it is
beyond the control of any one state. In Afric,a though, imported inflation is a result of net
importer status as well as low raw material diversity; hence a policy that addresses these would
help reduce the impact of this factor on the inflation rate. Policy intentions that tackle
increased manufacture of processed production inputs and machinery assembly could help
arrest the effects of imported inflation which is difficult to control. Prudent exchange rate
management could also assist the impact of imported inflation, as an appreciation of the local
currency makes imports cheaper. Interest rates are a good tool to use within the continent to
regulate the inflation rate, as well as to predict it, given that the interest rate has useful

information about inflation. Another finding relates to the general forecasting of the inflation
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rate, since a multivariate model that incorporates inflation lags is a better predictor of the

inflation rate than univariate and bivariate models.

8.3 Areas for future research

This thesis has explored current literature and theory on stock—inflation relations, and has
recommended a set of steps to be considered for analysis that can be applied to future research
that seeks to determine a relationship between two time series. It would be interesting to put
this set of steps in more advanced markets to ascertain if they could answer the inconsistent
nature of the empirical relationship between stock market prices and inflation. Moreover, in
this research, the presence of structural breaks has influenced the nature of the relationship
between the two variables, and nonparametric cointegration models were used to confirm the
presence of a nonlinear relationship. However, nonlinear threshold models could also be
considered to substantiate future findings, something not done because it is a wide area
requiring a different research scope. Another issue related to the aforementioned set of
empirical steps is the determination of what could be considered as short-term and long-term
within time series analysis, particularly two variable relationship analysis. The current rule of
thumb is that a period beyond fifteen years for monthly data is considered long—run analysis,

but a more precise methodology would strengthen the proposed set of empirical steps.

Recent research has considered the relationship between unexpected inflation and stock
market returns as well as the impact of the inflation announcement date to stock prices. In

both cases, the results have raised questions about using month—end stock prices data which
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seems not to have incorporated all the inflation information. A time series analysis in advanced
markets for the long—run relationship at inflation announcement date would provide a useful

comparison with current month-end results.

Hidden inflation in Africa was noted in the countries where data for this research was
available, but an analysis of a wider set of countries in the continent would help ascertain if this
is a problem throughout the continent. In addition, other emerging markets could be
investigated with a view to identifying the presence of hidden inflation. Other forms of
unofficial inflation, particularly repressed inflation, considered by Munoz (2006) in Zimbabwe,
could also be investigated in other African countries. Since the presence of unofficial inflation
questions the accuracy of announced inflation rates, the expectation from the aforementioned
future research is that the evidence will encourage these countries to change their inflation
determination policies. Another area of further investigation in Africa could be to determine if
multivariate models are better inflation predictors than the Phillips Curve. In this research, the
Phillips Curve could not be considered because of the unavailability of data to carry out the

analysis in the continent.

279 ~=



Bekithemba Mpofu

PhD Thesis

280

@K



Bekithemba Mpofu PhD Thesis

REFERENCES

Abhyankar, A., Copeland, L. S. & Wong, W., (1997) “Uncovering nonlinear structure in real-time stock

market indices,” Journal of Business and Economics Statistics, 15, pp 1-14

Adam, G., McQueen, G. & Wood, R., (2004) “The effects of inflation news on high frequency stock

returns,” Journal of Business, Vol. 77, No 3, pp 547-574

Agdogidi, O. M. & Ofuoku, A. U., (2006) “Biodiversity conservation and poverty alleviation in the

Niger Delta Area of Nigeria,” Agriculture Conspectus Scientificus, Vol. 71, No 3, pg 103-110

Akerlof, G. A., (2002) “Behavioral macroeconomics and macroeconomic behaviour,” American

Economic Review, 92, pp 411-433

Alexander, G. J., (2001) FUNDAMENTALS OF INVESTMENTS, (Third edition), Prentice Hall

Al-Khazali, O. M. & Pyun, C. S, (2004) “Stock Prices and Inflation: New Evidence from the Pacific-

Basin Countries,” Review of Quantitative Finance and Accounting, 22, pp 123-140

Amihud, Y., (1996) “Unexpected inflation and stock returns revisited- evidence from Israel,” Journal of

Money, Credit and Banking, Vol. 28, No 1, pg 22-33

Anari, A. & Kolari, J., (2001) “Stock prices and inflation,” The Journal of Financial Research, Vol.

XXIV, No. 4, pp 587-602
Andrews, D. W. K., (1993) “Test for parameter instability and structural change with unknown change
point,” Econometrica, 61, pp 821-856

Apergis, N. & Eleftheriou, S., (2002) “Interest rates, inflation and stock prices: the case of the Athens

stock exchange,” Journal of Policy Modelling Vol. 24, 2002 pg 231-236

Asness, C., (2000) “Stocks versus bonds: Explaining the equity risk premium,” FEinancial Analyst

Journal, March/April, pg 96-113

Asness, C., (2003) “Fight the Fed model,” Journal of portfolio Management, pg 11-24

281 ~=



Bekithemba Mpofu PhD Thesis

Bai, J., (1994) “Least squares estimation of a shift in linear processes,” Journal of Time Series Analysis,

15 (5), pp 453-472

Bai, J., (1997) “Estimation of a change point in multiple regression models,” Review of Economics and

Statistics, 79(4), pp 551-563

Bai, J. & Perron, P., (1998) “Estimating and testing linear models with multiple structural changes,”
Econometrica, 66(1), pp 47-78
Bai, J. & Perron, P., (2003a) “Computation and analysis of multiple structural change models,” Journal

of Applied Econometrics, 18, pp 1-22

Bai, J. & Perron, P., (2003b) “Critical values in multiple structural change tests,” Econometrics Journal,

61 pp 72'78
Bailliu, J., Garces, D., Kruger, M. & Messmacher, M., (2003) “Explaining and forecasting inflation in

Emerging Markets: The Case of Mexico,” Bank of Canada Working Paper 2003-17, June

Balduzzi, P., (1995) “Stock returns, inflation, and the ‘proxy hypothesis: A new look at the data,”

Economics Letters, 48, pp 47-53

Ball, L., (1992) “Why does high inflation raise inflation and uncertainty?” Journal of Monetary

Economics, 29, pp 371-88
Banerjee, A., Dolado, J. J., Hendry, D. F. & Smith, G. W., (1986) “Exploring equilibrium relationships

in econometrics through static models: Some Monte Carlo evidence,” Oxford Bulletin of Economics

and Statistic, Vol. 48, No 3, 1986, pg 253-278
Banerjee, A., Lumsdaine, R. L. & Stock, J. H., (1992) “Recursive and sequential tests of the unit-root

and trend-break hypotheses: Theory and international evidence,” Journal of Business and Economic

Statistics, 10(3), pp 271-287

Barnes, M., Boyd, J. H. & Smith, B. D., (1999) “Inflation and asset returns,” European Economic

Review, Vol. 43, pg 737-754

282 ~=



Bekithemba Mpofu PhD Thesis

Barrett, W., Gosnell, T. & Heuson, A, (1997) “Term structure shifts in response to economic

announcements,” University of Miami, Working Paper

Barro, R. J,, (1995) “Inflation and economic growth,” Bank of England Quarterly Bullettin, May, pg
166-175

Barrow, M., (2001) STATISTICS FOR ECONOMICS, ACCOUNTING AND BUSINESS

STUDIES, (Third edition) Pearson Education LTD, UK
Basu, S., Markov, S., & Shivakumar, L., (2005) “Do Financial Analysts suffer from Inflation Illusion?”

Working Paper, Emory University

Beardshaw, J., (1992) ECONOMICS: A STUDENT’S GUIDE, Financial Times, Prentice Hall, New

York
Bell, W. R. & Hillmer, S. C., (1984) “Issues involved with seasonal adjustment of economic time

series,” Journal of Business and Economic Statistics, VVol. 2, No 4, 291-320

Benigno, P., (2004) “Optimal monetary policy in a currency area,” Journal of International Economics,

Vol. 63, No 2, pg 293-320
Bernanke, B. S. & Mishkin, F. S., (1997) “Inflation targeting: A new framework for monetary policy,”

Journal of Economic Perspectives, Vol. 11, No 2, pg 97-116

Bierens, H. J., (1997) “Nonparametric cointegration analysis,” Journal of Econometrics, Vol. 77, pg
379-404

Bierens, H. (2004) EASYREG INTERNATIONAL, Department of Economics, Pennsylvania State

University
Black, D. C., Corrigan, P. R. & Dowd, M. R., (2000) “New dogs and old tricks: Do money and interest

rates provide information content for forecasts of output and prices?” International Journal of

Forecasting, Vol. 16, No 2, April-June, pg 191-205

Blatt, J. M., (1980) “On the Frisch model of the business cycle,” Oxford Economic Papers, 32, pp 467-

479

>

(Sk
=

283
he



Bekithemba Mpofu PhD Thesis

Bodie, Z., (1976) “Common stock as a hedge against inflation,” The Journal of Finance, Vol. 31, No.2

May 1976 pg 459-470

Bodie, Z., Kane, A. & Marcus, A. J., (2005) INVESTMENTS, (Sixth edition) McGraw-Hill, USA.

Bollerslev, T., (1986) “Generalised Autoregressive Conditional Heteroskedasticity,” Journal of
Econometrics, VVol. 31, June, pg 307-327
Boucher, C., (2006) “Stock prices-inflation puzzle and the predictability of stock market returns,”

Economic Letters, VVol. 90, pg 205-212

Boudoukh, J. & Richardson, M., (1993) “Stock returns and inflation: A Long-horizon perspective,”

American Economic Review Vol. 85, No. 5, Dec 1993 pg 1346-1355

Boudoukh, J., Richardson, M., & Whitelaw, R. F., (1994) “Industry Returns and the Fisher Effect,” The

Journal of Finance, Vol. 49, No. 5, pp 1595-1615

Boyd, J. H., Choi, S. & Smith, B. D. (1996) “Inflation, financial markets and capital formation,” Federal

Reserve Bank of St L ouis Review, 78, pp 9-35

Boyd, J. H., Levine, R. & Smith, B. (2001) “The impact of inflation of financial sector performance,”

Journal of Monetary Economics, 47, pp 221-2248

Box, G. E. P. & Jenkins, G. M., (1970) TIME SERIES ANALYSIS FORECASTING AND

CONTROL, Holden-Day, San Francisco, USA

Boyd, J. H., Levine, R. & Smith, B., (2001) “The impact of inflation of financial sector performance,”

Journal of Monetary Economics, Vol. 47, pg 221-248

Branch, B., (1974) “Common Stock Performance and Inflation: An International Comparison,” The

Journal of Business, Vol. 47, No.1, pp 48-52

Branch, B., (1976) “The predictive power of stock market indicators,” The Journal of Financial and

Quantitative Analysis, VVol. 11, No. 2, June 1976, pg 269-285

Brandt, M. W. & Wang, K. Q., (2003) “Time-varying risk aversion and unexpected inflation,” Journal

of Monetary Economics 50, pp 1457-1498

284 lw



Bekithemba Mpofu PhD Thesis

Beardshow, J., (1992) ECONOMICS: A STUDENT'S GUIDE, Pitman Publishing, London

Brock, W. A., Dechert, W. D. & Scheinkman, J. A., (1987) “A test for independence based on the

correlation dimension,” University of Wisconsin Economic Working Paper, SSR1-8702

Brock, W. A. & Sayers, C., (1988) “Is the business cycle characterized by deterministic chaos?” Journal

of Monetary Economics, 22, pp 71-90

Brooks, C., (2002) Introductory Econometrics for Finance, Cambridge University Press, UK

Cagan, P., (1974) “Inflation and market structure 1967-1973,” National Bureau of Economic Research

Working Paper Series, Vol. w0033, February 1974, pg-

Callen, T. & Chang, D., (1999) “Modelling and forecasting inflation in India,” IME Working Paper,

September, WP/99/119
Campbell, B. M., Jeffrey, S., Kozanayi, W., Luckert, M., Mutamba, M. & Zindi, C., (2002) Household

livelihoods in the Semi-Arid Regions: Options and constraints, Center for International Forestry

Research (CIFR), Indonesia

Campbell, J. Y., (2002) “Consumption-based asset pricing,” Harvard Institute Research Working Paper,

No 1974

Campbell, J. Y. & Vuolteenaho, T., (2004) “Inflation illusion and stock prices,” American Economic

Review, pg 19-23

Caporale, T. & Chulho, J., (1997) “Inflation and real stock prices,” Applied Financial Economics, Vol.

7,1997, py 265-266

Caporale, T. & Jung, C., (1997) “Inflation and real stock prices,” Applied Financial Economics, 7, pp

265-266

Cargill, T. F., (1976) “Anticipated price changes and nominal interest rates in the 1950s,” The Review

of Economics and Statistics, Vol. 58, No 3, pg 364-367

Cargill, T. F. & Meyer, R. A, (1974) “Interest rates and prices since 1950,” International Economic

Review, Vol. 15, pg 458-471

—_—

285

’©8©J



Bekithemba Mpofu PhD Thesis

Chandra, N. & Tallman, E. W., (1997) “Financial aggregates as conditioning information for Australian

out and inflation,” Reserve Bank of Australia Research Discussion Paper, 9704

Chang, E. C. & Pinegar, J. M., (1987) “Risk and inflation,” Journal of Financial and Quantitative

analysis, Vol. 22, No. 1, March 1987, pg 89-99

Chang, T., Yang, M. J., Nieh, C-C. & Chiu, C-C., (2008) “Nonlinear short-run adjustments in US stock
market returns,” Applied Financial Economics, 18:13, pp 1075-1083

Chatrath, Ramchander & Song, (1997) “Stock prices, inflation and output: evidence from India,”

Applied Financial Economics, 7, pp 439-445

Cheung, S. N. S., (1974) “A theory of price control,” Journal of Law and Economics, Vol. 17, No 1,

April, pg 53-71
Chhibber, A., Cottani, J., Firuzabadi, R.. & Walton, M., (1989) “Inflation, price controls and fiscal

adjustment: the case of Zimbabwe,” The World Bank Working Paper, WPS 192, April

Choi, S., Smith, B. D. & Boyd, J. H., (1995) “Inflation, Financial Markets, and Capital Formation,”

Federal Reserve Bank of Minneapolis, Working Paper 556

Chong, T. T-L., (1995) “Partial parameter consistency in a misspecified structural change model,”

Economics Letters, 49(4), pp 351-357

Chordia, T. & Shivakumar, L., (2005) “Inflation lllusion and Post-Earnings-Announcement Drift,”

Journal of Accounting Research, Vol. 23, No. 4, pp 521-556

Chou, Y., (1989) STATISTICAL ANALYSIS FOR BUSINESS AND ECONOMICS, Elsevier Science
Publishing Co., USA
Choudhry, T., (2001) “Inflation and rates of return on stocks: Evidence from high inflation countries,”

Journal of International Financial Markets, Institutions & Money, Vol. 11, 2001, pg75-96

Chow, G. C., (1960) “Tests of equality between sets of coefficients in two linear regressions,”

Econometrica, 28(3), pp 591-605

286 ~=



Bekithemba Mpofu PhD Thesis

Coakley, J. & Fuertes, A-M., (2001) “Nonparametric cointegration analysis of real exchange rates,”

Applied Financial Economics, 11, 1-8

Cochran, S. J. & Defina, R. H., (1993) “Inflation's negative effects on real stock prices: new evidence

and a test of the proxy effect hypothesis,” Applied Economics, 25, pp 263-274

Coe, D. T. & McDermott, C. J., (1999) “Does the Gap Model work in Asia?” IMF Staff Papers, Vol.

44, No 1, pg 59-80
Cohen, R. B., Palk, C. & Vuolteenaho, T., (2005) “Money lllusion in the stock market: The Modigliani-

Cohn Hypothesis,” The Quarterly Journal of Economics, pp 639-668

Cohn, R. A. & Lessard, D. R., (1981) “The effect of inflation on stock prices: International evidence,”

The Journal of Finance, Vol. 36, No. 2, May 1981, pg 277-289

Coppock, L. & Poitras, M., (2000) “Evaluating the Fisher effect in long-term cross-country averages,”

International Review of Economics and Finance, 9, pp 181-192

Cozier, B. V. & Rahman, A. H. (1988) “Stock Returns, Inflation, and Real Activity in Canada,” The

Canadian Journal of Economics, Vol. 21, No. 4, pp 759-774

Crosby, M. & Otto, G., (2000) “Inflation and Capital stocks,” Journal of Money, Credit and Banking,

Vol. 32, No 2, pg 236-253

Curtbertson, K., (1996) QUANTITATIVE FINANCIAL ECONOMETRICS, John Wiley & Sons,

Cushman, D. O., (2003) “Further evidence on the size and power of the Bierens and Johansen
cointegration procedures, Economics Bulletin, Vol. 3, No. 25 pp 1-7

Danthine, J-P. & Donaldson, J. B., (1986) “Inflation and Asset Prices in an Exchange Economy,”
Econometrica, Vol. 54, No. 3, pp 585-606

Davis, N. & Kutan, A. M., (2003) “Inflation and output as predictors of stock returns and volatility:

international evidence,” Applied Financial Economics, 13, pp 693-700
Davradakis, E., (2005) *“Macroeconomic fundamentals and exchange rates: a non-parametric

cointegration analysis,” Applied Financial Economics, 15, pp 439-446

287 lw



Bekithemba Mpofu PhD Thesis

Day, T. E., (1984) “Real Stock Returns and Inflation,” The Journal of Finance, Vol. 39, No. 2, pp 493-

502

De Alessi, L., (1964) “Do Business Firms Gain From Inflation?” The Journal of Business, Vol. 37,
No.2, pp 162-166

De Alessi, L., (1975) “Do Business Firms Gain From Inflation? Reprise,” The Journal of Business, Vol.

48, No.2, pp 264-266

De Gregorio, J., (1993) “Inflation, taxation and long-run growth,” Journal of Monetary Economics,

Vol. 31, pg 271-289

Dickey, D. A. & Fuller, W. A., (1979) “Distribution of estimators for time series regressions with a unit

root,” Journal of the American Statistical Association, VVol. 74, 1979, pg 427-431

Dickey, D. A. & Fuller, W. A, (1981) “Likelihood ratio statistics for autoregressive time series with a
unit root,” Econometrica, Vol. 49, 1981, pg 1057-1072

Diewert, W. E., (2002) “Harmonised indices of consumer prices: their conceptual foundation,” Swiss

Journal of Economics and Statistics, 138(4), pp 547-637

Domian, D. L., Gilster, J. E. & Louton, D. L., (1996) “Expected Inflation, Interest Rates, and Stock

Returns,” The Financial Review, Vol. 31, No. 4, pp 809-830

Drost, F. C. & Klaassen, C. A. J., (1997) “Efficient estimation in semiparametric GARCH models,”

Journal of Econometics, Vol. 81, pg 193-221

Duclos, J-Y. & Araar, A, POVERTY AND EQUITY: MEASUREMENT, POLICY AND

ESTIMATION WITH DAD, Springer Science+Business Media, New York

Duclos, J-Y., Sahn, D. & Younger, S. D. (2006) “Robust multidimensional spartial poverty

comparisons in Ghana, Madagascar and Uganda,” The World Bank Economic Review, Vol. 20, No 1,

pg 91-113
Duguary, P., (1994) “Empirical evidence on the strength of the monetary transmission mechanism in

Canada: An aggregate approach,” Journal of Monetary Economics, Vol. 33, pg 39-61

288 ’ﬁ{d



Bekithemba Mpofu PhD Thesis

Durevall, D. & Kadenge, P., (2001) “Inflation in the Transition to a market economy: The Case of

Zimbabwe,” Chapter in Macroeconomic and Structural Adjustment Policies in Zimbabwe, Palgrave,

Goteborg

Durevall, D. & Ndung'u, (2001) “A dynamic inflation model for Kenya, 1974-1996,” Journal of African

Economies, Vol. 10, No 1, pg

Ely, D. & Robinson, K. J., (1997) “Are stocks a hedge against inflation? International evidence using a

long run approach,” Journal of International Money & Finance, Vol. 16, No.1, 1997, pgl141-167

Engle, R. F., (1982) “Autoregressive Conditional Heteroscedasticity with estimates of the variance of
the United Kingdom inflation,” Econometrica, VVol. 50, No 4, pg 987-1007

Engle, R. F. & Granger, C. W. J, (1987) “Co-integration and error correction: representation,
estimation and testing,” Econometrica, Vol. 55, No. 2, March 1987, pg 251-276

Engle, R. F., Lilien, D. & Robins, R. P. (1987) “Estimating time varying risk premia in the term
structure: The ARCH-M Model,” Econometrica, 55, pp 391-407

Engsted, T. & Tanggaard, C., (2002) “The relationship between asset returns and inflation at short and

long horizons,” Journal of International Financial Markets, Institutions and Money, 12, pp 101-118

Epanechnikov, V. A. (1969) “Nonparametric estimation of a multivariate probability density,” Theory

of Probability and its Applications, 14, pp 153-158
Epstein, G. & Heintz, J., (2006) “Monetary policy and financial sector reform for employment creation

and poverty reduction in Ghana,” PERI Working Paper No. 113

Estrada, J., (2009) “The Fed Model: The bad, the worse and the ugly,” The Quarterly Review of

Economics and Finance, 49, pp 214-238

Estrella, A. & Mishikin, F. S., (1997) “Is there a role for monetary aggregates for conduct of monetary

policy?” Journal of Monetary Economics, Vol. 40, No 2, October, pg 279-304

Evans, M. D. D. & Lewis, K. K., (1995) “Do expected shifts in inflation affect estimates of the long-

run Fisher relation?” The Journal of Finance, Vol. 50, No. 1, March 1995, pg 225-253

289 ~=



Bekithemba Mpofu PhD Thesis

Eviews (2004) Quantitative Micro Software, LLC

Fama, E. F., (1981) “Stock returns, real activity, inflation and money,” American Economic Review,

Vol. 71, No. 4, September 1981, pg 545-565

Fama, E. F., (1983) “Stock Returns, Real Activity, Inflation, and Money: Reply,” American Economic

Review, Vol. 73, No. 3, pp 471-472

Fama, E. F., (1990) “Stock Returns, Expected Returns, and Real Activity,” The Journal of Finance, Vol.

45, No. 4, pp 1089-1108

Fama, E. F. & Gibbons, M. R., (1984) “A comparison of inflation forecasts,” Journal of Monetary

Economics, Vol. 13, No. 3, pp 327-348

Fama, E. F. & Schwert, GW., (1977) “Asset returns and inflation,” Journal of Financial Economics,

Vol. 5, 1977, pgl15-146
Fedderke, J. W. & Schaling, E., (2005) “Modelling inflation in South Africa: A multivariate

cointegration analysis,” South African Journal of Economics, Vol. 73, No 1, March, pg 79-92

Feinman, J., (2005) “Inflation illusion and the (mis)pricing of assets and liabilities,” Journal of Investing,

pg 29-36

Feldstein, M., (1980) “Inflation and the stock market,” American Economic Review, Vol. 70, No. 5,

December 1980, pg 839-847

Feldstein, M., (1980) “Inflation, tax rules and the stock market,” Journal of Monetary Economics, 6, pp

309-331

Feldstein, M., (1982) “Inflation and stock market: reply,” American Economic Review, Vol. 72, No. 1,

March 1982, pg 243-246

Feridun, M. & Adebiyi, M. A., (2005) “Forecasting inflation in developing economies: the case of

Nigeria,” International Journal of Applied Econometrics and Quantitative Studies, Vol. 2, No 4, pg

103-132

—_—

290

’©8©J



Bekithemba Mpofu PhD Thesis

Firth, M., (1979) “The relationship between stock market returns and rates of inflation,” The Journal of
Finance, Vol. 34, No. 3, pp 743-749

Fischer, S., (1993) “The role of macroeconomic factors in growth,” Journal of Monetary Economics,

Vol. 32, December pg 485-512

Fisher, 1., (1928) THE MONEY ILLUSION, New York, Adelphi

Fisher, R. A,, (1930) THE GENERAL THEORY OF NATURAL SELECTION, Oxford University

Press, Oxford
Flannery, M. & Protopapadakis, A., (2002) “Macroeconomic factors do influence aggregate stock

returns,” Review of Financial Studies, 15, pp 1525-1561

Fraser, W. D, (1993) PRINCIPLES OF PROPERTY INVESTMENT AND PRICING, (Second

edition) Macmillan, UK.

Friendman, M., (1977) “Inflation and unemployment,” Journal of Political Economy, Vol. 85, No. 3,
pp 451-472

Friedman, B. M. & Kuttner, K. N., (1992) “Money, income, prices and interest rates,” American

Economic Review, Vol. 82, No 3, pg 472-492

Friend, 1. & Hasbrouck, J., (1982) “Inflation and the stock market: Comment,” American Economic

Review, Vol. 72, No. 1, March 1982, pg 237-242

Fuller, W. A., (1976) INTRODUCTION TO STATISTICAL TIME SERIES, Wiley, New York, US

Gali, J.,, Gertler, M. & Lopez-Salido, J. D., (2001) “European inflation dynamics,” European Economic

Review, Vol. 45, No 7, pg 1237-1270

Gallagher, M., (1986) “The Inverted Fisher Hypothesis: Additional Evidence,” American Economic
Review, Vol. 76, No. 1, pp 247-249
Gallagher, L. A. & Taylor, M. P., (2002) “The stock return-inflation puzzle revisited,” Economics

Letters, 75, pp 147-156

—_—

291

’©8©J



Bekithemba Mpofu PhD Thesis

Gallant, A. R. & Tauchen, G., (1987) “Seminonparametric estimation of conditionally constrained
Heterogeneous processes: Asset pricing applications,” Mimeographed, North Carolina State University
Ganesan, S. & Chiang, Y. H., (1998) “The inflation hedging characteristics of real and financial assets in

Hong Kong,” Journal of Real Estate Portfolio Management, Vol. 4, 1998, pg 55-68

Garcia, R. & Perron, P, (1996) “An analysis of the real interest rates under regime shifts,” The Review

of Economics and Statistics, VVol. 78, pg 111-125

Garratt, A., Lee, K., Pesaran, M. H. & Shin, Y., (2003) “A long run structural macroeconomic model of

the UK,” The Economic Journal, 113, pp 412-455

Gazenove (1997) SUB-SAHARAN AFRICA STOCK MARKETS, Cazenove & Co, London

Gertler, M. & Grinols, E. L., (1982) “Unemployment, inflation, and common stock returns,” Journal of

Money, Credit and Banking, Vol. 14, No. 2, pp 216-233

Geske, R. & Roll, R., (1983) “The fiscal and monetary linkages between stock returns and inflation,”

Journal of Finance, Vol. 38, 1983, pg 1-33

Ghosh, A. & Phillips, S., (1998) “Warning: Inflation may be harmful to your growth,” IMFE_Staff
Papers, Vol. 45, No 4, pg 672-710

Goldfield, S. M. & Quandt, R. E., (1973) “A Markov model for switching regressions,” Journal of
Econometrics, 1, pp 3-16

Gonedes, N. J., (1981) “Evidence on the ‘Tax effects’ of inflation under historical cost accounting

methods,” The Journal of Business, VVol. 54, No. 2 pp 227-270

Gibson, W. E., (1972) “Interest rates and inflationary expectations: New evidence,” American

Economic Review, Vol. 66, December, pg 809-820

Golob, J. E., et al, “Do stock prices follow interest rates or inflation?” www.kc.frb.org

Gordon, M., (1962) THE INVESTMENT, FINANCING, AND VALUATION OF THE

CORPORATION, Homewood, IL, Irwin

292 ~=



Bekithemba Mpofu PhD Thesis

Graham, F. C., (1996) “Inflation, real stock returns and monetary policy,” Applied Financial

Economics, Vol. 6, 1996, pg 29-35
Granger, C.W.J,, (1981) “Some properties of time series data and their use in econometric model

specification,” Journal of Econometrics, Vol. 16, 1981, pg 121-130

Granger, CW.J,, & Newbold, P., (1974) “Spurious regressions in econometrics,” Journal of
Econometrics, Vol. 2, 1974, pg 111-120

Griffiths, A. & Wall, S., (2001) APPLIED ECONOMICS, Pearson Education Ltd, Hallow

Groenewold, N., O’'Rourke, G. & Thomas, S., (1997) “Stock returns and inflation: a macro analysis,”

Applied Financial Economics, 7, pp 127-136

Gultekin, N. B., (1983) “Stock market returns and inflation: evidence from other countries,” The

Journal of Finance, Vol. XXXVIII, No. 1, March 1983, pg 49-65

Gultekin, N. B., (1983) “Stock market returns and inflation forecasts,” The Journal of Finance, Vol. 38,

No. 3 pp 663-673

Haddaway, D., (2005) OILS AND MINERS HOIST LONDON HIGHER, www.news.ft.com April,

29 2005

Hagmann, M. & Lenz, C., (2005) “Real asset returns and components of inflation: A structural VAR

analysis,” Univeristy of Basel, Working Paper
Hamelink, F. & Hoesli, M., (1996) “Swiss real estate as a hedge against inflation: new evidence using

hedonic and autoregressive models,” Journal of Property Finance, VVol. 7, 1996, pg 33-49

Hamilton, J. D., (1989) “A new approach to the economic analysis of nonstationary time series and the
business cycles,” Econometria, Vol. 57, pg 357-384
Hansen, B., (1992) “The likelihood ratio test under non-standard conditions: testing the Markov

switching model,” Journal of Applied Econometrics, 7, $61-82

Hansen, B. E., (2001) “The new econometrics of structural change: Dating breaks in U.S. labor

productivity,” Journal of Economic Perspectives, Vol. 15, No. 4, pp 117-128

293 ~=




Bekithemba Mpofu PhD Thesis

Hansen, B. H. & Johansen, S., (1999) “Some tests for parameter constancy in VAR-models,” The

Econometrics Journal, Vol. 2, No. 2, 1999, pg 306-333

Hansen, B. H. & Seo, B., (2002) “Testing for two-regime threshold cointegration in vector error-

correction models,” Journal of Econometrics, Vol. 110, pg 293-318

Hardle, W., (1990) APPLIED NONPARAMETRIC REGRESSION, Cambridge University Press,

Cambridge
Hargreaves, D., Kite, H. & Hodgetts, B., (2006) “Maodelling New Zealand inflation in a Phillip’s curve,”

Reserve Bank of New Zealand: Bulletin, Vol. 69, No 3, pg 23-37

Hasbrouck, J., (1984) “Stock returns, inflation, and economic activity: The survey evidence,” The

Journal of Finance, Vol. 39, No. 5, pp 1293-1310

Hendry, D. F., (1995) DYNAMIC ECONOMETRICS, Oxford University Press, UK

Henry, P. B., (2002) “Is Disinflation good for the stock market?” The Journal of Finance, Vol. LVII,

No. 4, August 2002, pg 1617-1648

Hicks, J. R. (1950) CONTRIBUTION TO THE THEORY OF THE TRADE CYCLE, Clarendon

Press, Oxford
Hinich, M. J., (1982) “Testing for Gaussianity and linearity of a stationary time series,” Journal of Time
Series Analysis, Vol. 3, pg 169-176

Hinich, M. J. & Patterson, D. M., (1985) “Evidence of nonlinearity in daily stock returns,” Journal of

Business and Economic Statistics, 3, pp 69-77

Hoesli, M., Lizieri, C. & MacGregor, B., (2006) “The inflation hedging characteristics of U.S. and U.K.

investments: A multi-factor error correction approach,” Swiss Finance Institute Research Paper Series,

No. 06-4

Hoesli, M. & McGregor, B. D., (2000) PROPERTY INVESTMENT, Longman, UK

Hollister, R. G. & Palmer, J. L., (1973) “The impact of inflation on the Poor,” Institute of Research on

Poverty, Discussion Paper, University of Wisconsin

—_—

294

’©8©J



Bekithemba Mpofu PhD Thesis

Hong, (1977) “Inflation and the market value of the firm: theory and tests,” The Journal of Finance,

Vol. 32, No. 4, pp 1031-1048
Huberman, G. & Schwert, G. W., (1985) “Inflation aggregation, inflation and the pricing of index

bonds,” The Journal of Political Economy, Vol. 93, No. 1, February 1985, pg 92-114

Ibbotson, R. G. & Sinquefield, R. A., (1976) “Stocks, bonds, bills, and inflation: Year-by-Year historical

returns (1926-1974),” The Journal of Business, Vol. 49, No. 1, pp 11-47

Irvine, 1. & McCarthy, C., (1980) “Further evidence on inflation and redistribution in the United

Kingdom,” Economic Journal, Vol. 90, pg 907-911

Irving, J., (2005) “Regional Integration of stock exchanges in Eastern and Southern Africa: Progress

and Prospects,” IMF Working Paper, WP/05/122

Jaffe, J. F., (1985) “Inflation, the interest rate, and the required return on equity,” The Journal of

Financial and Quantitative Analysis, Vol. 20, No. 1, pp 29-44

Jaffe, J. F. & Mandelker, G., (1976) “‘The Fisher effect’ for risky assets an empirical investigation,”

Journal of Finance, Vol. 31, No. 2, 1976, pg447-458

James, C. S., Koreisha, S. & Partch, M., (1985) “A VARMA analysis of the casual relations among stock

returns, real output, and nominal interest rates,” Journal of Finance, 40, pp 1375-1384

Jefferis, K. & Smith, G., (2005) “The changing efficiency of African stock markets,” South African

Journal of Economics, Vol. 73:1, pp 54-67

Johansen, S., (1988) “Statistical analysis of cointegration vectors,” Journal of Economic Dynamics &

Control, Vol. 12, 1988, pg 231-254

Johansen, S., (1991) “Estimation and hypothesis testing of cointegration vectors in Gaussian vector
autoregressive models,” Econometrica, Vol. 59, No. 6, November 1991, pg 1551-1580

Johansen, S. & Juselius, K., (1990) “Maximum likelihood estimation and inference on cointegration

with application-with application to the demand for money,” Oxford Bulletin of Economics and

Statistics, Vol. 52, No.2, May 1990, pg 169-210

295 ~=



Bekithemba Mpofu PhD Thesis

Johnson, D., (2003) “The effect of inflation targets on the level of expected inflation in five countries,”

The Review of Economics and Statistics, Vol. 85, No 4, November, pg 1076-1081

Jones, C. P. & Wilson, J. W., (2006) “The impact of inflation measures on the real returns and risk of

U.S. stocks,” The Financial Review, 41, pp 77-94

Jovanovic, B. & Ueda, M., (1998) “Stock-returns and inflation in a principal-agent economy,” C.V.

STARR Center for Applied Economics, Economic Research Reports

Jung, C., Shambora, W. & Choi, K., (2007) “The relationship between stock returns and inflation in

four European markets,” Applied Economics Letters, 14, pp 555-557

Kana, A., (1998) “Linkages between the US and European equity markets: further evidence from

cointegration tests,” Applied Financial Economics, 8, pp 607-614

Kara, A. & Nelson, E., (2003) “The exchange rate and inflation in the United Kingdom,” Scottish

Journal of Political Economy, Vol. 50, No 5, November, pg 585-608

Katsenelinboigen, A., (1977) “Coloured markets in the Soviet Union,” Soviet Studies, Vol. 29, January,
pg 62-85

Kaul, G., (1987) “Stock returns and inflation: The role of the monetary sector,” Journal of Financial

Economics, Vol. 18, 1987, pg 253-276
Kaul, G., (1990) “Monetary regimes and the relation between stock returns and inflationary

expectation,” Journal of Financial and Quantitative Analysis, Vol. 25, No. 3, September 1990, pg 307-

321

Keynes, J. M., (1936) THE GENERAL THEORY OF EMPLOYMENT, INTEREST RATES AND

MONEY, Macmillian, London, UK
Khan, M. S. & Senhadji, A. S., (2001) “Threshold effects in the relationship between inflation and

growth,” IMF Staff Papers, VVol. 48, No 1, pg 1-21

Khil, J. & Lee, B-S., (2000), “Are common stocks a good hedge against inflation? Evidence from the

Pacific-rim countries,” Pacific-Basin Finance Journal, 8, pp 457-482

296 ~=



Bekithemba Mpofu PhD Thesis

Kim, J-R., (2003) “The stock return-inflation puzzle and the asymmetric causality in stock returns,

inflation and real activity,” Economics Letters, 80, pp 155-160

Kim, S. & In, F., (2004) “The relationship between stock returns and inflation: new evidence from

wavelet analysis,” Monash University, Working Paper

Knipe, J.,, (2006) “Consumer price index and retail prices index: The 2006 basket of goods and

services,” Office for National Statistics: www.statistics.gov.uk/cci/article.asp?ID=1455

Koop, G., (2000) ANALYSIS OF ECONOMIC DATA, (second edition) Wiley, London

Koop, G., Pesaran, M. H. & Potter, S. M., (1996) “Impulse response analysis in nonlinear multivariate

models,” Journal of Econometrics, 74, pp 119-147

Kovanen, A., (2004) “Zimbabwe: A Quest for a Nominal Anchor,” IMF Working Paper, WP/04/130
Kwiatkowski, D., Phillips P. C. B., Schmidt, P. & Shin, Y., (1992) “Testing the Null hypothesis of

stationarity against the alternative of a unit root,” Journal of Econometrics, Vol. 54, 1992, pg 159-178

Kyrtsou, C. & Labys, W. C., (2006) “Evidence for chaotic dependence between US inflation and

commodity prices,” Journal of Macroeconomics, 28, pp 256-266

Lakonishok, J., (1980) “Stock market return expectations: Some general properties,” The Journal of
Finance, Vol. 35, pp 921-932
Lanne, M., (2001) “Near unit root and the relationship between inflation and interest rates: a re-

examination of the fisher effect,” Empirical Economics, Vol. 26, pg 357-366

Lanne, M., (2006) “Nonlinear dynamics of interest rate and inflation,” Journal of Applied

Econometrics, Vol. 21, pp 1157-1168
Lee, B., (1992) “Causal relationships among stock returns, interest rates, real activity and inflation,” The

Journal of Finance, VVol. 47, No. 4, September 1992, pg 1591-1603

Lee, K. & Ni, S., (1996) “Stock returns, real activities and temporary and persistent inflation,” Applied

Financial Economics, 6, pp 433-441

297 ~=




Bekithemba Mpofu PhD Thesis

Levi, M. D. & Makin, J. H., (1979) “Fisher, Phillips, Friedman and the measured impact of inflation on

interest,” The Journal of Finance, VVol. 34, No. 1, March 1979, pg 35-52

Levine, R. & Renelt, D., (1992) “A Sensitivity Analysis of Cross-Country Growth Regressions,”

American Economic Review, Vol. 82, pg 942-963

Litterman, R. & Weiss, L., (1985) “Money, real interest rates and output: A reinterpretation of postwar
US data,” Econometrica, 53, pp 129-156

Limmack, R. J. & Ward, C. W., (1988) “Property returns and inflation,” Land Development Studies,

pg47-55

Lintner, J., (1974) “Inflation and security returns,” The Journal of Finance, Vol. 30, No. 2, pp 259-280

Long, J. B., (1974) “Stock prices, inflation and the term structure of interest rates,” Journal of Financial
Economics, 1, pp131-170
Liu, D., Jansen, D. & Li, Q., (2005) “Regime switching in the dynamic relationship between stock

returns and inflation,” Applied Financial Economics Letters, 1, pp 273-277

Liu, D, Yang, J. & Li, Q., (2004) “Is there any nonlinear dynamic relationship between stock returns

and inflation?” Texas A & M University, Working Paper

Luintel, K. B. & Paudyal, K. (2006) “Are common stocks a hedge against inflation?”” The Journal of

Financial Research, Vol. XXIX, No. 1, pp 1-19
Lunde, A. & Timmermann, A., (2004) “Duration dependence in stock prices: An analysis of Bull and

Bear markets,” Journal of Business & Economic Statistic, Vol. 22, No. 3, 2004, pg 253-273

Maddala, G. S. & KIM, I, (1998) UNIT ROOTS, COINTEGRATION, AND STRUCTURAL

CHANGE, Cambridge University Press, UK
Madsen, J. B. (2005) “The Fisher hypothesis and the interaction between share returns, inflation and

supply shocks,” Journal of International Money and Finance, 24, pp 103-120

298 ~=



Bekithemba Mpofu PhD Thesis

Maghyereh, A., (2006) “A long-run relationship between stock returns and inflation in developing

countries: further evidence from a nonparametric cointegration test,” Applied Financial Economics

Letters, Vol. 2, No 4, July, pg 265-273

Malliaropulos, D., (2000) “A note on nonstationarity, structural breaks, and the Fisher effect,” Journal

of Banking & Finance, 24, pp 695-707

Malkiel, B. G., (1979) “The capital formation problem in the United States,” The Journal of Finance,

Vol. 39, pp 291-306

Malkiel, B., (1996) ARANDOM WALK DOWN WALL STREET, 6th Edition, W.W. Norton, USA

Mandelker, G. & Tandon, K., (1985) “Common Stock Returns, Real Activity, Money, and Inflation:

Some International Evidence,” Journal of International Money and Finance, 4, pp 267-286

Marshal, D., (1992) “Inflation and asset return in a monetary economy,” Journal of Finance, Vol. 47,

No. 4, 1992, pg 1315-1342
Mascaro, A. & Meltzer, A. H., (1983) “Long and short-term interest rates in a risky world,” The Journal

of Monetary Economics, 12, pp 485-518

Mashkin, F. S., (1992) “Is the Fisher effect for real? A re-examination of the relationship between

inflation and interest rates,” Journal of Monetary Economics, Vol. 30, pg 195-215

Mashkin, F. S., (1995) “Symposium on the monetary transmission mechanism,” Journal of Economic
Perspective, 9(4), pp 3-10

McCarthy, J., Najand, M. & Seifert, B., (1990) “Empirical tests of the proxy hypothesis,” The Financial
Review, Vol. 25, No. 2, pp 251-263

McCown, J. R., (2001) “International Stock Returns and Expected Inflation: Evidence from Pre-War

Data,” Florida Atlantic University Working Paper

McMillan, D. G., (2001a) “Cointegrating relationships between stock market indices and economic

activity: Evidence from US data,” Discussion Paper Series, University of St Andrews, No. 0104,

February 2001

299 ~=




Bekithemba Mpofu PhD Thesis

McMillan, D. G., (2001b) “Non-linear predictability of stock market returns: Evidence from non-

parametric and threshold models,” International Review of Economics and Finance, 10, pp 353-368

McMillan, D. G., (2007) “Structural breaks in financial ratios: evidence for nine international markets”

Applied Financial Economics Letters, VVol. 3, Issue6, pp 381-384

McQueen, G. & Roley, V. V., (1993) “Stock prices, news, and business conditions,” The Review of
Financial Studies, Vol. 6, No. 3, pp 683-707

Mehra, Y. P., (1978) “Is money exogenous in money demand equations?” Journal of Political

Economy, 86, pp 211-228

Meyler, A., Kenny, G. & Quinn, T., (1998) “Forecasting Irish inflation using ARIMA models,” Central

Bank of Ireland Technical Paper, 3/RT/98, December

Mirer, T., (1974) “Inflation and Consumer in 1973, Staff Study for the Subcommittee on Consumer

Economics, Joint Economic Committee, Section 6, US Congress, Washington DC

Mitchell, W. C., (1927) “Business cycles: the problem and its settings,” National Bureau of Economic

Research, New York

Modigliani, F., & Cohn, R,, (1979) “Inflation, rational valuation and the markets,” Financial Analyst

Journal, March-April, pg 24-44

Morgan Stanley (1993) EMERGING MARKET INVESTMENT RESEARCH-AFRICA Morgan
Stanley & Co, New York
Morrow, A. M. M., (1986) “The measurement of inflation experienced by the Poor 1970-1980,”

Canadian Public Policy, Vol. 12, No 1, March, pg 245-252

Muellbauer, J., (1974) “Prices and inequality: the United Kingdom experience,” Economic Journal, Vol.

84, pg 32-55

Munoz, S., (2006) “Suppressed inflation and money demand in Zimbabwe,” IMF Working paper,

WP/06/15, January, pg 1-18

300 ~=



Bekithemba Mpofu PhD Thesis

Nabeya, S. & Tanaka, K., (1988) “Asymptotic theory of a test for constancy of regression coefficients

against the random walk,” Annals of Statistics, Vol. 16, 1988, pg 218-235

Nachenga, J. C. (2001) “Financial liberalization, money demand and inflation in Uganda,” IMF
Working Paper, WP/01/118
Najand, M. & Noronha, G., (1998) Causal relations among stock returns, inflation, real activity and

interest rates: Evidence from Japan, Global Finance Journal, Vol. 9, No. 1, 1998, pg 71-80

Neftci, S. N., (1984) “Are economic time series asymmetric over the business cycle?” The Journal of

Political Economy, Vol. 92, No 2, April, pg 307-328

Nelson, C. R., (1976) “Inflation and rates of return on common stocks,” The Journal of Finance, Vol.

31, December 1976, pg 471-483
Newell, G., (1996) “The hedging characteristics of Australian commercial property: 1984-1995,”

Journal of Property Finance, 7 (1), pg 6-20

Newey, W. K. & West, K. D., (1987) “A simple positive semi-definite heteroskedasticity and
autocorrelation-consistent covariance matrix,” Econometrica, VVol. 55, 1987, pg 703-708
Ng, S. & Perron, P., (1997) “Estimation and inference in nearly un-balanced nearly cointegrated

systems,” Journal of Econometrics, Vol. 79, 1997, pg 53-81

Nove, A., (1981) “A note on growth, investment and price-indexes,” Soviet Studies, Vol. XXXIII, No
1, January pg 142-145
Nuti, D. M., (1986) “Hidden and repressed inflation in Soviet-type economies, definitions,

measurement and stabilisation,” Contributions to Political Economy, Vol. 5 pg 37-82

Okuneye, P. A., (2001) “Rising cost of food prices and food insecurity in Nigeria and its implication for

poverty reduction,” Economic and Financial Review, Vol. 39, No. 4, pp 1-15

Okunmadewa, F. Y., Yusuf, S. A. & Omonona, B. T. (2007) “Effects of Social capital on rural poverty

in Nigeria,” Pakistan Journal of Social Sciences, Vol. 4, No 3, pg 331-339

301 ~=



Bekithemba Mpofu PhD Thesis

Onder, A. O. (2004) “Forecasting inflation in emerging markets by using the Phillip’s curve and

alternative time series models,” Emerging Markets Finance & Trade, Vol. 40, No 2, Mar/Apr, pg 71-82

Osterwald-Lenum, M., (1992) A note with quantiles of the asymptotic distribution of the ML

cointegration rank test statistics, Oxford Bulletin of Economics and Statistics, Vol. 54, 1992, pg 461-72

Pagan, A. R. & Schwert, G. W. (1990) “Alternative models for conditional stock market volatility,”

Journal of Econometrics, 45, pp 267-290

Park, K. & Ratti, R. A., (2000) “Real activity, inflation, stock returns, and monetary policy,” The

Financial Review, 35, pp 59-78

Parkin, M., Powell, M. & Matthews, K., (1997) ECONOMICS, Addison-Wesley, Pearson Education,
Harlow

Patterson, K., (2000) AN INTRODUCTION TO APPLIED ECONOMICS: A TIME SERIES

APPROACH, MacMillan Press Ltd, London
Pearce, D. K, (1979) “Comparing survey and rational measures of expected inflation: Forecast

performance and interest rate effects,” Journal of Money, Credit & Banking, Vol. 11, No 4, November,

pg 447-456

Pesaran, H. H. & Shin, Y., (1998) “Generalized impulse response analysis in linear multivariate

models,” Economic L etters, 58, pp 17-29

Pindyck, R.S., (1984) “Risk, Inflation, and the Stock Market,” American Economic Review, Vol. 74,

No. 3, pp 335-351
Phillips, P. C. B. & Perron, P., (1988) “Testing for a unit root in time series regression,” Biometrika,
Vol. 75, pg 335-346

Plosser, C. 1., (1978) “A time series analysis of seasonality in econometric model,” in Seasonal Analysis

of Economic time series edited by A. Zellner, US Department of Commerce, Bureau of Census pg 365-

397

—_—

302

’©8©J



Bekithemba Mpofu PhD Thesis

Polts, D., (2006) “‘Restoring Order? Operation Murambatsvina and the urban crisis in Zimbabwe,”

Journal of Southern African Studies, Vol. 32, No 2, pg 273-291

Prakasa Rao, B. L.S., “Nonparametric functional estimation,” Bulletin of the American Mathematical
Society, Vol. 14, No 2, pp 310-312

Pyle, D. H., (1972) “Observed price expectations and interest rates,” Review of Economics and

Statistics, Vol. 54, August, pg 275-280

Quah, D., (1987) “What do we learn from unit roots in Macro Economic time series?” MIT Working

paper

Quintos, C. E., (1995) “Sustainability of the deficit process with structural shifts,” Journal of Business

and Economic Statistics, Vol. 13, 1995, pg 409-417
Ram, R. & Spencer, D. E., (1983) “Stock Returns, Real Activity, Inflation, and Money: Comment,”

American Economic Review, VVol. 73, No. 3, pp 463-470

Rapach, D. E., (2002) “The long-run relationship between inflation and real stock prices,” Journal of

Macroeconomics, 24, pp 331-351

Reilly, F. K., (1997) “The Impact of Inflation on ROE, Growth and Stock Prices,” Financial Services

Review, 6(1) pp 1-17

Reilly, F. K. & Brown, K. C., (2003) INVESTMENT ANALYSIS: PORTFOLIO MANAGEMENT,
(Seventh edition) Thomson South-Western, Ohio, USA
Ritter, J. R. & Warr, R. S., (2002) “The decline of inflation and the bull market of 1982 to 1999,”

Journal of Finance and Quantitative Analysis, Vol. 37, pg 29-61

Robert, F. E., (1995) ADVANCED TEXT IN ECONOMETRICS, Oxord University Press, UK

Roberts, H. V., (1978) “Comments on ‘The analysis of single and related time series into components:

Proposals for improving X-11' by Rachael Raymond V. BarOn,” in Seasonal Analysis of Economic

time series edited by A. Zellner, US Department of Commerce, Bureau of Census pg 161-170

303 ~=



Bekithemba Mpofu PhD Thesis

Robinson, P. M., (1983) “Nonparametric estimators for time series,” Journal of Time series Analysis, 4,

pp 185-207
Rosenblatt, M., (1969) “Rosenblatt, M., (1956) “Remarks on some nonparametric estimates of density

function,” Annals of Mathematical Statistics, 27, pp 832-837

Rosenblatt, M., (1969) “Conditional probability density and regression estimators,” Multivariate

Analysis, 2, pp 25-31
Ross, S. A., Westerfield, R. W. & Jaffe, J., (2005) CORPORATE FINANCE, 7t Edition-International

Edition, McGraw-Hill, New York

Ryan, G., (2006) “Irish stock returns and inflation: a long span perspective,” Applied Financial

Economics, 16, pp 699-706
Salam, M. A., Salam, S. & Feridum, M., (2006) “Forecasting inflation in Developing nations: the case of

Pakistan,” International Research Journal of Finance & Economics, Issue 3, pg 138-159

Sarel, M., (1996) “Nonlinear effects of inflation on economic growth,” IMF _Staff Papers, Vol. 43,

March, pg 199-215

Schwert, G. W., (1981) “The adjustment of stock prices to information about inflation,” The Journal of
Finance, Vol. 36, No. 1, pp 15-29

Schotman, P. C. & Schweitzer, M., (2000) “Horizon sensitivity of the inflation hedge of stocks,”

Journal of Empirical Finance, 7, pp 301-315

Sekine, T., (2001) “Modelling and forecasting inflation in Japan,” International Monetary Fund

Working paper, WP/01/82

Shafir, E., Diamond, P. A. & Tversky, A, (1997) “On money illusion,” Quarterly Journal of
Economics, CXI1, pp 341-374
Sharpe, S. A, (2002) “Re-examining stock valuation and inflation: The implications of analysts’ earnings

forecasts,” The Review of Economics and Statistics, Vol. 84, No. 4, November 2002, pg 632-648

Sharpe, W. F., (1995) INVESTMENTS, (International edition) Prentice Hall, UK

—_—

304

’©8©J



Bekithemba Mpofu PhD Thesis

Shorrocks, A. F. & Marlin, E., (1982) “Inflation and low incomes,” Canadian Public Policy, Vol. 8, No

3, pg 334-346
Sichel, D. E., (1987) “Business cycle asymmetry: A deep look,” Mimeographed, Princeton University

Silverman, B. W., (1986) DENSITY ESTIMATION FOR STATISTICS AND DATA ANALYSIS,

Chapman and Hall, London
Simone, F. N-D, (2000) “Forecasting inflation in Chile using state-space and regime-switching models,”

IME Working Paper, WP/00/162

Sims, C. A., (1980) “Comparison of interwar and postwar business cycles: Monetarism reconsidered,

American Economic Review, 70, pp 250-257

Smith, G., Jefferis, K. & Ryoo, H-J.,, (2002) “African stock markets: multiple variance ratio tests of

random walks,” Applied Financial Economics, 12, pp 475-484

Solnik, B., (1983) “The relationship between stock prices and inflationary expectations: The

international evidence,” The Journal of Finance, Vol. 38, No. 1, pp 35-48

Solnik, B. & Solnik, V., (1997) “A multi-country test of the Fisher model for stock returns,” Journal of

International Financial Markets, Institutions and Money, 7, pp 289-301

Speight, A. E. H, (2002) “Non-linear time series models in economics: A selective survey,” University

of Wales Swansea, Working Paper

Spyrou, S. 1., (2001) “Stock returns and inflation: evidence from an emerging market,” Applied

Economics Letters, 2001, pg 447-450

Spyrou, S. 1., (2004) “Are stocks a good hedge against inflation? Evidence from emerging markets,”

Applied Economics, 36, pp 41-48

Stanlake, G. F., (1988) INTRODUCTION ECONOMICS, Longman, UK

Stanton, J., (2002) EASYJET SEALS £374m DEAL TO BUY RIVAL GO, The Evening News, May,

16 2002

305

—_—

’©8©J



Bekithemba Mpofu PhD Thesis

Stock, J. H., (1987) “Asymptotic properties of least square estimators of cointegrating vectors,”
Econometrica, Vol. 55, No.5, September 1987, pg 1035-1056

Stock, J. H., (1987b) “Measuring business cycle time,” Journal of Political Economy, 95, pp 1240-1261

Stock, J. H. & Watson, M. W., (1999) “Forecasting inflation,” Journal of Monetary Economics, Vol. 44,

No 2, October, pp 293-335
Stock, J. H. & Watson, M. W., (2003) “Forecasting output and inflation: The role of asset prices,”

Journal of Economic Literature, XLI, pp 788-829

Stockton, D. J. & Glassman, J. E., (1987) “An evaluation of the forecasting performance of alternative

models of inflation,” The Review of Economics and Statistics, Vol. 69, No 1, February, pg 108-117

Stone, C. J. (1974) “Cross-validatory choice and assessment of statistical predictions (with discussion),”

Journal of Royal Statistical Society, 36, pp 111-147

Stulz, R. M., (1986) “Asset Pricing and Expected Inflation,” The Journal of Finance, Vol. 41, No. 1, pp

209-223
Summers, (1983) “The non adjustment of nominal interest rates: a study of Fisher effect,”

Macroeconomics, prices and quantities, 1983, pg 201-224

Svensson, L. E. O., (2000) “Open-economy inflation targeting,” Journal of International Economics,

50, pp 155-183
Tegene, A., (1989) “The Monetarist explanation of inflation: the experience of six African countries,”

Journal of Economic Studies, VVol. 16, No 1, March, pg 5-18

Thomas, R. L., (1997) MODERN ECONOMETRICS, Addison-Wesley, UK

Titman, S. & Warga, A., (1989) “Stock Returns as Predictors of Interest Rates and Inflation,” Th

Journal of Financial and Quantitative Analysis, Vol. 24, No. 1, pp 47-58

Tobin, J., (1969) “A general equilibrium approach to monetary theory,” Journal of Money, Credit, and

Banking, 1(1), pp 15-29

306

’©8©J



Bekithemba Mpofu PhD Thesis

Tong, H., (1990) NON-LINEAR TIME SERIES: A DYNAMIC SYSTEM APPROACH, Clarendon

Press, Oxford
Triplett, J. E., (2001) “Should the cost-of-living index provide the conceptual framework for a

consumer price index?” Economic Journal, 111, (472), pp F311-F334

Ullah, A., (1988) “Non-parametric estimation of econometric functionals,” The Canadian Journal of

Economics, Vol. 21, No. 3, pp 625-658
Vanderhoff, J. & Vanderhoff, M., (1986) “Inflation and stock returns: An industry analysis,” Journal of

Economics and Business, VVol. 38, 1986, pg 341-352

Wallace, M. S. & Warner, J. T., (1993) “The Fisher effect and the term structure of interest rates: Tests

of Cointegration,” The Review of Economics and Statistics, Vol. 75, No. 75, No. 2. May 1993, pg 320-

324
Watts, D. C., (1978) “Comments on ‘Estimating structural models of seasonality’ by Robert F. Engle,”

in Seasonal Analysis of Economic time series edited by A. Zellner, US Department of Commerce,

Bureau of Census pg 303-307

Wei, K. C. J. & Wong, K. M., (1992) “Tests of Inflation and Industry Portfolio Stock Returns,” Journal

of Economics and Business, 44, pp 77-94

Williams, J. B., (1938) THE THEORY OF INVESTMENT VALUE, North Holland Publishing

Company, Amsterdam

Woglow, G., (2005) “Forecasting South African inflation,” The South African Journal of Economics,

Vol. 73, No 2, June, pg 302-320

Wooldridge, J. M., (2006) INTRODUCTION ECONOMETRICS: A MODERN APPROACH, Third

Edition-International Editor, South-Western

World Bank, (2003) “Kenya: A policy agenda to restore growth,” World Country Economic

Memorandum, Poverty Reduction and Economic Management, Africa Region, Washington DC

World Bank, (2005) WORLD DEVELOPMENT INDICATORS, World Bank, Washington

307 ~=



Bekithemba Mpofu PhD Thesis

Wynne, M. A. & Rodriguez-Palenzuela, D., (2004) “Measurement bias in the HICP: What do we know

and what do we need to know?” Journal of Economic Surveys, Vol. 18, No. 1, pp 79-112

Yule, G. U., (1926) “Why do we sometimes get nonsense correlations between time-series?- A study in

sampling and the nature of time series,” Journal of the Royal Statistical Society, Vol. 89, No. 1, January

1926, pg 1-63

’©8©J

308



Bekithemba Mpofu PhD Thesis

Appendix 4.1: Inflation measurement and calculation

While there has been controversy surrounding the causes of inflation as will be shown later,
there is considerable agreement on what it is. However, to understand its causes, how it is
measured and calculated there is need to define the phenomenon, which is generally
considered to be an increase in the price of goods and services over time. Beardshaw (1992)
adds purchasing power of money to this definition and notes that if there is a rise in the
general level of prices, such that the value of money declines then there is inflation. In this
regard when the price of goods and services rise the purchasing power of money falls, hence
Griffiths and Wall (2001) state that the rate of inflation measures the change in the purchasing
power of the money. When the purchasing power of money rises, thus the value of money
increases or there is a fall in the general level of prices for goods and services, this

phenomenon is termed deflation and is the opposite of inflation.

Parkin, Powell and Matthews (1997) who define inflation as a process in which the price level
is rising and money is losing value note that there are two features to the definition of inflation,
the first being that it is a monetary phenomenon thus it is the value of money that is changing
not the price level of one particular commodity and second it is an ongoing process, not a one-
shot affair. Alexander (2001) adds another dimension to this definition by saying the inflation
rate measures the percentage change in cost-of-living at various points in time. The definition
that equates inflation with the cost of living however is put to test when inflation is measured
using the Harmonised Index of Consumer Prices (HICP) which Wynne and Rodriguez-
Palenzuela (2004) state is not a cost of living index due to the way it is calculated and that it is

not a measure of the change in minimum cost of achieving the same standard of living. The
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consumer price index (CPI) also uses a base year consumer basket and inflation is then
calculated based on the changes in the prices of the commodities. The base year basket is
based on household surveys and in Africa these surveys are not done annually as in the case of
the United Kingdom but are carried out every five or more years. Given this length between
inflation basket weights change the basket looses touch with consumer expenditure patterns

and subsequently the true meaning of cost of living.

In addition to the above definitions another interesting issue on the subject of inflation is the
different measures that exist and the consensus that it can be measured in different ways. Each
measure will thus result in a different inflation rate and this can impact on the effect it will
have on the stock market. More so, an insight into inflation measurements provides useful
information that could be helpful in determining the existence of hidden inflation an issue
under review in this chapter. Most of the submissions in this section will follow the work done
by Beardshow (1992) and Griffiths and Wall (2001) unless otherwise referenced herein.
Inflation levels are normally measured through movements in their index and an index in this
context is a method of expressing the change of a number of variables through the movement
of one number with another static one called a base. The United Kingdom has in the last part
of the twentieth century used firstly the retail price index (RPI) and later RPI excluding
mortgage interest payments (RPIX) however from December 2003 this was changed to the
Harmonised Index of Consumer Prices (HICP) which is used by its European Union
counterparts. Reflecting the new roles as the main UK domestic measure of inflation for
macro-economic purpose the National Statistician decided that the UK HICP would be

known as the Consumer Price Index (CPI). CPI differs from RPIX in the particular
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households it represents, the range of goods and services included and the way the index is
constructed and these will be explored fully later in this section. Most African countries use
CPI as a measure of official inflation though they produce other forms of measurements to
help industry satisfactorily project the future. Currently Zimbabwe produces figures for both
CPI and the producer’s price index though it uses the former as a measure of inflation in the
country and produces the later quarterly and yearly. The producer price index measures the

changes in the selling price of output from domestic producers.

Inflation measures the change from period to period in the cost of a representative ‘basket’ of
goods and services bought by a typical household. The changes from this base as a measure of
inflation to other forms revealed above is precipitated by the challenges that are associated
with the use of this form of inflation rate calculation such as time factor, high rates of inflation,
quality changes, taxes and benefits, minorities and political implications. Since inflation indices
have a base year, which acts as a reference point for either increases or decreases in the
inflation rate, the time between the base year and year of calculation can be wide. Thus, time
lapse becomes a concern in that society expenditure patterns change, their tastes and interests
on commodities could be different, and though this is well reflected in the weights, the
challenge is that comparison of prices could be difficult when interpreting the meaning of the
index changes. The quality change challenges noted in the list above relates to the service and
goods provision which have changed over years and an example to this is television sets which
were black and white in the 1970s and are now different but this is not reflected in the index
calculations. The way the housing costs, especially mortgages interest, are treated in the

consumer price indices makes it an unreliable indicator of the underlying inflationary trend
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since only a fraction of the housing stock in many economies is mortgaged making mortgage
interest an unrepresentative measure. Given this mortgage interest argument some countries
like South Africa produce two types of inflation measures one without mortgage interest

payments and another with the interest.

The other measure of inflation is Harmonised Index of Consumer Prices (HICP), which has
been used predominantly by the European countries as a comparison tool to ensure control,
and to also ensure that admission adherence rules are kept in check. This measure is different
from the RPI previously produced in the UK in terms of calculation and coverage. The UK
RPI uses arithmetic mean, whereas the HICP uses the geometric mean. Another difference
relates to the basket of goods and services used in the computations of the two indices with
only a 87% similarity between them. The consumers’ expenditure deflator (CED) is also
another measure of inflation which is arrived at by comparing the national account estimates
of total consumers’ expenditure at current prices with those re-valued at constant prices. Thus
CED is a product of the national account and covers the personal expenditure of the whole
population. Other deflator measures of inflation include the government expenditure deflator
and the GDP deflator, and the later seeks to measure movements in the prices of the entire
basket of goods and services produced within a country and can be regarded as the most
comprehensive price index. One the other hand, the GDP deflator is more comprehensive and
arguably more accurate but its main challenge is that it is less up-to-date compared to other
indicators and is liable to greater revision. In 1979, the UK government introduced the taxes
and prices index (TPI) which sought to counter the view that the RPI did not give an accurate

view of the purchasing power because of government reduction of direct taxes. The taxes and
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pricing index (TPI) is arrived at by averaging changes in taxes and changes in the prices of
goods and services. The wholesale price index measures the rate of inflation at the wholesale
stage of the retail chain and it has two parts, the first giving the input prices (prices of raw
material and fuel) as they enter the factory and the second gives the output prices of goods as
they leave the factory. The two indices are used to give an indication of the future trends in
retail prices. Despite the existence of all these forms of inflation measures this paper looks at

the CPI, which is predominately used in African countries considered herein.

Appendix 4.2: Calculating an inflation Index

The measurements of inflation presented above have their own methods of calculation, which
are not entirely different, but their particular emphasis makes for the uniqueness of each
measurement. Beardshow (1992) indicates that there are three main questions that must be
answered in the construction of an inflation index thus; who the index is relevant to, what is to

be included and how the weights are to be allocated to different commaodities in the index.

According to Diewert (2002) there are four approaches to the construction of price index
numbers and these are, the fixed-basket approach, the test or axiomatic approach, the
stochastic approach and the economic approach. The fixed basket approach entails keeping
the basket constant either at the reference or current date and then comparing prices of goods
and services in both periods. For the Laspeyres pricing index the basket of goods is at the
initial reference year for which the current year is being compared with, and the comparison
here is to see how much the similarly weighted basket has changed in price from the initial year

to date. The HICP concept is thus built on this foundation and though countries can update
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these weights “.... each year for large changes in expenditure patterns,” (Wynne and
Rodriguez-Palenzuela, 2004 pg 82), Knipe (2006) confirms that the United Kingdom makes
surveys every December for weight changes in January for HICP calculations. The other index
associated with the basket approach is the Paasche price index which uses a current basket to
see changes in prices, thus the comparison is to see how much the current basket cost in the
price reference year compared to current prices. Diewert (2002) proves that the Paasche price
index will normally be significantly below the Laspeyres and as such the Fisher ideal price
index, which involves averaging the two indices, is favoured. The Walsh price index considers
an average basket quantify weights for the reference and the date of interest then applying the
prices at these different dates. The challenge with these approaches is that some current goods
might not have a price at both the reference point and the current year, given the change in
consumer tastes. An example of this is the ipod, memory stick and other technological items,
which might not have been in existence at the reference year or the floppy discs, which are no
longer sold widely. In addition to this challenge the issue of quality also comes in, a television
set or radio at the reference year might be different from that of the current year due to quality
differences and how to account for this objectively without bias and criticism could be hard.
Despite these shortcomings, Diewert (2002) considers the Fisher ideal index and the Walsh

price index as the best for the fixed basket approach.

The other approach to index construction theory is the test or axiomatic approach, which
according to Wynne and Rodriguez-Palenzuela (2004), involves running a series of tests and
hence seeks an index formula that satisfies a number of tests. Diewert (2002), who explains

these tests in detail, concludes that the Fisher ideal index is the best for this approach. The
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tests, which are beyond the scope of this research, include the time reversal test, invariance to
proportional changes in current quantities test, commensurability test, proportionality in
current prices test, inverse in proportionality in base period prices test, monotonicity in current
and base period prices tests, and the consistency in aggregate test. The Stochastic approach
involves the use of central tendency principles to determine which index type is the best and
again Diewert (2002) finds the Tornqvist Theil price index, which he defines as the expected
value of the distribution of the logarithmic price ratios, the most appropriate for this approach
to numbers theory. Finally, the economic approach is rooted to what Wynne and Rodriguez-
Palenzuela (2004) describe as neoclassical theory of consumer behaviour with the price index
considered as the change in the cost of attaining some reference level of utility between the
two periods. Diewert (2002) says the Torngvist Theil index, the Fisher ideal price index and
the Walsh price index can all be regarded as equally desirable for this approach given that each
has its own strengths on the economic approach tests. The above section on the approaches to
index number theory show how varied the calculation of inflation indices is and that it depends
on the approach that is used by an individual country or economic region. Knipe (2006) notes
that CPI on a month-to-month basis are a Laspeyres type price index since they reflect changes

in prices, not ongoing variations in consumer purchasing patterns.

The first step to be considered in the calculation of an inflation index is the selection of items
which are deemed to represent the shopping basket of the population. Knipe (2006) states that
in principle shopping basket should be calculated with reference to all consumer goods and
services purchased by households and prices measured in every shopping outlet that supplies

them. This is a big task, which might be unachievable in the face of time and resource
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constraints since weights are done annually in developed countries like the UK and more than
five years between in most African countries while prices are sought monthly. To counter this
challenge representative samples are taken and for Mauritius 370 outlets are considered
throughout the country in different regions while in the UK, Knipe (2006) says 650
representative goods and service are collected, in 150 different areas bring a total of 120 000
multiple quotations collected monthly. As noted above the challenge with this approach is how
to deal with a product that is no longer on the shelves or products, which are seasonal, that
Knipe (2006) notes that comparables will have to be taken or else a price adjustment will take
place. After the selected items have been collected using statistical methods the goods and
services will then have to be classified and weighted to differentiate their over proportion to a
household’s expenditure as reflected in the annual surveys data. Wynne and Rodriguez-
Palenzuela (2004) says the HICP classifies goods and services using the Classification of
individual consumption by purpose (COICOP), which was criticised by Triplett (2001) because

it is not rooted in economic theory.

The second stage in deriving the consumer price index involves collecting the price data
(Griffiths and Wall, 2001) and this happens on specific days of the month, which is between
the 12" and 18" of each month in Mauritius. The individual prices derived from either
geometric or arithmetic mean are then multiplied by the weights to arrive at an index value and
this can then be compared with other months or years to appreciate the actual movement of
the consumer prices with the reference year or base year important in this instance. If the
index value today is say Y and that of last year is X then the annual inflation rate will be given

by:
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[(Y - X)X '1] x 100 % A42

This method can also be repeated for month-to-month inflation rate by using last month index

value and the current month to determine the rate.

—_—
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Appendix 5.1: Unit root test results
5.1.1 Unit root test at levels
EXCHANGE RATE - UNIT ROOT TESTS AT LEVELS
Augumented Dickey
Fuller Phillips-Perron KPSS
Country Constant | Trend & C | Constant | Trend & C | Constant | Trend & C
Botswana -0.80 -1.79 -0.54 -1.69 1.85 0.25
Ghana -1.19 -1.48 -1.61 -0.22 1.93 0.25
Kenya -2.56 -0.85 -1.98 -1.20 1.65 0.42
Mauritius -0.43 -2.34 -0.42 -2.35 1.90 0.15*
Nigeria -1.32 -1.80 -1.31 -1.81 1.50 0.16*
South Africa -1.23 -1.06 -1.22 -1.24 1.77 0.23
Zimbabwe -1.93 -3.38 2.78 0.16 1.70 0.40
Critical Values
1% -3.46 -4.00 -3.46 -4.00 0.74 0.22
5% -2.87 -3.43 -2.87 -3.43 0.46 0.15
10% -2.57 -3.14 -2.57 -3.14 0.35 0.12
The unit root tests results for the exchange rate, the asterisk (*) represents cases where the Null is
rejected at 1% level of significance.

MONEY SUPPLY - UNIT ROOT TESTS AT LEVELS

Augumented Dickey

Fuller Phillips-Perron KPSS

Country Constant | Trend & C | Constant | Trend & C | Constant | Trend & C
Botswana -0.67098 -2.50418 -1.59200 | -3.56979* | 1.94743 | 0.15240**
Mauritius -3.89013* | -3.63556** | -5.41551* | -4.48828* 1.93184 0.46863
South Africa | -0.12786 -2.43484 -0.11863 -1.68747 1.93981 | 0.17146**
Zimbabwe -1.05228 -2.718227 -1.31108 | -3.75684* | 1.66454 0.27917
Critical Values

1% -3.46 -4.00 -3.46 -4.00 0.74 0.22

5% -2.87 -3.43 -2.87 -3.43 0.46 0.15

10% -2.57 -3.14 -2.57 -3.14 0.35 0.12

The unit root tests results for money supply, the asterisk (*) represents cases where the Null is
rejected at 1% level of significance, and double asterisk (**) represents where the Null is rejected
at 5% level of significance.

—_—

318

’©8©J



Bekithemba Mpofu PhD Thesis
INTEREST RATES - UNIT ROOT TESTS AT LEVELS
Augumented Dickey
Fuller Phillips-Perron KPSS

Country Constant | Trend & C | Constant | Trend & C | Constant | Trend & C
Ghana 0.16386 0.12534 -1.01335 -1.19588 0.44300*** 0.41185
Kenya -1.89414 -2.63643 -1.85736 -2.55850 0.91955 0.29007
Mauritius -2.45313 -2.99450 -1.62969 -1.96843 1.19182 0.20084
Nigeria -1.06638 -1.49534 -2.32237 -2.85763 0.44291** | 0.16312**
South Africa | -1.89169 -3.08605 -1.63912 -2.69066 0.91015 0.23036
Zimbabwe -1.92859 | -3.37802*** | -1.71803 -2.84268 1.47452 0.12444***
Critical Values

1% -3.46 -4.00 -3.46 -4.00 0.74 0.22

5% -2.87 -3.43 -2.87 -3.43 0.46 0.15

10% -2.57 -3.14 -2.57 -3.14 0.35 0.12
The unit root tests results for the interest rates, the triple asterisk (***) represents cases where the
Null is rejected at 10% level of significance, double asterisk (**) represents where the Null is
rejected at 5% and one asterisk (*) at 1% level of significance.

5.1.2 Differenced Series

EXCHANGE RATE - UNIT ROOT TESTS FIRST DIFFERENCE
Augumented Dickey
Fuller Phillips-Perron KPSS

Country Constant None Constant None Constant
Botswana -7.80* -7.29*% -15.15* -15.12* 0.10***
Ghana -3.41** -2.44 -9.92* -10.16* 0.33***
Kenya -4.15% -3.92** -11.21* -11.26* 0.30***
Mauritius -15.79* -15.75* -15.78* -15.75* 0.05***
Nigeria -13.90* -13.90* -13.90* -13.90* 0.17***
South Africa -15.20* -15.23* -15.24* -15.26* 0.17***
Zimbabwe -14.89* -15.36* -14.89* -15.37* 0.85
Critical Values

1% -3.46 -4.00 -3.46 -4.00 0.74

5% -2.87 -3.43 -2.87 -3.43 0.46

10% -2.57 -3.14 -2.57 -3.14 0.35
The unit root tests results for exchange rate, the asterisk (*) represents cases where the
Null is rejected at 1% level of significance, double asterisk (**) represents where the Null
is rejected at 5% level of significance and the triple asterisk (***)at the 10% level.
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MONEY SUPPLY - UNIT ROOT TESTS FIRST DIFFERENCE
Augumented Dickey
Fuller Phillips-Perron KPSS

Country Constant None Constant None Constant
Botswana -6.22442* -3.92548** | -20.20622* | -20.37807* | 0.18558***
Mauritius -4.27726* -1.78252 -14.54409* | -15.41254* 1.24197
South Africa -16.66777* | -16.63275* | -16.83598* | -16.80821* | 0.22149***
Critical Values

1% -3.46 -4.00 -3.46 -4.00 0.74

5% -2.87 -3.43 -2.87 -3.43 0.46

10% -2.57 -3.14 -2.57 -3.14 0.35
The unit root tests results for money supply, the asterisk (*) represents cases where the
Null'is rejected at 1% level of significance, double asterisk (**) represents where the Null
is rejected at 5% level of significance and the triple asterisk (***)at the 10% level.

INTEREST RATES - UNIT ROOT TESTS FIRST DIFFERENCE
Augumented Dickey
Fuller Phillips-Perron KPSS

Country Constant None Constant None Constant
Botswana
Ghana -6.84666* -6.85294* | -10.41536* | -10.50141* | 0.26735***
Kenya -12.09905* | -12.10011* | -12.46090* | -12.45920* | 0.07113***
Mauritius -2.35049 -2.32350 -18.53018* | -18.39852* | 0.10280***
Nigeria -10.34475* | -10.34246* | -10.34475* | -10.32772* | 0.07911***
South Africa -8.89739* -8.98025* -9.00020* | -8.91790* | 0.17924***
Zimbabwe -9.32022* -9.30213* -9.42040* | -9.40284* | 0.03798***
Critical Values

1% -3.46 -4.00 -3.46 -4.00 0.74

5% -2.87 -3.43 -2.87 -3.43 0.46

10% -2.57 -3.14 -2.57 -3.14 0.35
The unit root tests results for interest rates, the asterisk (*) represents cases where the
Null'is rejected at 1% level of significance, double asterisk (**) represents where the Null
is rejected at 5% level of significance and the triple asterisk (***)at the 10% level.
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Appendix 5.2: Diagnostic Tests for ARIMA univariate models

To check if there is serial correlation left in the residuals of the ARIMA models a Ljung-Box

test is performed on the above models. Thus the test is done to determine if the residuals are

random or there is linear dependency of the residuals in the model. The correlogram could be

checked to determine this but this is not so conclusive hence the Q-statistics were checked

against critical values at 5% for different degrees of freedom using the following hypothesis;

H,: Residuals are random

H,: Residuals are not random

DF Q-statistics
Z(zoos)
Botswana | Ghana [ Kenya Mauritius Nigeria | South | Zimbabwe
Africa
A S S A S A S A S A S

1 3.8 00 [ 0.2 0.0 0010000 (02]00]| 04 0.0 0.0 | 0.0

2 6.0 00 [ 03 0.3 00104100 (05]00]| 14 0.0 00 | 01

3 7.8 01 [ 20 0.8 001221000800 16 0.7 0.1 | 01
4 9.5 06 | 2.7 0.9 0053105170216 1.3 0.1 | 1.0

5 11.1 09 |49 11 00| 55|16 ] 26 |05 3.8 2.2 01 |13

6 12.6 09 |49 1.2 011101 16 |38 |07 41 4.0 01 |13

7 141 09 | 54 14 04 110113943 |11| 41 5.6 15 | 26

8 155 13 |54 1.7 05121 41 | 47 |17 | 45 5.8 16 | 29

9 16.9 16 | 56 2.9 06 |130| 45 | 82 |21 438 59 16 | 35
10 18.3 22 | 74 3.3 12 |1145) 66 (104 (28| 54 7.3 6.6 |14.8
11 19.7 34 198 4.9 311159 68 10730 6.1 84 [ 106 | 149
12 210 (114201 54 47 (187 69 | 111|132 | 7.7 | 27.7 | 113 | 16.1
13 224 (133|213 1.7 49 (187110155159 (103 29.7« | 115 | 182
14 237 (139214 7.7 55 119711271170 631|103 ] 29.7 | 155 | 183
15 250 (139214 79 90212128 ]172|65|104] 30.0 | 16.3 | 185
‘A’ represents the results of the AIC (Alkaike) models and ‘S’ represents the results of the BIC (Schwarz)
models. The figure with asterisk (*) are above the critical values and the hypothesis is this case is rejected.

Ljung-Box test result

321



Bekithemba Mpofu PhD Thesis

The Table above shows the results of this test and most of the values of the Q-statistic are
below the critical values at different degrees of freedom at 5% LOS, which means the null
hypothesis is not rejected. This implies that the residuals of all the models are random and the
influences to the models have been picked. The only results where the hypothesis is rejected at
5% LOS are those obtained from the South Africa ARIMA model from 12 to 15 degrees of

freedom, these however pass at 10% LOS.

The other test for the ARIMA models is the Breusch-Godfrey LM test, which tests whether or
not the error terms are auto-correlated thus related to each other. This is to examine the
relationship of error terms with several of its lagged values at the same time. The hypothesis
for this test is:

H,: No residual autocorrelation

H,. There is residual autocorrelation

The next Table presents the results of this test as well and most of the calculated values of the
different country models are less than the critical value of 5.99 at 5% level of significant with 2
degrees of freedom except Ghana (Akaike), Kenya (Schwarz), Mauritius (Schwarz), and South

Africa.

Botswana | Ghana Kenya | Mauritius | Nigeria |South| Zimbabwe
A[S|A[S|A[S|A[S|[A]S AMTATS

Obs*Rz | 003 [0.71 [18:89[1.08[0.10(8.95 [0.42 [ 8.76 [ 2.07| 1.33[14.90 [ 0.17 [ 1.76

‘A’ represents the results of the AIC (Alkaike) models and ‘S’ represents the results of the BIC
(Schwarz) models.

Breusch-Godfrey LM test results

The null hypothesis in this case is not rejected and we conclude that the residuals of the

ARIMA models are not auto-correlated. The null hypothesis is not rejected at 5% LOS for
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Ghana Akaike information criteria ARIMA after 11 degrees of freedom, Kenya’s Schwarz
ARIMA after 4 degrees of freedom, Mauritius’ Schwarz ARIMA model after 4 degrees of
freedom, and South African ARIMA model after 8 degrees of freedom. Despite rejecting the
Breusch-Godfrey LM test the above models was taken to the next step to see how their

forecast results compare with other models to be considered later.

—_—
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Appendix 5.3: Univariate models forecast results

5.3.1 Actual forecast results

MAURITIUS UNIVARIATE FORECASTING RESULTS

Type of | Forecast

forecast Period Model RMSE MAE MAPE TIC BP
ARIMA-S 0.005071 0.004837 | 303.0309 | 0.357161 [ 0.909825
ARIMA-K 0.004845 0.004723 | 304.6839 | 0.343647 | 0.950232
3 GARCH 0.003461 0.003312 | 169.0762* | 0.372142 | 0.00506*
Months [ GARCH-AK | 0.002716* | 0.002078* | 187.2662 | 0.23994* | 0.498268
GARCH-AS 0.0028 0.002228 | 192.4267 0.25097 0.410879
AR(1) 0.004397 0.004212 | 287.5015 | 0.392237 | 0.232851
ARIMA-S 0.008692 0.007519 | 203.2883 | 0.420429* | 0.008034*
ARIMA-K 0.008709 0.007676 | 208.6107 | 0.421618 [ 0.009108
Out of 6 GARCH 0.009612 0.007048 | 116.5871* | 0.587853 | 0.260863

Sample | Months [GARCH-AK | 0.008256* | 0.005687* | 120.2679 | 0.456922 | 0.175658

Forecasts GARCH-AS | 0008301 | 0005792 | 122.8765 | 046234 | 0.184789
AR() 0009127 | 0.007271 | 180.8907 | 0.507218 | 0.130011
ARIMAS 0.007291 | 0006381 | 354.7243 | 041728 | 0.000755
ARIMA-K 0007257 | 0.006343 | 334.3255 | 0415702 | 0.000422%
12 [ GARCH 0007802 | 0006116 | 237.1685* | 0549647 | 013748

Months | GARCH-AK 0.00664* 0.004782* | 345.6791 | 0.406249 [ 0.026497

GARCH-AS 0.006718 0.00484 367.3594 [ 0.405913* | 0.016485

AR(1) 0.007488 0.006228 | 322.9752 | 0.476948 [ 0.035122
ARIMA-S 0.012049 0.007419* | 36.96525* | 0.554942 | 0.287501*
ARIMA-K 0.012972 0.008944 | 37.34229 | 0.643465 [ 0.383711
3 GARCH 0.012485 0.008412 | 47.52836 | 0.634656 | 0.453985

Months | GARCH-AK 0.011929 0.007931 42.8514 0.586705 [ 0.425354

GARCH-AS 0.01207 0.007975 | 42.33346 0.59816 0.431467

AR(1) 0.011619* 0.007473 384703 | 0.553661* | 0.373379
ARIMA-S 0.008972 0.006199 | 115.8518 | 0.498602* | 0.001924
ARIMA-K 0.009846 0.007092 | 146.5522 | 0.535226 [ 0.000029*
In- 6 GARCH 0.009204 0.005592 | 88.19755* | 0.602011 [ 0.093893

S I
Foroests | Months [ GARCH-AK | 000898 | 0.005467* | 9222618 | 0557712 | 0051296

GARCH-AS 0.009041 0.00547 91.63472 | 0.564558 | 0.054819

AR(1) 0.008861* 0.005724 | 107.8363 | 0.534026 | 0.029297
ARIMA-S 0.006736 0.004474 | 111.1224 | 0.451023* | 0.033139
ARIMA-K 0.006894 0.00439 111.6831 0.4705 0.021863
12 GARCH 0.006698 0.003815* | 106.5372* | 0.541358 0.01346

Months | GARCH-AK [ 0.006467* 0.004204 | 1449306 | 0.467299 [ 0.010507

GARCH-AS 0.006478 0.00428 149.8259 0.46394 0.01477

AR(1) 0.006677 0.004361 | 149.1392 | 0.486315 [ 0.00757*

The figures with asterisk (*) are have the best models in each forecast period using a particular forecast
determination criterion.
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NIGERIA UNIVARIATE FORECASTING RESULTS RANKING

ype of FF‘,’erficoa;t Model | RMSE | MAE | MAPE| TIC BP Total

ARIMASS | -0.0367 | -0.6637 | -0.7875 | 0.1099 | 0.0755 | -1.3025

Moiths ARIMA-K | 10178 | -0.4864 | 11251 | 0.9405 | 0.9601 | 35571

AR(1) 09812 | 1.1502 | -0.3376 | -1.0504 | -1.0356 | -2.2546*

Out of . |ARIMAS | 00301 [ 05045 | -0.4327 | 01134 [ 10099 [ -3.796*

Sample ARIMA-K | 10514 | 11545 |-07108 | 1.0519 | 0.2455 | 2.7926
Forecasts Months

AR(1) 01123 | -05601 | 1.1435 | -0.9385 | 0.8544 | 023870

ARIMA-S | -0.6427 | -0.3873 | -0.0911 | -0.0984 | -0.5301 | -1.7496

Molﬁths ARIMA-K | -05095 | -0.7484 | -09513 | 1.0456 | -0.6234 | -1.7870*

AR(1) 11521 | 11357 | 1.0424 | -0.0472 | 1.1534 | 35366

ARIMASS | 0.1862 | 01228 | -0.0265 | 0.0085 | 0.0550 | 1.2460

Mof]ths ARIMA-K | -1.0800 | -1.0557 | -0.9865 | -1.0715 | -1.0263 | -5.2201*

AR(1) 08938 | 0.9329 | 1.0130 | 0.1630 | 09714 | 3.9741

n. . |ARIMAS | 00583 [ 04738 | 10975 [ 08797 | 0.2016 | 22003

sample ARIMA-K | 1.025 | 0.9017 | -0.8597 | 0.2079 | -1.0854 | 0.1900
Forecasts Months

AR(1) 09723 | -1.0755 | -0.2378 | -1.0876 | 0.8838 | -2.4893*

, | ARIMAS | 08650 | 0.752 |-05154 | -0.1424 [ -0.3408 | 07416

Months | ARIMAK | 02300 | 02147 |-0.6372 | 1063 | -0.7850 | 00860

AR(1) 11,0950 | -1.0899 | 1.1526 | -0.9212 | 1.1259 | -0.8276*

The figures with asterisk (*) are have the best models in each forecast period using a particular forecast
determination criterion.
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ZIMBABWE UNIVARIATE FORECASTING RESULTS

Type of Forecast

forecast Period Model RMSE MAE MAPE TIC BP
ARIMA-S 0.078967 | 0061272 | 837011 | 0750197 | 0.131443
ARIMA-K 0.098864 | 0.077892 | 199.2573 | 0.84061 | 0.353151
GARCH 0.00216 | 0.071503 | 100519 | 0.998881 | 0.139891
3Months "~ \RCH-AK | 0119533 | 0.11539 | 43.59013* | 0.203356* | 0.931875
GARCH-AS | 0.07619* | 0.060743* | 9027922 | 070153 | 0.114871*
AR(1) 0085000 | 0.06561 | 8294201 | 0.87187 | 0.133621
ARIMA-S 0.070473 | 0.053311 | 93.4016* | 0.807348 | 0.001945
ARIMA-K 0.08015 | 0.065749 | 228.8611 | 0.764217 | 0.1608
Out of GARCH 007799 | 00583 | 100.7082 | 0.998052 | 0.005967
sample | 6 Months
o GARCH-AK | 0.101225 | 0.088433 | 3549682 | 0.270317* | 0.763234
GARCH-AS | 0.068863* | 0.052001* | 9524466 | 0.76814 | 0.000557*
AR(L) 0074722 | 0055718 | 937775 | 0.90475 | 0.003292
ARIMA-S 0.093458 | 0.072613 | 9669522 | 0.907541 | 0.027105
ARIMA-K 0.095686 | 0.076522 | 202.9202 | 0.805987 | 0.08614
12 GARCH 0.096424 | 0.075138 | 9950798 | 0.998592 | 0.030823

Months | GARCH-AK | 0.128464 | 0.11445 | 47.49065* | 0.340351* | 0.65902

GARCH-AS | 0.092859* | 0.072411* | 97.62232 | 0.887348 | 0.024879*

AR(1) 0.094943 | 0.073662 | 99.87793 | 0.952368 | 0.027141

ARIMA-S 0.027048 | 0.023664 | 80.38623 | 0.622729 | 0.334311

ARIMA-K | 0079771 | 0.076897 | 310.6214 | 0.946012 | 0.321432

3 Months |- SARCH 0.033125 | 0.030445 | 997158 | 0.9934 | 0.111343*
GARCH-AK | 0037908 | 0.02618 | 13.43338* | 0.117661* | 0.380102

GARCH-AS | 0031676 | 0.028815 | 94.47829 | 0.883743 | 0.157885

AR(1) 0.02333* | 0.019111* | 7751918 | 0.438187 | 0.671038

ARIMA-S 0.066058 | 0.055126 | 7797522 | 0.352407 | 0.058295

ARIMA-K | 0118515 | 0.108953 | 328.1413 | 0.38027 | 0.282882

In-Sample | 6 Months | GARCH 0.124637 | 0.090263 | 99.81305 | 0.998316 | 0.075878

GARCH-AK | 0.052935 | 0.045363 | 28.47875 | 0.16605* | 0.237263

GARCH-AS [ 0.065459* | 0.05606 | 84.85897 | 0.32851 | 0.012922*

AR(1) 0.071838 | 0.051989* | 66.37433* | 0.401538 | 0.109328
ARIMA-S 0.066058* | 0.055126* | 77.97522 | 0.352407* | 0.058295

ARIMA-K 0.141785 | 0.114084 | 372.627 | 0.655404 | 0.21154

12 GARCH 0.105687 | 0.069885 | 100.1581 | 0.998493 | 0.001047*

Months | GARCH-AK | 0.127839 | 0.105946 | 58.6554* | 0.541008 | 0.686819

GARCH-AS 0.105573 | 0.069189 | 96.47466 | 0.883979 | 0.004126

AR(1) 0.104945 | 0.06834 | 9368061 | 0.877302 | 0.002051
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The figures with asterisk (*) are have the best models in each forecast period using a particular forecast
determination criterion.

5.3.2 Z-Score normalised results

BOTSWANA UNIVARIATE FORECASTING RESULTS RANKING
Type of | Forecast
torecast | Period Model |[RMSE | MAE | MAPE | TIC BP Total
ARIMA-S | -0.811 | 0601 | 0528 | -0.998 | 0.906 [ -2.032
3 Months | ARIMA-K | 1.117 | 1154 | 1.153 | 1.002 | 0.168 | 4.595
AR(1) -0.307 | -0553 | -0.626 | -0.005 | -1.073 | -2.564*
Out of ARIMA-S | 0470 | 1.154 | 0467 | 0473 | 0525 | 3.089
Sample | 6 Months [ ARIMA-K | 0679 | -0546 | 0.681 | 0675 | 0.628 | 2.118
Forecasts AR(1) -1.148 | -0608 | -1.148 | -1.149 | -1.153 | -5.207*
ARIMA-S | 0460 | 0.443 | 0463 | 0466 | 0527 | 2.360
Molﬁths ARIMA-K | 0687 | 0702 | 0685 | 0682 | 0626 | 3.381
AR(1) -1.147 | -1.145 | -1.148 | -1.148 | -1.153 | -5.741*
ARIMA-S | -0.102 | 0623 | 1.137 | -0.170 | -0479 | 1.009
3 Months | ARIMA-K | -0.945 | -1.153 | -0.394 | -0904 | -0.671 | -4.067*
AR(1) 1.047 | 0531 | 0743 | 1074 | 1.149 | 3.058
In- ARIMA-S 1133 | 1.070 | 0993 | 1145 | 0346 | 4.686
Sample | 6 Months | ARIMA-K | -0.761 | -0911 | -1.007 | -0.704 | 0.781 | -2.602*
Forecasts AR(1) -0372 | 0158 | 0014 | -0441 | -1127 | -2.085
ARIMA-S | 0872 | 0742 | -1.012 | 0842 | 0709 | 2.153
Molﬁths ARIMA-K | 0220 | 0.395 [ 0025 | 0263 | 0435 | 1.338
AR(1) -1.092 | -1.137 | 0987 | -1.105 | -1.144 | -3.491*
The z-score total figures with asterisk (*) are have the best models in each forecast period.
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SOUTH AFRICA UNIVARIATE FORECASTING RESULTS RANKING

foocast | Period | Model | RMSE | MAE | MAPE | TIC BP | Total
3 | ARIMA | -0.7071 | -07071 | -07071 | -0.7071 | -0.7071 | -3.5355*

Months | ARty | 0.7071 | 0.7071 | 07071 | 07071 | 0.7071 | 3.5355

Salrﬁsfe 6 |ARIMA | 07071 | 07071 | -07071 | 07071 | 0.7071 | 2.1213

Forecasts | MoNths [ aAra1) | -07071 | -0.7071 | 0.7071 | -0.7071 | -0.7071 | -2.1213*

12 ARIMA | 0.7071 | 0.7071 | -0.7071 | 0.7071 | 0.7071 2.1213

Months | Ar(1) | -0.7071 | -0.7071 | 0.7071 | -0.7071 | -0.7071 | -2.1213*

3 ARIMA | -0.7071 | -0.7071 | -0.7071 | -0.7071 | -0.7071 | -3.5355*

Months | AR(1) 0.7071 | 0.7071 | 0.7071 | 0.7071 | 0.7071 | 3.5355

In-Sample 6 ARIMA | -0.7071 | -0.7071 | -0.7071 | -0.7071 | -0.7071 | -3.5355*

Forecasts | Months | Ag() 0.7071 | 0.7071 | 0.7071 | 0.7071 | 0.7071 | 3.5355

12 ARIMA | 0.7071 | 0.7071 | -0.7071 | 0.7071 | 0.7071 2.1213

Months | Ar(1) | -0.7071 | -0.7071 | 0.7071 | -0.7071 | -0.7071 | -2.1213*

The z-score total figures with asterisk (*) are have the best models in each forecast period.

GHANA UNIVARIATE FORECASTING RESULTS RANKING
Bgcea‘;{ FF‘,’gficoajt Model | RMSE | MAE | MAPE| TIC BP | Total
3 ARIMA-S -0.4024 | -0.3930 | -0.3866 | -0.3612 | -0.1534 | -1.6966
Months ARIMA-K -0.7361 | -0.7438 | -0.7490 | -0.7692 | -0.9144 | -3.9125*
AR(1) 1.1385 | 1.1368 | 1.1356 | 1.1304 | 1.0678 | 5.6092
Out of 6 ARIMA-S -0.4594 | -0.5034 | -0.4310 | -0.4480 | -0.3593 | -2.2011
Sample |\, .. | ARIMA-K | -0.6877 | -0.6482 | -0.7123 | -0.6977 | -0.7707 | -3.5166*
Forecasts AR(1) 1.1472 | 1.1517 | 1.1432 | 1.1457 1.1300 5.7177
1 ARIMA-S -0.5361 | -0.5377 | -0.4878 | -0.5454 | -0.3305 | -2.4376
Months | ARIMA-K | -0.6176 | -0.6161 | -0.6625 | -0.6087 | -0.7929 | -3.2978*
AR(1) 11537 | 1.1538 | 1.1503 | 1.1541 1.1234 5.7354
ARIMA-S -0.2268 | -0.2226 | -0.2245 | -0.1691 | 0.0788 | -0.7640
Moiths ARIMA-K -0.8671 | -0.8700 | -0.8687 | -0.9047 | -1.0371 | -4.5476*
AR(1) 1.0939 | 1.0925 | 1.0932 | 1.0738 | 0.9582 | 5.3116
In- ARIMA-S -0.2468 | -0.4190 | -0.3308 | -0.2097 | 0.1435 | -1.0628
Sample Mo?ﬂhs ARIMA-K -0.8535 | -0.7223 | -0.7927 | -0.8785 | -1.0640 | -4.3110*
Forecasts AR(1) 11003 | 1.1413 | 1.1235 | 1.0882 | 0.9205 | 5.3739
ARIMA-S -0.2601 | -0.1093 | -0.0947 | -0.4730 | -0.2632 | -1.2004
Molr?ths ARIMA-K -0.8442 | -0.9409 | -0.9493 | -0.6757 | -0.8421 | -4.2522*
AR(1) 1.1044 | 1.0502 | 1.0440 | 1.1488 1.1053 5.4525
The z-score total figures with asterisk (*) are have the best models in each forecast period.
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MAURITIUS UNIVARIATE FORECASTING RESULTS RANKING

Type of | Forecast

forecast Period Model RMSE MAE MAPE TIC BP Total
ARIMA-S 1.1537 | 1.0427 | 0.9744 | 04825 | 1.0961 | 4.7494

ARIMA-K 0.9345 | 0.9493 | 1.0002 | 0.2731 | 1.2045 | 4.3615
3 GARCH -0.4081 | -0.2074 | -1.1184 | 0.7146 | -1.3308 | -2.3501

Months | GARCH-AK | -1.1307 | -1.2190 | -0.8342 [ -1.3334 [ -0.0078 | -4.5252*

GARCH-AS | -1.0492 | -1.0960 | -0.7536 | -1.1626 | -0.2422 | -4.3037

AR(1) 04999 | 05304 | 0.7317 | 1.0259 | -0.7198 | 2.0681

ARIMA-S -0.1762 | 0.7862 | 1.0214 | -0.8779 | -1.1808 | -0.4272

ARIMA-K | -0.1432 | 0.9659 | 1.1435 | -0.8591 | -1.1702 | -0.0631

Out of 6 GARCH 1.6081 | 0.2470 | -0.9671 | 1.7639 | 1.3061 | 3.9581
Sample | Months | GARCH-AK | -1.0217 | -1.3108 | -0.8827 | -0.3020 | 0.4680 | -3.0492*
Forecasts GARCH-AS | -0.9345 | -1.1906 | -0.8228 | -0.2165 | 0.5578 | -2.6066
AR(1) 0.6675 | 0.5023 | 05077 | 0.4916 | 0.0190 | 2.1881

ARIMA-S 0.2047 | 0.7909 | 05933 | -0.4857 | -0.6864 | 0.4168

ARIMA-K 0.1288 | 0.7407 | 0.1562 | -0.5131 | -0.6929 | -0.1803

12 | GARCH 1.3457 | 0.4412 | -1.9260 | 1.8097 | 1.9668 | 3.6373

Months | GARCH-AK | -1.2490 | -1.3192 | 0.3995 | -0.6770 | -0.1869 | -3.0325*

GARCH-AS | -1.0748 | -1.2426 | 0.8641 | -0.6828 | -0.3812 | -2.5173

AR(1) 0.6446 | 0.5890 | -0.0871 | 0.5490 [ -0.0195 | 1.6760

ARIMA-S -0.2914 | -1.0473 | -0.9646 | -1.0543 | -1.7586 | -5.1163*

ARIMA-K 1.6528 [ 1.5854 | -0.8725 [ 1.2603 | -0.1482 | 3.4777
3 GARCH 0.6270 | 0.6670 | 1.6150 | 1.0300 [ 1.0281 | 4.9670

Months [ GARCH-AK | -05441 | -0.1634 | 0.4728 | -0.2238 | 05488 | 0.0903

GARCH-AS | -0.2471 | -0.0875 [ 0.3464 [ 0.0757 | 0.6511 | 0.7386

AR(1) -1.1971 | -0.9541 | -0.5971 | -1.0878 | -0.3212 | -4.1573

ARIMA-S -0.4981 | 0.4343 | 0.3975 | -1.4362 | -1.0235 | -2.1259*

ARIMA-K 1.0385 | 1.8444 | 1.7841 | -0.3860 | -1.0764 | 4.1046
In- 6 GARCH 0.1487 | -0.5243 | -0.8514 | 1.5289 | 1.5470 | 1.8489

Sample
Forecasts | Months | GARCH-AK | -0.4758 | -0.7217 | -0.6695 | 0.2587 | 0.3564 | -1.2518

GARCH-AS | -0.3057 [ -0.7169 | -0.6962 [ 0.4550 | 0.4549 | -0.8090

AR(1) -0.8076 | -0.3158 | 0.0355 | -0.4204 | -0.2584 | -1.7667
ARIMA-S 0.4769 | 0.9394 | -0.8430 | -0.9048 | 1.7474 | 1.4159
ARIMA-K 1.4470 [ 0.5807 | -0.8163 | -0.2982 | 0.5352 | 1.4484
12 GARCH 0.2436 | -1.8745 | -1.0607 | 1.9089 | -0.3682 | -1.1510

Months [GARCH-AK | -1.1748 | -0.2135 | 0.7626 | -0.3979 | -0.6856 | -1.7093

GARCH-AS | -1.1073 | 0.1110 | 0.9950 | -0.5025 | -0.2274 | -0.7311

AR(1) 0.1146 | 0.4569 | 0.9624 | 0.1944 | -1.0014 | 0.7270

The z-score total figures with asterisk (*) are have the best models in each forecast period.

329 ~=



Bekithemba Mpofu PhD Thesis

ZIMBABWE FORECASTING RESULTS RANKING

Type of | Forecast

. Model RMSE MAE MAPE TIC BP Total
forecast Period
ARIMA-S -0.8164 | -0.6844 | -0.3125 | 0.0307 | -0.5261 | -2.3087
ARIMA-K 0.4360 | 0.1206 | 1.8963 | 0.4025 | 0.1626 3.0181
3 GARCH 0.0140 | -0.1889 | 0.0090 | 1.0535 | -0.4999 | 0.3878

Months [ GARCH-AK | 1.7369 | 1.9370 | -1.0791 | -1.8483 | 1.9605 2.7070

GARCH-AS | -0.9912 | -0.7101 | -0.1867 | -0.1695 | -0.5776 | -2.6351*

AR(1) -0.3794 | -0.4743 | -0.3270 | 0.5311 | -0.5194 | -1.1690
ARIMA-S -0.7177 | -0.6690 | -0.2267 | 0.2185 | -0.5064 | -1.9014
ARIMA-K 0.1061 | 0.2463 [ 1.8891 [ 0.0478 [ 0.0159 2.3052
Out of 6 GARCH -0.0778 | -0.3019 | -0.1126 | 0.9730 | -0.4932 | -0.0124
Sample | Months | GARCH-AK | 1.9001 | 1.9157 [ -1.1311 | -1.9065 | 1.9967 2.7749
Forecasts GARCH-AS | -0.8547 | -0.6992 | -0.1979 | 0.0633 | -0.5110 | -2.1995*
AR(1) -0.3560 | -0.4919 | -0.2208 | 0.6039 | -0.5020 | -0.9668
ARIMA-S -0.4941 | -0.4944 | -0.2087 | 0.3816 | -0.4542 | -1.2697
ARIMA-K -0.3333 | -0.2583 | 1.8712 | -0.0388 | -0.2219 | 1.0189
12 GARCH -0.2801 | -0.3419 | -0.1536 | 0.7585 | -0.4395 | -0.4565

Months [ GARCH-AK | 2.0317 | 20321 | -1.1721 | -1.9665 | 20325 | 29578

GARCH-AS [ -0.5373 | -0.5066 | -0.1905 | 0.2980 | -0.4629 | -1.3993*

AR(1) -0.3869 | -0.4310 | -0.1463 | 0.5672 | -0.4540 | -0.8511
ARIMA-S -0.5685 | -0.4939 | -0.3174 | -0.1290 | 0.0250 | -1.4838
ARIMA-K 1.9800 | 2.0049 | 1.9444 | 0.8141 | -0.0400 | 6.7036
3 GARCH -0.2748 | -0.1756 | -0.1275 | 0.9524 | -1.1002 | -0.7256

Months | GARCH-AK | -0.0436 | -0.3758 | -0.9751 | -1.6025 | 0.2561 | -2.7409*

GARCH-AS [ -0.3448 | -0.2521 [ -0.1789 | 0.6325 [ -0.8653 | -1.0087

AR(1) -0.7483 | -0.7076 | -0.3455 | -0.6674 | 1.7243 | -0.7446
ARIMA-S -0.5654 | -0.5034 | -0.3376 | -0.2977 | -0.6657 | -2.3698

ARIMA-K 1.1607 | 1.6079 | 1.9894 | -0.2006 | 1.4362 | 5.9936

In. 6 GARCH 13622 | 0.8749 | -0.1345 | 1.9527 | -0.5012 | 3.5541
sample | Months | GARCH-AK | -0.9972 | -0.8863 | -0.7981 | -0.9470 | 1.0092 | -2.6193
Forecasts GARCH-AS | -0.5851 | -0.4667 | -0.2736 | -0.3810 | -1.0904 | -2.7968*
AR(1) -0.3752 | -0.6264 | -0.4456 | -0.1265 | -0.1881 | -1.7618
ARIMA-S -1.6548 | -1.0678 | -0.4675 | -1.4917 | -0.3788 | -5.0608*

ARIMA-K 1.2875 | 1.4203 | 2.0240 | -0.2557 | 0.1884 | 4.6643

12 GARCH -0.1150 | -0.4449 | -0.2799 | 1.1437 | -0.5907 | -0.2868

Months I'GARCH-AK | 0.7456 | 10768 | -0.6308 | -0.7224 | 1.0473 | 24166

GARCH-AS [ -0.1195 | -0.4743 [ -0.3111 | 0.6766 [ -0.5793 | -0.8075

AR(1) -0.1439 | -0.5101 | -0.3347 | 0.6494 | -0.5870 | -0.9262

The z-score total figures with asterisk (*) are have the best models in each forecast period.
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Appendix 5.4: Cointegration test results
5.4.1 Engle-Granger 2-Step Cointegration Method
UNIT ROOT TESTS FOR RESIDUALS-CPI & INTEREST RATE
Augumented Dickey
Fuller Phillips-Perron KPSS
Country A T&C | None A T&C None A T&C
Ghana -4.79* -4.98* | -4.80* | -9.87* -10.16* -9.88* | 0.32*** | 0.09***
Kenya -7.26* -6.42* | -7.28* | -12.61* | -12.66* | -12.64* | 0.46** | 0.14*
Mauritius -7.81* -7.96* | -7.82* | -14.82* | -14.83* | -14.84* | 0.30*** | 0.05***
Nigeria -2.62%* | -10.18* | -2.64* -9.79* -11.01* -9.81* 1.03 0.23
South Africa -4.59* | -12.48* | -4.60* | -10.30* | -12.55* | -10.32* 1.62 | 0.11*%*
Critical Values
1% -3.46 -4.00 -2.57 -3.46 -4.00 -2.57 0.74 0.22
5% -2.87 -3.43 -1.94 -2.87 -3.43 -1.94 0.46 0.15
10% -2.57 -3.14 -1.62 -2.57 -3.14 -1.62 0.35 0.12
Unit root tests results for the residual series of the inflation and interest rates regression. The triple
asterisk (***) representing situations where the Null is rejected at 10% level of significance, double
asterisk (**) represents where the Null is rejected at 5% and one asterisk (*) at 1% level of
significance. ‘A’ stands for constant, ‘T&C’ trend and constant and ‘None’ without trend or
constant.
UNIT ROOT TESTS FOR RESIDUALS-CPI & MONEY SUPPLY
Augumented Dickey
Fuller Phillips-Perron KPSS
Country A T&C | None A T&C None A T&C
Botswana -5.90* | -13.76* | -5.92* | -14.39* | -14.55* | -14.41* 0.70* | 0.13*
Mauritius -7.73* -7.87* -7.75*% | -14.82* | -14.85* | -14.84* | 0.29*** | 0.05***
South Africa -5.28* -7.01* -5.29* -8.64* -10.77* -8.65* 1.52 | 0.08***
Critical Values
1% -3.46 -4.00 -2.57 -3.46 -4.00 -2.57 0.74 0.22
5% -2.87 -3.43 -1.94 -2.87 -3.43 -1.94 0.46 0.15
10% -2.57 -3.14 -1.62 -2.57 -3.14 -1.62 0.35 0.12

Unit root tests results for the residual series of the inflation and money supply regression. The triple
asterisk (***) representing situations where the Null is rejected at 10% level of significance, double

asterisk (**) represents where the Null is rejected at 5% and one asterisk (*) at 1% level of
significance. ‘A’ stands for constant, ‘T&C’ trend and constant and ‘None’ without trend or

constant.
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UNIT ROOT TESTS FOR RESIDUALS-CPI & ALL VARIABLES
Augumented Dickey Fuller Phillips-Perron KPSS

Country A T&C None A T&C None A T&C
Botswana -13.62* | -13.76* | -13.65* | -14.32* | -14.37* | -14.34* | 0.31*** | 0.13***
Ghana -5.19* -5.26* -5.20* -9.98* | -10.12* | -9.99* | 0.21*** | 0.08***
Kenya -6.50* -6.76* -6.52* -12.75* | -12.87* | -12.78* | 0.47* | 0.15**
Mauritius -7.92* -7.98* -7.93* -14.95*% | -14.94* | -14.98* | 0.17** | 0.04***
Nigeria -2.60** | -10.06* -2.61* -9.46* -10.92* -0.48* 1.02 0.24
South Africa -4.48* -8.12* -4.49* -10.63* | -12.89* | -10.65* 1.63 | 0.10***
Critical Values

1% -3.46 -4.00 -2.57 -3.46 -4.00 -2.57 0.74 0.22

5% -2.87 -3.43 -1.94 -2.87 -3.43 -1.94 0.46 0.15

10% -2.57 -3.14 -1.62 -2.57 -3.14 -1.62 0.35 0.12
Unit root tests results for the residual series of the inflation and all variables regression. The triple
asterisk (***) representing situations where the Null is rejected at 10% level of significance, double
asterisk (**) represents where the Null is rejected at 5% and one asterisk (*) at 1% level of significance.
‘A’ stands for constant, ‘T&C’ trend and constant and ‘None’ without trend or constant.
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5.4.2 Results for the Johansen Cointegration Method

Ghana Results

Likelihood Ratio Tests For Cointegrating Rank for inflation

Hypothesised Rank (r) | Eigenvalue | Likelihood Ratio | 5% Critical Value | 1% Critical Value
r=0* 0.141137 53.89924 47.21* 54.46
r<1 0.033595 17.99283 29.68 35.65
r<2 0.023843 9.928127 1541 20.04
r<3 0.017777 4.23306 3.76 6.65

The test results indicate one cointegrating equation at 5% level of significance no evidence of

cointegration at 1% LOS.

Kenya Results

Likelihood Ratio Tests For Cointegrating Rank for inflation

Hypothesised Rank (r) | Eigenvalue | Likelihood Ratio | 5% Critical Value | 1% Critical Value
r=0 0.095309 42.8592 47.21 54.46
r<1 0.057007 19.42136 29.68 35.65
r<2 0.019477 5.686277 1541 20.04
r<3 0.00462 1.083616 3.76 6.65

The test results indicate no cointegrating equation at both 5% and 1% level of significance.

Mauritius Results

Likelihood Ratio Tests For Cointegrating Rank for inflation

Hypothesised Rank ( r) | Eigenvalue | Likelihood Ratio | 5% Critical Value | 1% Critical Value
r=0** 0.157037 82.43614 68.52* 76.07*
r<1 0.093811 42.46142 47.21 54.46
r<2 0.039452 19.4108 29.68 35.65
r<3 0.029085 9.991966 1541 20.04
r<4 0.013098 3.085255 3.76 6.65

The test results indicate no cointegrating equation at both 5% and 1% level of significance.

Nigeria Results

Likelihood Ratio Tests For Cointegrating Rank for inflation
Hypothesised Rank (r) | Eigenvalue | Likelihood Ratio | 5% Critical Value | 1% Critical Value
r=0** 0.187273 57.47201 47.21* 54.46*
r<1 0.078766 20.14729 29.68 35.65
r<2 0.029437 5.379931 1541 20.04
r<3 9.03E-06 0.001626 3.76 6.65
The test results indicate no cointegrating equation at both 5% and 1% level of significance.
X
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Appendix 5.5: Multicollinearity test results

Ghana Multicollinearity Test

Inflation | Exchange Rate | Interest Rate | Trading Partner
Inflation 1.00000 0.17803 0.24853 0.16565
Exchange Rate 0.17803 1.00000 0.23251 0.14847
Interest Rate 0.24853 0.23251 1.00000 -0.02828
Trading Partner 0.16565 0.14847 -0.02828 1.00000

Kenya Multicollinearity Test

Inflation | Exchange Rate | Interest Rate | Trading Partner
Inflation 1.00000 0.12342 0.05579 -0.03073
Exchange Rate 0.12342 1.00000 0.31249 0.09852
Interest Rate 0.05579 0.31249 1.00000 0.02097
Trading Partner -0.03073 0.09852 0.02097 1.00000
Mauritius Multicollinearity Test
Inflation Exchange Rate | Interest Rate | Money Supply | Trading Partner
Inflation 1.00000 -0.01248 0.08127 0.00038 0.07447
Exchange Rate | -0.01248 1.00000 0.00379 -0.05991 -0.12541
Interest Rate 0.08127 0.00379 1.00000 -0.09232 0.11450
Money Supply 0.00038 -0.05991 -0.09232 1.00000 0.11114
Trading Partner | 0.07447 -0.12541 0.11450 0.11114 1.00000
Nigeria Multicollinearity Test
Inflation Exchange Rate Interest Rate | Trading Partner
Inflation 1.00000 0.06287 -0.05127 0.06148
Exchange Rate 0.06287 1.00000 0.04301 -0.01019
Interest Rate -0.05127 0.04301 1.00000 -0.11297
Trading Partner 0.06148 -0.01019 -0.11297 1.00000
South Africa Multicollinearity Test
Inflation Exchange Rate | Interest Rate | Money Supply | World inflation
Inflation 1.00000 -0.03116 0.36643 0.06463 0.30551
Exchange Rate | -0.03116 1.00000 0.15421 -0.02774 -0.13689
Interest Rate 0.36643 0.15421 1.00000 0.14478 0.04717
Money Supply 0.06463 -0.02774 0.14478 1.00000 -0.12084
World inflation 0.30551 -0.13689 0.04717 -0.12084 1.00000

—_—
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Appendix 5.6: Diagnostic Tests for ECM

As noted in the main text having obtained the ECM the noble next step is to carry out
diagnosis tests to check if the models pass the normality test. The following diagnostic tests
were conducted at 5% significance level:

e  The LM Test (Breusch-Godfrey test) which tests whether or not the residuals are auto
correlated thus related to each other and to ascertain autocorrelation the correlogram of
residuals can be looked at though this is too subjective thus the LM test comes handy.
Our wish was that the residuals should not be auto correlated though even if they are at
this juncture we proceed and do more diagnosis tests.

o The Normality Test (Jarque-Bera test) which tests if the residuals are normally distributed
or not and this can be done by either looking at the Histogram or taking the Jarque-Bera
statistic and comparing this with the critical values at a particular level of significance
which is 5% in this case.

o Misspecification test (Ramsey’s-RESET test) which tests for potential mis-specification
of the model thus, if some main explanatory variables have been omitted from the
model.

o The heteroskedasticity test (White’s general test) which is to check if the errors do have a
constant variance or not and the expectation is that the variance of the errors are

constant hence oskedastic.

5.6.1 The LM test (Breusch-Godfrey test)
As noted above the test is to determine if the residuals are auto-correlated and thus the Null

and the alternative hypothesis are:
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is

H,: Residuals are not auto-correlated

H,: Residuals are auto-correlated

Table below presents the results of this test and the figures in asterisk indicate where the Null

hypothesis was rejected for the alternative at 5% level of significance.

South
Lagged variables Botswana | Ghana Kenya Mauritius | Nigeria | Africa
CPI & Exchange rate 0.5520 1.8454 0.2545 1.5390 1.5697 3.4687
CPI & Interest rate X 0.2952 0.5088 1.8074 2.4137 0.6162
CPI & Money Supply 0.5129 X X 3.42561 X 0.9356
CPI & Trading Partner 1.9907 8.8397* | 0.1230 1.3768 2.4820 0.0975
Exchange rate 6.5676* | 10.3873* | 4.9903 | 19.5851* [ 11.6001* | 17.8783*
Interest Rate X 11.4587* | 11.5554* | 17.8532* | 6.3214* 8.8808*
Money supply 4.1670 X X 13.206* X 11.7616
Trading Partner CPI 4.4227 2.0769 | 14.5275 [ 16.7437* | 13.2140* | 27.4068
All variables 0.1281 1.2943 1.2101 2.0149 2.2151 1.0062

‘X’ indicates cases where the data was not available thus no test was conducted while asterisk on results
denotes cases where the Null Hypothesis is rejected. ‘All variables’ section of the table refers to
innovations that include all the variables and their significant lags.

Breusch-Godfrey LM test results to check if residuals are auto-correlated

The calculated and observed value for the Kenya CPI and Exchange rate lagged ECM is

0.2545, which is below the critical value of 5.99 for 5% level of significant at 2 degrees of

freedom. Most of the models involving the lagged exchange rate except for Kenya result in the

rejection of the null hypothesis at 5% LOS which suggests that the model with only this lagged

variable is mis-specified on the strength of this test. Surprisingly thought the model involving

this variable and lagged inflation is correctly specified for all the countries since their observed

values are less than the critical value of 5% LOS thus the Null Hypothesis is not rejected and

the residuals are not auto correlated. This observation is also noted for most of the

innovations in Mauritius which do not have lagged values of the inflation rate.
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5.6.2 The normality test (Jarque-Bera test)

This test is to determine if the residuals are normally distributed or not and this can be done by

looking at the histogram or computing the Jarque-Bera (JB) statistic. The hypothesis for this

test is:

H,: Residuals are normal

H,: Residuals are not normal

If the histogram is bell shaped one can conclude that the residuals follow a normal distribution

but this process is not conclusive to reject the Null Hypothesis because some shapes will be

bell shaped with a peak and decaying tails on both sides of the peak with gaps in between. The

table below presents the calculated Jarque-Bera statistics, which can be compared with the

critical value of 5.99 for 5% level of significant at two degrees of freedom.

Lagged variables Botswana | Ghana Kenya Mauritius | Nigeria | South Africa
CPI & Exchange rate 150.2400 | 4798.4840 | 305.4741 | 124.7577 | 2.4729* 71.1905
CPI & Interest rate X 3724.5860 | 335.3130 | 131.8035 | 0.4246* 38.3583
CPI & Money Supply 444 5484 X X 108.3133 X 58.9998
CPI & Trading Partner | 381.7685 | 3936.3370 | 188.0683 | 113.3911 | 0.4837* 67.4458
Exchange rate 100.4348 | 4434.7730 | 448.3230 | 227.0277 | 2.7770* 47.7018
Interest Rate X 3277.6670 | 401.9210 | 230.6245 | 0.3813* 32.0112
Money supply 158.5688 X X 135.8391 X 33.7924
Trading Partner CPI 165.8821 | 3421.5190 | 348.7591 | 168.5637 | 2.1292* 31.1753
All variables 68.4153 | 4698.8130 | 216.4305 | 102.2279 | 0.2859* 46.4225
‘X’ indicates cases where the data was not available thus no test was conducted while asterisk on results
denotes cases where the Null Hypothesis can not be rejected and the residuals in this case are normal. ‘All
variables’ section of the table refers to innovations that include all the variables and their significant lags.

Jarque-Bera normality test results to check if residuals are normal

The South African lagged interest rate ECM has a JB statistic of 38.3683 which is above the

critical value of 5.99 noted above and thus the null hypothesis is rejected and we conclude that

the residual for the model do not follow a normal distribution. The same can not be said for all
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the models prepared except for Nigeria whose calculated JB statistic are below 5.99, thus the

Null Hypothesis can not be rejected in this case.

5.6.3 Misspecification test (Ramsey’s-RESET test)

The test is to determine if the model is mis-specified with the following Null and Alternative
Hypothesis.

H,: The model is correctly specified

H,: The model is mis-specified

The results in table below show the likelihood ratio values which are compared with the critical
value of 5.99 for 5% level of significant at two degree of freedom. The values below this value

indicated that the Null hypothesis is not rejected and the models are thus correctly specified.

Lagged variables Botswana | Ghana Kenya | Mauritius | Nigeria | South Africa
CPI & Exchange rate 2.3658 0.0063 1.3736 | 13.7362* | 0.6698 0.0273
CPI & Interest rate X 0.0327 1.2657 | 19.1969* | 3.3561 0.1872
CPI & Money Supply 0.4783 X X 16.4658* X 0.1653
CPI & Trading Partner 3.1645 0.0020 0.7558 | 13.7329* | 2.2924 0.8155
Exchange rate 0.0988 11.0510* | 1.7010 0.2204 | 2.5658 4.0310
Interest Rate X 17.3263* | 0.0470 0.0444 | 3.7937 2.9689
Money supply 0.0487 X X 7.8591* X 2.7161
Trading Partner CPI 0.3611 2.5930 4.0674 1.1268 [ 1.2863 9.2748*
All variables 5.9364 0.9370 | 7.2372* | 19.9804* | 3.5426 2.7038
‘X" indicates cases where the data was not available thus no test was conducted while asterisk on
results denotes cases where the Null Hypothesis is rejected. ‘All variables’ section of the table
refers to innovations that include all the variables and their significant lags.

Ramsey’s-RESET test results to check if residuals are mis-specified
The values obtained for the Mauritian models with lagged inflation and another variables are
above 5.99 hence the Null hypothesis cannot be rejected, thus these innovations are
considered mis-specified. The rejection of the Null Hypothesis for this stability test also means
that the relationship between the variables is not linear hence the linear ECM models prepared

here might not appropriately explain the relationship thus a non-linear model might be ideal.
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5.6.4 The heteroskedasticity test (White’s general test)

The last diagnostic test to be performed on the ECM is the White’s test which checks if the
errors of the model have constant variance or not and if the errors possess constant variance,
they are said to be homoskedastic which is our expectation. The hypothesis for the White’s test
given below and is based on heteroscedasticity which is the opposite of the expectation
homoskedasticity.

H,: There is no heteroscedasticity

H,. There is heteroscedasticity

The table below presents the Observed R-squared values for White's general test for
heteroscedasticity and the values above the critical value of 5.99 for the chi-square distribution

with two degrees of freedom at 5% level of significance mean the null hypothesis is not

rejected.
Error Correction Model Test - Heteroskedasticity test (White’s general test)

Lagged variables Botswana | Ghana | Kenya Mauritius | Nigeria South Africa
CPI & Exchange rate 97.4566 | 10.5354 | 101.5736 | 139.2106 | 24.1164 34.9975
CPI & Interest rate X 27.4080 | 67.3723 | 148.7712 | 41.4054 47.0069
CPI & Money Supply 41.1635 X X 150.7436 X 48.7039
CPI & Trading Partner 40.9787 | 15.4363 | 97.1786 | 147.1079 | 58.4134 27.4068
Exchange rate 45.6235 | 20.0384 | 10.7976 15.7463 1.3512* 26.4398
Interest Rate X 35.2624 | 7.9784 17.5369 17.4212 29.2815
Money supply 11.1957 X X 44.3750 X 32.4147
Trading Partner CPI 56.1218 | 28.5305 | 13.4388 | 43.1203 5.4589* 38.1324
All variables 192.1448 | 28.1794 | 191.6604 | 177.3250 | 158.6047 74.1358
‘X" indicates cases where the data was not available thus no test was conducted while asterisk on
results denotes cases where the Null Hypothesis is not rejected. ‘All variables’ section of the table
refers to innovations that include all the variables and their significant lags.

White’s general heteroskedasticity test results for the error correction model
The observed R-squared value for Nigeria’s exchange rate and Trading partner CPI's lagged

models are below 5.99 critical value and thus the hypothesis is not rejected for these models.
In this case the innovations exhibit heteroscedasticity which means the errors for these models

do not have a constant variance as per the assumptions of the normal regression.
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Appendix 5.7: One month forecast results for multivariate innovations

BOTSWANA ONE MONTH FORECASTING RESULTS
Type of | Forecast
fo};gcast Period Model RMSE MAPE
Exchange Rate 0.000772 8.749591
Exchange Rate & Inflation 0.000778 8.823128
Out of One Money Supply 0.000413 4677212
Sample | Month | Money Supply & Inflation 0.000353* 4.00332*
Forecasts | Ahead | Trade Partner Inflation 0.000737 8.349733
Trade Partner & Inflation 0.000724 8.211733
Multivariate 0.000927 10.50954
Exchange Rate 0.003981 26.17506
Exchange Rate & Inflation 0.002096* 13.78322*
In- One Money Supply 0.007453 49.00798
Sample Month Money Supply & Inflation 0.005916 38.9021
Forecasts Trade Partner Inflation 0.008752 57.54689
Trade Partner & Inflation 0.006879 4523151
Multivariate 0.002143 1409325
The results with asterisks (*) are the best for each forecast measure.

GHANA ONE MONTH FORECASTING RESULTS
Type of | Forecast Model RMSE | MAPE
forecast | Period

Exchange Rate 0.005659 | 213.881
Exchange Rate & Inflation | 0.005989 | 208.2073

Out of One Interest Rates 0.005963 | 224.7833
Sample | Month | Interest Rate & Inflation 0.004465* | 155.2226*
Forecasts | - Ahead Trade Partner Inflation 0.011484 | 399.2538

Trade Partner & Inflation 0.011286 | 392.3438
Multivariate 0.009139 | 317.7048
Exchange Rate 0.004188 | 77.81007
Exchange Rate & Inflation | 0.004331 | 80.46741
In- One Interest Rates 0.003665 | 68.0957
Fsciirg:gfts Month |Interest Rate & Inflation 0.001916 | 35.60657
Trade Partner Inflation 0.004866 | 90.41182
Trade Partner & Inflation 0.004108 | 76.31991
Multivariate 0.000503* | 9.33882*
The results with asterisks (*) are the best for each forecast measure.
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KENYA ONE MONTH FORECASTING RESULTS

Type of | Forecast

fo)ﬁa)cast Period Model RMSE MAPE
Exchange Rate 0.027742 | 77.29715

Exchange Rate & Inflation | 0.022121 | 61.63621
Out of One Interest Rates 0.0159* | 44.30289*
Sample Month | Interest Rate & Inflation 0.018412 | 51.30026
Forecasts | Ahead | Trade Partner Inflation 0.024136 | 67.25031
Trade Partner & Inflation 0.028615 | 79.73037

Multivariate 0.033917 | 945032

Exchange Rate 0.056694 | 89.12811

Exchange Rate & Inflation | 0.050354 | 79.16188

In- One Interest Rates 0.054178 | 85.17372
Sample Month Interest Rate & Inflation 0.05067 | 79.65777
Forecasts Trade Partner Inflation 0.045595 | 71.67955
Trade Partner & Inflation 0.036458 | 57.31518
Multivariate 0.03603* | 56.64323*

The results with asterisks (*) are the best for each forecast measure.

MAURITIUS ONE MONTH FORECASTING RESULTS

Type of | Forecast Model RMSE MAPE
forecast | Period
Exchange Rate 0.007025 760.5474
Exchange Rate & Inflation 0.005832 631.3813
Interest Rates 0.003804 411.8649
out of One | Interest Rate & Inflation 0.002212 239.4657
Sample | Month | Money Supply 0.00487 527.2622
Forecasts | - Ahead | \joney Supply & Inflation 0.006086 658.9451
Trade Partner Inflation 0.004535 490.9291
Trade Partner & Inflation 0.004122 446.2748
Multivariate 0.000727* 78.73895*
Exchange Rate 0.019247 75.4527
Exchange Rate & Inflation 0.018478 72.43646
Interest Rates 0.014574 57.13352
In- Interest Rate & Inflation 0.013541* 53.08141*
sample | 9N I\1oney supply 0019571 | 7672206
Forecasts | Month :
Money Supply & Inflation 0.019135 75.01097
Trade Partner Inflation 0.021607 84.7024
Trade Partner & Inflation 0.020629 80.87044
Multivariate 0.015365 60.23177

The results with asterisks (*) are the best for each forecast measure.
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SA ONE MONTH FORECASTING RESULTS
Forecast
I)}rIScGaZI Period Model RMSE | MAPE
Exchange Rate 0.002001 | 1125774
Exchange Rate & Inflation | 0.0000169* [ 0.950058*
Interest Rates 0.002783 | 156.5623
Out of One Interest Rate & Inflation 0.000401 | 2257323
Sample | Month | Money Supply 0.003789 | 213.169
Forecasts | Ahead  ["\; 0o Supply & Inflation | 0.002099 | 118.0804
Trade Partner Inflation 0.007299 | 410.5915
Trade Partner & Inflation 0.006167 | 346.9257
Multivariate 0.003309 | 186.1412
Exchange Rate 0.001633 | 49.72911
Exchange Rate & Inflation | 0.001348 | 41.0521
Interest Rates 0.000839 | 25.55927
In- one Interest Rate & Inflation 0.000401 | 22.57323
Sample Money Supply 0.001128 | 34.36885
Forecasts Month .
Money Supply & Inflation 0.001834 | 55.85962
Trade Partner Inflation 0.0000939* | 2.859838*
Trade Partner & Inflation 0.000372 | 11.34089
Multivariate 0.0007 21.31427
The results with asterisks (*) are the best for each forecast measure.
IS
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Appendix 5.8: More than one month forecast results:

5.8.1 Actual forecast results

The diagrams follow in the next page. On these diagrams the figures with asterisk (*) have the
best models in each forecast period using a particular forecast determination criterion. MS
above represents money supply; ER, exchange rate; CP1 is the inflation rate; TP is the country
main trading partner inflation

—_—
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BOTSWANA FORECASTING RESULTS
Typeof | Forecast | o401 | RMSE | MAE | MAPE | TIC BP
forecast | Period
ER 0.00283 | 0.00209 | 24.12085 | 0.17093 | 0.30946
ER & CPI 0.00243 | 0.00214 | 24.32158 | 0.13622 | 0.01249*
3 MS 0.00063* | 0.00051* | 5.61502* | 0.03571* | 0.13800
Months MS & CPI 0.00174 | 0.00118 | 13.70962 | 0.09157 | 0.46431
TPCPI 0.00190 | 0.00172 | 19.25506 | 0.11844 | 0.81795
TP & CPI 0.00120 | 0.00112 | 12.71311 | 0.06716 | 0.00035
Multivariate | 0.00428 | 0.00307 | 3551934 | 0.26175| 0.31396
ER 0.00332 | 0.00282 | 54.24748 | 0.21849 | 0.08818
ER & CPI 0.00384 | 0.00342 | 68.24895 | 0.23455 | 0.33223
Out of 6 MS 0.00235 | 0.00183 | 40.50706 | 0.15258 | 0.38379
Sample Months MS & CPI 0.00366 | 0.00300 | 62.96964 | 0.21546 | 0.67014
Forecasts TPCPI 0.00201 | 0.00173 | 32.61676 | 0.14517 | 0.00372*
TP & CPI | 0.00190* | 0.00164* | 33.65133* | 0.12554* | 0.33225
Multivariate | 0.00397 | 0.00320 | 58.10020 | 0.26486 | 0.01371
ER 0.00323 | 0.00291 | 59.87978 | 0.22979 | 0.27528
ER & CPI 0.00381 | 0.00339 | 71.42913 | 0.25610 | 0.42216
1 MS 0.00259 | 0.00216 | 4856826 | 0.18314 | 0.56266
Months MS & CPI 0.00351 | 0.00303 | 65.49707 | 0.22938 | 0.74675
TPCPI 0.00232 | 0.00206 | 43.20215 | 0.17495 | 0.20199*
TP & CPI | 0.00211* | 0.00178* | 37.88508* | 0.15240* | 0.50990
Multivariate | 0.00378 | 0.00323 | 64.81804 | 0.27091 | 0.13870
ER 0.00324 | 0.00288 | 29.58702 | 0.15325 | 0.00499*
ER & CPI 0.00336 | 0.00302 | 37.08191 | 0.14607 | 0.38992
3 MS 0.00448 | 0.00328 | 27.04370 | 0.23303 | 0.14220
Months MS & CPI 0.00379 | 0.00340 | 32.76413 | 0.18440 | 0.00665
TPCPI 0.00511 | 0.00355 | 27.50832 | 0.29528 | 0.48139
TP & CPI 0.00399 | 0.00291 | 23.66206 | 0.21102 | 0.24007
Multivariate | 0.00153* | 0.00129* | 12.07097* | 0.07324* | 0.03231
ER 0.00550 | 0.00440 | 33.42679 | 0.24929 | 0.23468
ER & CPI 0.00462* | 0.00399 | 32.66687 | 0.19942* | 0.11472*
In- 6 MS 0.00557 | 0.00429 | 29.87173 | 0.26355 | 0.39322
Sample Months MS & CPI 0.00493 | 0.00396 | 28.56857 | 0.22600 | 0.32869
Forecasts TPCPI 0.00644 | 0.00515 | 36.20509 | 0.32999 | 0.63899
TP & CPI 0.00585 | 0.00468 | 32.91505 | 0.29142 | 0.61551
Multivariate | 0.00479 | 0.00358 | 24.77221 | 0.22584 | 0.55922
ER 0.00460* | 0.00373 | 44.60739 | 0.23254* | 0.06778*
ER & CPI 0.00469 | 0.00373* | 42.32572 | 0.23975 | 0.23975
P MS 0.00476 | 0.00395 | 47.70919 | 0.25001 | 0.13533
Months MS & CPI 0.00500 | 0.00420 | 47.67441 | 0.27028 | 0.21778
TPCPI 0.00521 | 0.00422 | 41.12493* | 0.29670 | 0.38804
TP & CPI 0.00537 | 0.00436 | 40.62341 | 0.31056 | 0.43018
Multivariate | 0.00502 | 0.00418 | 49.23368 | 0.26989 | 0.26467
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GHANA FORECASTING RESULTS
Typeof | Forecast| o401 | Rmse | MAE | maPE | TIC BP
forecast | Period
ER 0.00462% | 0.00382* | 143.27790 | 0.35493* | 0.64535
ER&CPl | 0.00686 | 0.00672 | 209.02240 | 0.42293 | 0.95902
. |[R 0.00505 | 0.00473 | 159.75510 | 0.39868 | 0.40238*
Months | IR&CPI | 0.00491 | 000441 | 156.19390 | 0.35739 | 0.80387
TPCPI 0.00797 | 0.00654 | 24047780 | 0.50129 | 0.60557
TP&CPI | 001380 | 001365 | 412.93850 | 059578 | 097818
Multivariate | 0.00762 | 0.00694 | 24335170 | 0.46870 | 0.83026
ER 0.00382* | 0.00323* | 8166065* | 0.18864* | 0.11453
ER&CPI | 0.00492 | 0.00379 | 108.19160 | 0.21695 | 0.59389
Out of s [IR 0.00431 | 0.00374 | 9051818 | 0.21019 | 0.09216
sample | O [IR&CPI | 000407 | 000351 | 8784356 | 0.20635 | 0.04807
Forecasts | MONMS =555, 0.00578 | 0.00414 | 126.69290 | 0.26829 | 0.20255
TP&CPI | 001069 | 000979 | 229.62610 | 0.37301 | 083962
Multivariate | 0.00741 | 0.00701 | 148.70870 | 0.38776 | 0.00008*
ER 0.00335% | 0.00294% | 56.69153* | 0.16845* | 0.34465
ER&CPI | 0.00750 | 0.00638 | 108.62210 | 0.30587 | 0.72264
b, R 0.00548 | 0.00506 | 83.75810 | 0.24838 | 0.49385
Months | IR&CPI | 0.00967 | 000774 | 117.07070 | 0.37867 | 044195
TPCPI 0.00461 | 0.00344 | 7977532 | 0.22440 | 0.31261
TP&CPI | 001396 | 001291 | 211.96520 | 044848 | 085463
Multivariate | 0.00630 | 0.00572 | 101.18430 | 0.31529 | 0.06650*
ER 0.00383 | 0.00377 | 5858602 | 0.21316 | 0.96672
ER&CPl | 0.00666 | 0.00601 | 99.32044 | 0.32891 | 0.81372
, |R 0.00403 | 0.00399 | 6028185 | 0.22038 | 0.98304
Months | IR&CPI | 000780 | 000742 | 11801700 | 0.36071 | 090301
TPCPI 0.00629 | 0.00611 | 91.88648 | 0.30777 | 0.94380
TP&CPI | 0.00746 | 0.00655 | 109.67040 | 035735 | 0.77203*
Multivariate | 0.00379% | 0.00323* | 5281091* | 0.21661% | 0.72868
ER 0.00280 | 0.00228 | 32.88019 | 0.13704 | 0.39453
ER&CPI | 0.00322 | 0.00287 | 37.88645 | 0.17306 | 0.00051*
In s |IR 0.00297 | 0.00250 | 34.63576 | 0.14449 | 0.39490
sample | prorhs | IR &CPI_| 000408 | 0.00360 | 4828998 | 0.21026 | 0.02407
Forecasts TPCPI 0.00556 | 0.00496 | 6250037 | 0.23514 | 0.70883
TP&CPI | 000779 | 000615 | 9115072 | 031177 | 062418
Multivariate | 0.00247% | 0.00231* | 28.61987* | 0.13458* | 0.01455
ER 0.00542 | 0.00402* | 38.97752* | 021551 | 0.01588
ER&CPI | 0.00929 | 0.00804 | 67.83162 | 0.55355 | 0.74996
b R 0.00523* | 000416 | 44.75526 | 0.19493* | 0.16448
Months | IR&CPI__| 0.00709 | 000610 | 6795910 | 0.26568 | 0.11667
TPCPI 0.00689 | 0.00598 | 61.75186 | 0.25538 | 0.13568
TP&CPI | 001236 | 001072 | 11563780 | 042041 | 0.07260
Multivariate | 0.00676 | 0.00503 | 46.81350 | 0.28271 | 0.00383
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KENYA FORECASTING RESULTS
nga‘;‘; FF‘,’erfiCOa;t Model | RMSE | MAE | MAPE TIC BP
ER 0.02069 | 0.01700 | 8383778% | 0.6628L | 0.00824
ER&CPI | 002019 | 001822 | 108.00230 | 055188 | 0.02953
IR 0.01516* | 0.01376* | 84.10342 | 0.40640* | 0.04337
M Oiths IR&CPI | 0.02299 | 0.02149 | 14852670 | 0.54218 | 0.16079
TPCPI 0.02086 | 0.01797 | 99.82258 | 0.62405 | 0.00006*
TP&CPI | 002489 | 0.02127 | 117.39690 | 0.68937 | 0.00777
Multivariate | 0.02401 | 002199 | 124.25040 | 0.86768 | 0.09733
ER 001923 | 0.01683 | 16546720 | 0.74446 | 0.14784
ER&CPI | 001911 | 001774 | 219.52360 | 0.63873 | 0.29436
out of IR 0.01645* | 0.01502* | 154.11880* | 0.55500* | 0.34906
sample Moiths IR&CPI | 002231 | 002109 | 271.27690 | 0.64640 | 044926
Forecasts TPCPI 0.01959 | 0.01790 | 21095330 | 0.70310 | 0.20355
TP &CPI | 002492 | 002229 | 39417320 | 0.71960 | 0.26168
Multivariate | 0.02210 | 0.01999 | 349.42150 | 0.72746 | 0.05652*
ER 0.01568 | 0.01348 | 11357460 | 0.64923 | 0.00761
ER&CPI | 001487 | 001269 | 134.98770 | 053125 | 0.00853
b R 0.01247* | 0.01014* | 92.00785* | 0.43798* | 0.03197
Months | IR &CPI_| 001616 | 001272 | 14863420 | 051192 | 0.10877
TPCPI 0.01608 | 0.01351 | 13758540 | 057160 | 0.00029*
TP&CPI | 0.01985 | 0.01564 | 232.30370 | 059575 | 0.01903
Multivariate | 0.02109 | 0.01717 | 229.37450 | 0.65142 | 0.03120
ER 003482 | 0.02757 | 8032291 | 0.78797 | 0.62706
ER&CPI | 003442 | 002754 | 7927727 | 0.76355 | 0.63996
5 IR 0.03251* | 0.02424* | 6253707 | 0.65125 | 045036
Months | JR&CPI_| 003427 | 002556 | 6214151 | 0.74020 | 055647
TPCPI 0.02856 | 0.02324 | 9365841 | 0.46804 | 0.14915*
TP &CPI | 002515 | 002150 | 8114917 | 0.42354% | 026451
Multivariate | 0.02558 | 002199 | 7527346 | 0.44851 | 0.41205
ER 002494 | 001631 | 219.72050 | 0.75531 | 0.24532
ER&CPI | 002496 | 001596 | 189.43330 | 0.76406 | 0.34117
In- 5 IR 0.02401 | 0.01653 | 372.63110 | 0.61910% | 0.07326*
sample | O [IR&CPI | 002424 | 001518 | 21787270 | 0.66428 | 0.13573
Forecasts TPCPI 002052 | 001416 | 197.02460 | 0.46344 | 0.02097
TP &CPI | 0.01823* | 0.01329 | 170.22900 | 041712 | 0.09738
Multivariate | 0.01830 | 0.01203* | 108.82240% | 0.44846 | 0.24961
ER 0.01860 | 0.01109 | 32178130 | 0.69389 | 0.11226
ER&CPI | 001838 | 001088 | 317.52490 | 0.66414 | 0.10386
b R 0.01865 | 0.01334 | 681.81340 | 054890 | 0.00163
Months | JR&CPI__| 001821 | 001273 | 63610340 | 0.54842 | 0.00011%
TPCPI 001672 | 001242 | 493.25940 | 0.47555 | 0.00217
TP & CPI | 0.01406* | 0.01073 | 448.06790 | 0.39556* | 0.00253
Multivariate | 0.01432 | 0.01041% | 294.40270% | 0.43310 | 0.01948
346 <=

|
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PhD Thesis

MAURITIUS OUT OF SAMPLE FORECASTING RESULTS

Typeof | Period | o401 | RMsE | MAE | MAPE | TIC BP
forecast
ER 0.00525 | 0.00502 | 34558140 | 0.44015 | 0.28090
ER&CPI | 000436 | 0.00415 | 289.31550 | 032259 | 0.90335
IR 000327 | 0.00324 | 20148490 | 031177 | 0.18583
IR&CPI | 000226 | 0.00223 | 12071310 | 0.18299 | 0.97597
3 Months [ MS 0.00467 | 0.00466 | 274.82450 | 0.42464 | 0.15866
MS & CPI | 000407 | 0.00346 | 28156020 | 032049 | 072279
TPCPI 0.00390 | 0.00380 | 222.97380 | 0.39031 | 0.05493*
TP&CPI | 0.00263 | 0.00227 | 180.67400 | 022202 | 0.74136
Multivariate | 0.00114* | 0.00097* | 39.71712* | 0.09984* | 038748
ER 0.00889 | 0.00745 | 208.96540 | 0.47797 | 0.09517
ER&CPI | 000885 | 0.00746 | 194.39910 | 0.44644* | 0.03763*
IR 0.00902 | 0.00706 | 14508040 | 050719 | 0.15109
out of IR&CPI | 000910 | 0.00692 | 11852040 | 0.47472 | 0.07848
sample | 6 Months | MS 0.00990 | 0.00790 | 182.92490 | 0.54534 | 0.11290
Forecasts MS & CPI | 001015 | 0.00791 | 197.47460 | 053309 | 006462
TPCPI 0.00883* | 000688 | 144.16610 | 050962 | 0.20358
TP&CPI | 0.00897 | 0.00668 | 13532780 | 048652 | 0.12893
Multivariate | 0.00952 | 0.00660% | 79.65175% | 051001 | 014815
ER 0.00735 | 0.00628 | 382.46090 | 0.44634 | 000857
ER&CPI | 000701 | 0.00544 | 413.98150 | 0.39510% | 0.00182
IR 0.00756 | 0.00620 | 311.73860 | 0.46626 | 0.01830
., | JR&CPI | 000738 | 000552 | 37579500 | 041925 | 0.00000"
Momts | MS 0.00798 | 0.00649 | 307.06170 | 0.50991 | 0.04306
MS & CPI | 000783 | 0.00596 | 37640460 | 0.46306 | 0.00759
TPCPI 0.00726 | 0.00596 | 277.82130* | 0.47714 | 0.06968
TP & CPI | 0.00683* | 0.00487* | 280.84200 | 042097 | 0.04039
Multivariate | 0.00731 | 0.00500 | 28632310 | 0.44064 | 0.03440
a7 =
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MAURITIUS IN-SAMPLE FORECASTING RESULTS

HS;ZI FF‘,’gficoajt Model | RMSE | MAE MAPE TIC BP
ER 0.01115 | 0.00711 | 36.60172 | 051716 | 0.34403
ER&CPI | 0.01122 | 0.00736 | 39.01302 | 053454 | 0.40587
IR 0.00847 | 0.00563* | 32.44331 | 0.35855 | 0.32061
IR&CPI | 0.00829% | 0.00578 | 3581087 | 0.35177* | 0.36650
3 Months | MS 0.01131 | 000690 | 32.39998 | 051439 | 0.29578*
MS& CPI | 0.01109 | 000674 | 31.74373* | 051627 | 0.36973
TPCPI 0.01256 | 0.00809 | 40.84413 | 0.62761 | 041462
TP & CPI | 0.01261 | 0.00841 | 4578614 | 0.64060 | 0.44500
Multivariate | 0.00956 | 000686 | 4418185 | 0.43913 | 051447
ER 0.00851 | 0.00543 | 102.28710 | 050864 | 0.02690
ER&CPI | 0.00805 | 0.00474 | 7429359 | 0.49163 | 0.05606
IR 0.00637 | 0.00429 | 7248281 | 0.35567 | 0.02074*
In-Sample IR&CPI | 0.00612* | 0.00405 | 71.72001 | 0.34357* | 0.02375
Foreonbe | 6 Months | MS 0.00852 | 000478 | 80.66384 | 051421 | 0.04176
MS & CPI | 0.00807 | 000463 | 7101420 | 0.49142 | 0.06804
TPCPI 0.00922 | 000538 | 82.12487 | 059830 | 0.08639
TP&CPI | 000894 | 0.00486 | 59.69484 | 059092 | 0.12172
Multivariate | 0.00675 | 0.00402% | 57.28671* | 0.41099 | 0.12295
ER 0.00649 | 0.00429 | 150.68700 | 046582 | 0.01422
ER&CPl | 0.00648 | 0.00438 | 158.77030 | 045719 | 0.02168
IR 0.00545 | 0.00389 | 129.76790 | 0.36119 | 0.05350
" IR&CPI | 0.00543 | 0.00402 | 145.84470 | 0.35054% | 0.10659
Months | MS 0.00623 | 000337 | 103.12700 | 0.47155| 0.00022
MS & CPI | 0.00614 | 000370 | 12346860 | 0.45497 | 0.00018
TPCPI 0.00676 | 0.00383 | 110.48170 | 0.54053 | 0.00966
TP &CPI | 000674 | 0.00381 | 108.21470 | 054187 | 0.01356
Multivariate | 0.00510* | 0.00297* | 80.00011* | 0.36968 | 0.00000
= S
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NIGERIA FORECASTING RESULTS

Type of forecast | Period | Model | RMSE | MAE | MAPE | TIC BP
ER 0.01592 | 0.01366* | 11697990 | 037438 | 0.00322
ER&CPI | 002216 | 001828 | 8844137 | 0.89369 | 0.68080
, [R 0.03558 | 0.03374 | 290.83440 | 044891 | 0.89922
Months | IR&CPI | 004086 | 0.03595 | 32690370 | 0.4894 | 0.77413
TPCPI 0.01766 | 0.01452 | 130.64470 | 0.39959 | 0.00080*
TP & CPI | 0.01455* | 0.01436 | 12193130 | 0.34188* | 0.08526
Multivariate | 0.02868 | 0.02685 | 23918070 | 039751 | 0.87635
ER 0.01515 | 0.01323 | 36304500 | 046522 | 0.15377
ER&CPI | 0.01720 | 0.01305 | 249.21640* | 0.82023 | 0.09254
Outof Sampe , [R 0.02770 | 0.02311 | 48455470 | 0.47020 | 0.50928
it of Sarmy Monis | IR &CPI | 003731 | 0.03280 | 15342100 | 056835 | 0.17322
TPCPI 0.02103 | 0.01864 | 730.94900 | 054843 | 0.30576
TP &CPI | 001271% | 0.01224* | 448.03340 | 0.40154* | 0.00063*
Multivariate | 002783 | 0.02653 | 115669000 | 0.48105 | 0.49306
ER 0.01472 | 0.01286 | 386.05940 | 050606 | 0.22042
ER&CPI | 001504 | 001188 | 311.34820* | 0.69713 | 0.00074%
L, LR 0.03204 | 0.02483 | 57465970 | 0.64260 | 0.08561
Moot | IR&CPI | 0.03675 | 003219 | 114457200 | 066520 | 0.34282
TPCPI 0.01792 | 0.01606 | 609.99170 | 055736 | 0.28540
TP & CPI | 0.01205* | 0.01090% | 425.68220 | 0.44598* | 0.00142
Multivariate | 003607 | 0.03191 | 128851300 | 0.68166 | 004230
ER 0.01364 | 0.01161 | 116.05010 | 0.88073 | 0.72484
ER&CPI | 002030 | 001820 | 19881250 | 0.89707 | 0.80355
, |R 0.01105 | 0.00918 | 91.84765* | 0.88191 | 0.47181
Months | IR &CPI_| 002249 | 0.02079 | 23348400 | 089995 | 0.85387
TPCPI 0.01653 | 0.01349 | 13250440 | 091676 | 0.65683
TP &CPI | 001370 | 0.01325 | 156.49610 | 0.98586 | 0.23698*
Multivariate | 0.00907* | 0,00835* | 10557560 | 052771* | 0.84814
ER 0.01839 | 0.01575 | 13025270 | 064106 | 0.73350
ER&CPI | 002654 | 002378 | 23810350 | 0.79747 | 080281
IR 0.01686* | 0.01492* | 12104240 | 057500 | 0.70150
In-Sample M 6 IR & CPI 0.03227 | 0.03034 | 312.87500 | 0.79566 | 0.88406
Forecasts onths | o cpi 0.01968 | 0.01664 | 13518830 | 0.65105 | 0.71040
TP&CPI | 002950 | 002671 | 29112200 | 068177 | 0.15774*
Multivariate | 001751 | 0.01690 | 175.75000 | 0.57267* | 0.93085
ER 0.01853 | 0.01533 | 20457560 | 050128 | 0.09001
ER&CPI | 001996 | 0.01600 | 216.91880 | 052649 | 017810
b LR 0.01865 | 0.01667 | 19290480 | 049950 | 0.04749
Vo, [ IR&CPI | 002155 | 001817 | 176.16090% | 055998 | 0.11651
TPCPI 0.01944 | 0.01630 | 20831630 | 050943 | 0.09459
TP &CPI | 013248 | 0.10846 | 1259.96800 | 0.87323 | 0.00450*
Multivariate | 0.01588* | 0.01468* | 182.08320 | 0.41373* | 011164
= =
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SOUTH AFRICA OUT OF SAMPLE FORECASTING RESULTS

35;2{ FF‘,’erfiCOa;t Model | RMSE | MAE | MAPE | TIC BP
ER 0.00155 | 0.00135 | 188.03180 | 0.27405 | 0.74897
ER & CPI | 0.00037* | 0.00025* | 13.79243* | 0.08688* | 0.44499
IR 0.00271 | 0.00234 | 367.75420 | 0.42959 | 0.55503
IR&CPI | 000129 | 000099 | 190.20570 | 0.25826 | 0.30780
Moﬁths MS 0.00326 | 0.00268 | 419.24240 | 0.46689 | 0.67386
MS&CPI | 000144 | 000125 | 151.34930 | 0.26706 | 0.50364
TPCPI 0.00557 | 0.00523 | 638.28990 | 0.64276 | 0.38737*
TP&CPI | 000617 | 0.00589 | 810.45700 | 0.60758 | 0.91347
Multivariate | 0.00199 | 0.00154 | 112.86670 | 0.31909 | 059855
ER 0.00156 | 0.00141 | 103.43970 | 0.14516 | 0.00175*
ER&CPI | 000234 | 000173 | 27.58938* | 025372 | 054943
IR 0.00219 | 0.00184 | 192.86660 | 0.18758 | 0.12980
out of . |IR&CPI | 000236 | 000203 | 11516070 | 024744 | 024976
sample MS 0.00237 | 0.00168 | 213.89420 | 0.19827 | 0.25891
Forecasts Months
MS&CPI | 000210 | 000189 | 9190175 | 021008 | 012772
TPCPI 0.00472 | 0.00428 | 340.32640 | 0.35105 | 0.15469
TP&CPI | 000445 | 000358 | 41337980 | 0.32276 | 0.51106
Multivariate | 0.00146* | 0.00102* | 59.73775 | 0.12351* | 0.23630
ER 0.00182* | 0.00156* | 74.28687 | 0.16110* | 0.18263
ER&CPI | 000248 | 000200 | 38.92984* | 024543 | 0.06489
IR 0.00300 | 0.00241 | 135.96940 | 0.24316 | 0.34545
, |IR&CPI | 000305 | 000270 | 9630443 | 027146 | 0.08047*
Months | MS 0.00263 | 0.00215 | 139.68590 | 0.21164 | 053274
MS & CPl | 000205| 000182 | 6862851 | 0.18748 | 0.03682
TPCPI 0.00370 | 0.00297 | 189.75650 | 0.29484 | 0.15751
TP&CPI | 000466 | 0.00399 | 257.66550 | 0.32593 | 0.66221
Multivariate | 0.00324 | 0.00251 | 77.11497 | 024898 | 0.47262
= =
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SOUTH AFRICA IN-SAMPLE FORECASTING RESULTS

Type of

Forecast

forecast | Period Model RMSE MAE MAPE TIC BP
ER 0.00309 | 0.00266 | 153.58540 | 0.38805 | 0.73963
ER & CPI 0.00391 | 0.00328 | 180.78930 | 0.45298 | 0.59321
IR 0.00333 | 0.00270 | 162.84980 | 0.41352 | 0.65437
IR & CPI 0.00426 | 0.00347 | 198.88650 | 0.47285 | 0.66156
Moiths MS 0.00302 | 0.00255 | 149.48490 | 0.38395 | 0.71626
MS & CPI 0.00359 | 0.00299 | 167.67080 | 0.42535 | 0.69306
TPCPI 0.00209 | 0.00133 | 93.53627 | 0.32387 | 0.26124
TP & CPI | 0.00135* | 0.00111* | 54.09401* | 0.26208* | 0.03601*
Multivariate | 0.00282 | 0.00200 | 131.88800 | 0.39568 | 0.33389
ER 0.00264* | 0.00217 | 107.11500 | 0.29271* | 0.67910
ER & CPI 0.00316 | 0.00225 | 111.16410 | 0.34170 | 0.45487*
IR 0.00307 | 0.00244 | 121.30330 | 0.32884 | 0.63365
In- 6 IR & CPI 0.00362 | 0.00274 | 139.12080 | 0.37566 | 0.52226
Sample MS 0.00266 | 0.00213* | 106.69270 | 0.29612 | 0.64165
Forecasts Months
MS & CPI 0.00319 | 0.00238 | 123.14330 | 0.34307 | 0.55459
TPCPI 0.00296 | 0.00236 | 97.67122* | 0.31257 | 0.56438
TP & CPI 0.00443 | 0.00410 | 170.92110 | 0.40096 | 0.86023
Multivariate | 0.00357 | 0.00288 | 136.09880 | 0.36042 | 0.63347
ER 0.00271 | 0.00231 | 206.84350 | 0.31677 | 0.28916
ER & CPI 0.00281 | 0.00210 | 182.45720 | 0.31698 | 0.25894
IR 0.00274 | 0.00225 | 184.41400 | 0.31126 | 0.34499
o IR & CPI 0.00228* | 0.00176* | 99.94991 | 0.30489 | 0.00001*
Months [MS 0.00270 | 0.00220 | 221.10350 | 0.30887 | 0.38208
MS & CPI 0.00263 | 0.00203 | 167.27360 | 0.30213 | 0.30620
TPCPI 0.00287 | 0.00230 | 118.55080 | 0.31053 | 0.32261
TP & CPI 0.00368 | 0.00335 | 208.06460 | 0.37802 | 0.32861
Multivariate | 0.00242 | 0.00180 | 98.35543* | 0.28338* | 0.15012
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5.8.2 Z-Score normalised results

Diagrams are on the next page. On these diagrams the z-score total figures with asterisk (*) are
have the best models in each forecast period. MS above represents money supply; IR
represents interest rates; ER, exchange rate; CPI is the inflation rate; TP is the country main
trading partner inflation.
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BOTSWANA FORECASTING RESULTS RANKING
Typeof | Forecast | o401 | RMSE | MAE | MAPE| TiIc | BP | Total
forecast | Period
ER 0578 | 0476 | 0491 | 0.603 | 0.055 2.202
ER&CPI | 0242 | 0530 | 0511 | 0137 | -0.980 | 0440
; MS 1272 | -1.403 | -1.402 | -1.210 | -0.543 | -5.829*
Months MS & CPI -0.340 | -0.600 -0.574 | -0.461 0.594 -1.381
TPCPI 20204 | 0.033 | -0.007 | -0.101 | 1.827 1.549
TP & CPI -0.794 | -0.680 -0.676 | -0.788 | -1.023 -3.961
Multivariate | 1.790 1.643 1.657 1.820 0.070 6.980
ER 0350 | 0.394 | 0292 | 0471 | -0.714 | 0.792
ER&CPI | 0934 | 1185 | 1264 | 0.777 | 0.297 4.456
Out of 6 MS -0.733 -0.911 -0.663 | -0.786 0.510 -2.582
Sample Months MS & CPI 0.730 0.628 0.897 0.413 1.696 4.364
Forecasts TPCPI 1115 | -1.039 | -1.210 | -0.927 | -1.064 | -5.355
TP&CPI | -1240 | -1.155 | -1.139 | -1.301 | 0.297 | -4.538*
Multivariate | 1.075 | 0.897 | 0559 | 1.354 | -1.022 | 2.863
ER 0249 | 0412 | 0314 | 0361 | -0613 | 0.722
ER&CPI | 1.076 | 1151 | 1.223 | 0.955 | 0.064 4.468
1 MS -0.648 -0.769 -0.577 | -0.692 0.713 -1.973
Months MS & CPI 0.653 0.598 0.756 0.352 1.562 3.920
TPCPI -1.035 -0.923 -0.999 | -0.878 | -0.951 -4.786
TP&CPI | -1335 | -1.373 | -1.418 | -1.387 | 0.469 | -5.044*
Multivariate | 1.040 | 0.905 | 0.702 | 1.289 | -1.244 | 2.693
ER 0354 | 0.028 | 0.314 | -0450 | -0.937 | -1.455
ER&CPI | -0247 | 0154 | 1.261 | -0552 | 1.063 1.679
3 MS 0734 | 0499 | -0007 | 0675 | -0.224 | 1.675
Months MS & CPI 0.131 0.653 0.715 | -0.011 | -0.929 0.560
TPCPI 1.295 0.849 0.051 1.553 1.538 5.286
TP & CPI 0.309 0.013 -0.435 | 0.364 0.284 0.536
Multivariate | -1.867 | -2.140 | -1.899 | -1579 | -0.795 | -8.281*
ER 0182 | 0214 | 0590 | -0.130 | -0.884 | -0.028
ER&CPI | -1.187 | 0582 | 0.388 | -1.253 | -1.482 | -4.115*
In- 6 MS 0.290 -0.003 -0.354 | 0.191 -0.094 0.030
Sample Months MS & CPI -0.699 -0.643 -0.700 | -0.655 | -0.416 -3.111
Forecasts TPCPI 1622 | 1.656 | 1.328 | 1.687 | 1.130 7.422
TP&CPI | 0.713 | 0741 | 0454 | 0818 | 1.013 3.739
Multivariate | -0.921 -1.383 -1.708 | -0.658 0.733 -3.937
ER 1235 | -1.286 | -0.043 | -1.195 | -1.410 | -5.169*
ER & CPI -0924 | -1.290 -0.695 | -0.946 | -0.073 -3.927
1 MS -0.676 -0.394 0.844 | -0.591 | -0.884 -1.702
Months | MS&CPI_| 0177 | 0573 | 0.834 | 0.110 | -0243 1.450
TPCPI 0917 | 0671 | -1.038 | 1.024 | 1.081 2.654
TP&CPI | 1494 | 1224 | -1.181 | 1503 | 1.408 4.447
Multivariate | 0.248 | 0502 | 1.279 | 0.096 | 0.121 2.246
S DO
353 ="
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GHANA FORECASTING RESULTS RANKING
Typeof | Forecast | o401 | rmseE | mMaE |MaPE| TiIc | BP | Total
forecast | Period
ER 0828 | <0865 | -0.864 | -1.016 | -0.488 | -4.061
ER&CPI | -0127 | 0009 | -0157 | -0230 | 1.026 | 0522
; |R 20695 | <0591 | -0.687 | 0510 | -1.660 | -4.144*
Months | IR&CPI | -0.736 | 0688 | 0.725 | -0.988 | 0277 | -2860
TPCPI 0221 | 0043 | 0182 | 0676 | 0.679 | 0356
TP&CPI | 2052 | 2102 | 2038 | 1769 | 1119 | 9.080
Multivariate | 0112 | 0.077 | 0213 | 0299 | 0405 | 1.107
ER 0827 | -0.734 | -0828 | 0.913 | -0.487 | -3.790*
ER&CPI | -0.380 | -0504 | -0.318 | -0572 | 1014 | -0.761
out of s [R 20627 | <0527 | -0.658 | -0.654 | 0557 | -3.022
sample |\, O [IR&CPI_| 0727 | -0618 | -0.709 | -0.700 | 0.695 | -3.449
Forecasts TPCPI 20033 | 0364 | 0037 | 0046 | 0212 | -05%5
TP&CPI | 1962 | 1941 | 2016 | 1308 | 1783 | 9010
Multivariate | 0631 | 0806 | 0.461 | 1486 | -0.846 | 2537
ER 1091 | -1.009 | -1.037 | -1.360 | -0.447 | -4.953*
ER&CPI | 0065 | 0019 | 0004 | 0078 | 0988 | 1154
5 R 20498 | -0373 | -0494 | -0528 | 0419 | -1.774
Months | IR&CPI | 0669 | 0427 | 0173 | 0844 | 0078 | 203
TPCPI 0742 | <0860 | -0574 | -0.780 | -0.569 | -3524
TP&CPI | 1867 | 1972 | 2074 | 1578 | 1490 | 8981
Multivariate | -0270 | 0177 | -0.145 | 0177 | -1504 | -1.919
ER 1053 | 0050 | -0.064 | -1.084 | 0927 | 3123
ER&CPI | 0547 | 0442 | 0559 | 0629 | -0586 | 1591
; [R 0044 | -0812 | -0900 | -0977 | 1.088 | -2.544
Months |IR&CPI_| 1104 | 1316 | 1.258 | 1009 | 0297 | 5.164
TPCPI 0338 | 0506 | 0281 | 0316 | 0700 | 2141
TP&CPI | 0097 | 0780 | 0946 | 1.049 | -0.099 | 2.774
Multivariate | -1.080 | -1.283 | -1.180 | -1.033 | -1.427 | -6.003
ER 0692 | 0827 | -0681 | 0849 | 0287 | -2.762
ER&CPI | -0474 | -0438 | -0.455 | -0296 | -1.031 | -2.693
In- s |R 0601 | -0.686 | -0.602 | -0.734 | 0288 | -2335
sample |\, 0. [IR&CPI_| 0025 | 0052 | 0013 | 0275 | 0.952 | -0636
Forecasts TPCPI 0745 | 0957 | 0653 | 0657 | 1.337 | 4350
TP&CPI | 1908 | 1754 | 1.944 | 1833 | 1054 | 8492
Multivariate | -0.861 | -0.812 | -0.873 | -0.886 | -0.984 | -4.416*
ER 20865 | -0.685 | -1391 | -0.873 | -1.696 | -5511*
ER&CPI | 0686 | 0518 | 0813 | 2684 | 1092 | 4.66
5 |R 20940 | 0643 | -1276 | -1.090 | -1.131 | -5.080
Momths | IR&CPI | -0.194 | -0062 | -0.811 | -0.345 | -1313 | -27%
TPCPI 20276 | -0.099 | -0935 | -0.454 | -1.241 | -3.005
TP&CPI | 1917 | 1319 | 0144 | 1.283 | -1.480 | 3.83
Multivariate | -0.328 | -0.383 | -1.234 | -0166 | -1.742 | -3853
S DO
354 =
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KENYA FORECASTING RESULTS RANKING

ggga‘;‘; FF‘,’erficoa;t Model | RMSE | MAE | MapE | TiIc | BP | Total
ER 0174 | 0608 | 1113 | 0293 | 0699 | -2.301
ER&CPI | -0330 | -0201 | -0028 | -0478 | -0.339 | -1.375
, [R 1888 | -1698 | -1.102 | -1.4838 | -0.105 | -6.281*
Months | IR&CPI | 0536 | 0899 | 1688 | 0545 | 1880 | 4.458
TPCPI 0122 | -0284 | 0421 | 0024 | 0837 | -1640
TP&CPI | 1125 | 0825 | 0340 | 0478 | -0.707 | 2061
Multivariate | 0.853 | 1.066 | 0637 | 1716 | 0807 | 5079
ER 0469 | 0731 | 0950 | 1.017 | -0.798 | -1.932
ER&CPI | -0512 | 0375 | -0358 | 0563 | 0327 | -1479
out of s |R 1472 | 1445 | -1.075 | -1.814 | 0.748 | 5.058*
sample | O [TR&CPI | 0642 | 0942 | 0210 | -0.448 | 158 | 2863
Forecasts TPCPI 0338 | 0312 | 0452 | 0399 | -0370 | -1.073
TP&CPI | 1583 | 1411 | 1558 | 0646 | 0076 | 5274
Multivariate | 0565 | 0510 | 1.067 | 0763 | -1.500 | 1.406
ER 0313 | 0062 | 0767 | 1.104 | -0597 | -0.635
ER&CPI | -0588 | 0411 | -0375 | 0427 | -0572 | -2.373
b R 1401 | -1.545 | -1.160 | -1.637 | 0.063 | -5.680*
Months | IR&CPI_| -0.149 | 0401 | 0126 | 0678 | 2144 | 0791
TPCPI 0177 | 0051 | 0328 | 0096 | -0.795 | -1.254
TP&CPI | 1103 | 0896 | 1405 | 0410 | -0287 | 3527
Multivariate | 1524 | 1573 | 1352 | 1132 | 0042 | 5624
ER 0955 | 1.233 | 0359 | 1.09 | 0997 | 4.640
ER&CPI | 0862 | 1220 | 0265 | 0944 | 1067 | 4.358
; [R 0412 | -0114 | 1242 | 0245 | 0041 | -0.658
Months |IR&CPI_| 0825 | 0421 | -1278 | 0799 | 0615 | 1383
TPCPI 0516 | 0518 | 1559 | -0.895 | -1.590 | -1.960
TP&CPI | 1320 | -1220 | 0433 | -1172 | -0.965 | -4.244
Multivariate | -1.219 | -1.022 | -0096 | -1.017 | -0.166 | -3520
ER 0003 | 0904 | 0110 | 1122 | 0689 | 3.727
ER&CPI | 0010 | 0702 | -0265 | 1481 | 1523 | 4050
In- s |R 0600 | 1.036 | 2007 | 019 | -0.809 | 3.030
sample | O [IR&CPI | 0676 | 0235 | 0087 | 0503 | 0.065 | 1.235
Forecasts TPCPI 0539 | -0366 | 0171 | -0862 | -1.264 | -3.202
TP&CPI | -1.286 | -0881 | 0503 | -1177 | -0.599 | -4.445*
Multivariate | -1.264 | -1.628 | -1.265 | -0.964 | 0726 | -4.395
ER 0793 | 0493 | 0855 | 1397 | 1533 | 2375
ER&CPI | 0687 | 0679 | 0882 | 1132 | 1367 | 1624
L, |R 0819 | 1465 | 1436 | 0105 | -0650 | 3175
Months | IR&CPI | 0604 | 0936 | 1145 | 0101 | -0.680 | 2106
TPCPI 0132 | 0665 | 0236 | -0548 | -0639 | -0.419
TP&CPI | -1450 | -0810 | -0.051 | -1261 | -0.632 | -4.204
Multivariate | -1321 | -1.084 | -1.029 | -0.926 | -0.298 | -4.658*
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MAURITIUS OUT OF SAMPLE FORECASTING RESULTS RANKING

Typeof | Forecast| ;o401 | RMSE | MAE | MAPE | TiIC | BP | Total
forecast | Period
ER 1337 | 1321 | 1255 | 1214 | -0601 | 4625
ER&CPI | 0657 | 0644 | 0760 | 0183 | 1187 | 3432
IR 0180 | 0.053 | 0.169 | 0089 | -0874 | -1.187
, [IR&CPI | -0957 | 0832 | -1023 | -L040 | 1395 | -2457
Months | MS 0893 | 1039 | 0607 | 1078 | -0952 | 2665
MS&CPl | 0436 | 0118 | 0678 | 0165 | 0668 | 2.065
TPCPI 0303 | 0374 | 0059 | 0777 | -1250 | 0.263
TP&CPI | 0671 | -0.805 | 0389 | -0.698 | 0.721 | -1.841
Multivariate | -1818 | -1806 | -1879 | -1.768 | -0.295 | -7.565*
ER 0752 | 0492 | 1231 | -0686 | -0358 | -0.073
ER&CPI | -0834 | 0520 | 0891 | -1710 | -1490 | -2623
IR 0479 | 0304 | 0262 | 0263 | 0741 | -0.041
Out of s [IR&CPI | -0139 | 0582 | -0883 | -0.792 | -0687 | -3.082"
sample |\ O [MS 1318 | 1407 | 0623 | 1503 | -0010 | 4841
Forecasts MS&CPI | 1830 | 1417 | 0963 | 1104 | -0960 | 4355
TPCPI 0885 | -0661 | 0283 | 0342 | 1774 | 0.88
TP&CPI | 0586 | -1.066 | 0490 | -0.408 | 0306 | -2.244
Multivariate | 0526 | -1224 | -1.791 | 0384 | 0684 | -1421
ER 0009 | 0.941 | 0915 | -0.069 | -0693 | 0.996
ER&CPI | -1056 | -0530 | 1520 | -1543 | -0.980 | -2.588
IR 0477 | 0787 | 0441 | 0504 | 0279 | 1049
, |JR&CPI | 0038 | 039 | 0788 | -0.850 | -1057 | -1547
Months | MS 1629 | 1300 | 0530 | 1762 | 0773 | 4934
MS&CPI | 1198 | 0378 | 0799 | 0412 | -0.73 | 2053
TPCPI 0345 | 0366 | -1.091 | 0818 | 1905 | 1652
TP&CPI | -1546 | -1541 | -1.033 | -0.800 | 0.660 | -4.261*
Multivariate | -0219 | -1.312 | -0928 | -0234 | 0405 | -2.287
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PhD Thesis

MAURITIUS IN-SAMPLE FORECASTING RESULTS RANKING
Typeof | Forecast| 101 | Rmse | MaE | maPE | Tic | BP | Total
forecast | Period

ER 0284 | 0129 | 0202 | 0168 | -0630 | -0.251
ER&CPI | 0328 | 0408 | 0263 | 0338 | 0292 1.628

IR 1401 | -1.476 | -1.004 | -1.383 | -0.979 | -6.242*

; IR & CPI 1515 | -1.306 | -0.354 | -1.449 | -0.295 | -4.920
Months | MS 0387 | 0098 | -1.012 | 0141 | -1.349 | -1.931
MS&CPI | 0248 | -0265 | -1.139 | 0159 | -0.247 | -1.244

TPCPI 1174 | 1196 | 0617 | 1248 | 0422 4.657

TP & CPI 1207 | 1550 | 1570 | 1375 | 0875 6.577
Multivariate | -0.711 | -0.137 | 1.261 | -0.595 | 1.910 1.727

ER 0590 | 1452 | 2086 | 0330 | -0.908 3.549
ER&CPI | 0182 | 0114 | 0025 | 0145 | -0178 0.238

IR 1287 | -0773 | 0161 | -1.337 | -1.063 | -4.620

5 IR & CPI 1503 | -1.242 | -0219 | -1.469 | -0.987 | -5.420*

In- Months | MS 0596 | 0190 | 0456 | 0391 | -0.536 1.097

Fi"jg::g';s MS & CPI 0199 | -0.118 | -0272 | 0142 | 0.123 0.073
TPCPI 1211 | 1359 | 0566 | 1.307 | 0582 5.026

TP&CPI | 0966 | 0334 | -1125 | 1226 | 1468 2.869
Multivariate | -0.954 | -1.315 | -1.307 | -0.734 | 1498 | -2.812

ER 0655 | L1114 | 1068 | 0276 | -0.291 2.822

ER&CPI | 0630 | 1319 | 1384 | 0156 | -0.078 3.412

IR 1039 | 0182 | 0250 | -1.176 | 0831 | -0.953

IR & CPI 1078 | 0492 | 0879 | -1.324 | 2347 1.315

Molﬁths MS 0230 | -1.007 | 0792 | 0356 | -0.690 | -1.903
MS&CPI | 0085 | -0.239 | 0004 | 0126 | -0.691 | -0.716

TPCPI 1.080 | 0049 | 0504 | 1313 | -0.421 1517

TP & CPI 1.051 | 0006 | 0593 | 1332 | -0.309 1.486
Multivariate | -1.613 | -1.916 | -1.696 | -1.058 | -0.697 | -6.980*
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PhD Thesis

NIGERIA FORECASTING RESULTS RANKING

ggga‘;‘; FF‘,’erfiCOa;t Model | RMSE | MAE | MapE | TiIc | BP | Totl
ER 0892 | 0920 | 0739 | -0546 | -1.114 | 4211
ER&CPI | -0283 | 0438 | -1037 | 2193 | 0489 | 0924
; [R 1027 | 1174 | 1075 | -0153 | 1.005 | 4127
Months |IR&CPI_| 1541 | 1404 | 1451 | 0062 | 0709 | 5167
TPCPI 0721 | -0830 | 0597 | -0413 | -1120 | -3.681
TP&CPI | -1.025 | -0847 | -0688 | -0.718 | -0.920 | -4.197
Multivariate | 0353 | 0455 | 0536 | -0.424 | 0951 | 1871
ER 20868 | 0852 | 0776 | -0520 | -0.653 | -3.669
ER&CPI | -0632 | 0875 | -1064 | 2073 | -0876 | -1374
out of s R 0574 | 0402 | 0468 | -0484 | 0640 | 0.664
sample | O [IR&CPI | 1678 | 1633 | 1479 | 0233 | 1600 | 6623
Forecasts TPCPI 0193 | 0165 | 0156 | 0088 | -0.100 | -0.215
TP&CPI | -1.148 | -0978 | 0561 | -0985 | -1.210 | -4.882*
Multivariate | 0589 | 0836 | 1234 | -0.405 | 0599 | 2.853
ER 0804 | 0770 | 0756 | -0962 | 0570 | -2.723
ER&CPI | -0775 | 0875 | -0951 | 1.007 | -0984 | -2578
L, |R 0780 | 0505 | 0267 | 0445 | -0.384 | 1.080
Months | IR&CPI | 1210 | 1289 | 1214 | 0678 | 1436 | 5827
TPCPI 0511 | -0429 | 0175 | -0433 | 1.030 | -0519
TP&CPI | -1.048 | -0978 | 0654 | -1581 | -0.979 | -5.240*
Multivariate | 1149 | 1.259 | 1588 | 0847 | -0690 | 4.152
ER 0333 | 0427 | 0617 | 0168 | 0299 | -0.910
ER&CPI | 1043 | 1022 | 0975 | 0278 | 0644 | 3.963
s |R 20869 | -0.062 | -1.083 | 0176 | -0810 | -3.548
Months |IR&CPI | 149 | 1502 | 1642 | 0297 | 0865 | 5892
TPCPI 0263 | -0.014 | 0299 | 0410 | 0001 | 0.361
TP&CPI | 0322 | -0067 | 0200 | 0873 | -1.840 | -1.157
Multivariate | -1.278 | -1.144 | -0819 | -2.201 | 0840 | -4.602*
ER 0722 | 0807 | 0880 | -0350 | 0119 | -2.639
ER&CPI | 0564 | 0497 | 0469 | 1334 | 0390 | 3.255
In- s [R 0964 | 0942 | 0995 | -1.060 | -0.006 | -3.966*
sample | O [IR&CPI | 1469 | 1563 | 1404 | 1315 | 0708 | 6457
Forecasts TPCPI 0518 | -0663 | 0818 | -0242 | 0029 | -2212
TP&CPI | 1032 | 0973 | 1132 | 0089 | 2431 | 1095
Multivariate | -0.861 | -0.621 | -0311 | -1.086 | 0.890 | -1.988
ER 20389 | 0402 | 0358 | -0.364 | -0.033 | -1.546
ER&CPI | -0355 | -0383 | -0328 | -0192 | 1573 | 0314
b R 20386 | 0364 | 0387 | -0.376 | -0.808 | -2.322*
Months | IR&CPI | 0318 | 0321 | 0429 | 0035 | 0450 | -0.584
TPCPI 0367 | 0375 | 0349 | -0.308 | 0050 | -1.349
TP&CPI | 2266 | 2267 | 2266 | 2162 | -1.592 | 7.369
Multivariate | -0.450 | -0.421 | -0414 | -0.958 | 0361 | -1.883
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SOUTH AFRICA OUT OF SAMPLE FORECASTING RESULTS RANKING

Type of | Forecast
oot | Period | Model | RMSE | MAE | MAPE | TIC | BP | Total

ER 0581 | -0538 | 0507 | -0547 | 0948 | -1.226

ER&CPI | -1177 | -1103 | -1.169 | -1588 | -0.666 | -5.703*

IR 0001 | -0028 | 0176 | 0318 | -0.082 |  0.386

IR&CPI | -0.716 | -0722 | -0498 | -0635 | -1.394 | -3.965

Moﬁths MS 0280 | 0148 | 0372 | 0525 | 0549 1.874

MS&CPI | -0.638 | -0588 | -0.646 | -0.586 | -0.354 | -2.813

TPCPI 1447 | 1463 | 1205 | 1503 | 0972 | 4647

TP&CPI | 1747 | 1808 | 1860 | 1307 | 1821 8.543

Multivariate | -0.364 | -0440 | 0793 | -0297 | 0149 | -1.744

ER 0904 | -0709 | 0533 | -1077 | -1363 | -4587*

ER&CPI | -0.239 | -0405 | -1.114 | 0358 | 1.686 0.287

IR 0368 | -0301 | 051 | -0516 | -0.650 | -1.684

out of s |JR&CPI | 0220 | -0125 | -0444 | 0275 | 0018 | -04%

sample MS 0214 | -0460 | 0312 | -0.375 | 0069 | -0.668
Forecasts Months

MS&CPI | -0441 | -0260 | 0622 | -0219 | -0662 | -2.202

TPCPI 1803 | 2000 | 1280 | 1645 | 0512 | 6215

TP&CPI | 1572 | 1337 | 1839 | 1271 | 1472 7.491

Multivariate | -0.990 | -1.078 | -0.868 | -1.363 | -0057 | -4.357

ER 1316 | -1241 | 0663 | -1598 | -0.397 | -5.215*

ER&CPI | 0554 | -0629 | -1.176 | 0041 | -0897 | -3.215

IR 0051 | -0063 | 0231 | -0.003 | 0.294 0.510

IR&CPI | 0107 | 0333 | -0315 | 0546 | -1.044 | -0372

Molﬁths MS 0385 | -0421 | 0285 | -0.616 | 1090 | -0.047

MS&CPI | -1.051 | -0.881 | -0.745 | -1085 | -1017 | -4.779

TPCPI 0860 | 0711 | 1,011 | 1001 | -0504 | 3.078

TP&CPI | 1962 | 2118 | 1995 | 1605 | 1.640 9.320

Multivariate | 0.325 | 0073 | -0.622 | 0110 | 0.835 0.720
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PhD Thesis

SOUTH AFRICA IN-SAMPLE FORECASTING RESULTS RANKING
35;2{ FF‘,’erfiCOa;t Model | RMSE | MAE | MAPE | TiIc | BP | Total

ER 0041 | 0246 | 0221 | -0.045 | 0878 1341

ER&CPI | 0960 | 1008 | 0826 | 0960 | 0.290 4.044

IR 0314 | 0206 | 0427 | 0350 | 0536 1923

IR&CPI | 1350 | 137 | 1228 | 1267 | 0564 5.647

Mof]ths MS 0038 | 0122 | 0130 | -0.108 | 0784 0.889

MS&CPI | 0598 | 0651 | 0534 | 0533 | 0691 3.007

TPCPI 1075 | -1.368 | -1.114 | -1.037 | -1043 | -5638

TP&CPI | -1.890 | -1.641 | -1.991 | -1.993 | -1.948 | -9.463*

Multivariate | -0260 | -0551 | -0261 | 0074 | -0752 | -1.750

ER 1411 | 0705 | 0739 | -1.284 | 0548 | -3.290

ER&CPl | -0171 | -0576 | -0558 | 0071 | -1.399 | -2.634

IR 0336 | 0267 | 0106 | -0284 | 0153 | -0841

n. . [R&cei | oes4 | o22s | oess | 1om | -osu | 1772

sample MS 1075 | -0780 | -0.758 | -1.190 | 0223 | -3.579

Forecasts Months

MS&CPI | -0110 | -0371 | -0024 | 0109 | -0533 | -0.930

TPCPI 0527 | 0404 | -1.160 | -0.735 | -0448 | -3273

TP&CPI | 2103 | 2439 | 2105 | 1711 | 2121 | 10479

Multivariate | 0562 | 0440 | 0553 | 0589 | 0.152 2296

ER 0136 | 0170 | 0871 | 0078 | 0.205 1189

ER&CPl | 0124 | -0289 | 0361 | 0086 | -0.049 | 0234

IR 0046 | 0045 | 0402 | -0.136 | 0675 0.939

IR&CPI | -1.220 | -1.019 | -1366 | -0383 | -2225 | -6.213*

Molﬁths MS 0451 | 0075 | 1169 | -0.228 | 0.986 1701

MS&CPI | -0337 | -0431 | 0043 | -049 | 0349 | -0.866

TPCPI 0277 | 0138 | 0977 | -0164 | 0486 | -0239

TP&CPI | 2350 | 2399 | 0896 | 2454 | 0537 8.636

Multivariate | -0.861 | -0.939 | -1399 | -1217 | -0.964 | -5.380



