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ABSTRACT

INTRODUCTION: Extreme value theory (EVT) is a branch of probability statistics applicable
to financial data distributed with heavy tails where the distribution is stationary, independent
and identically distributed. EVT is important for modelling situations that are rare in frequency
but large in magnitude in terms of losses, depreciation or pressure. It is useful in conditions
where a currency experiences extreme pressure or crises. Exchange market pressure (EMP)
is the selling pressure of domestic currency or excess demand needed for foreign currency
and composed of a weighted average of three components (rate-in-change in exchange rate,
rate-in-change in interest rate and rate-in-change in reserves-to-narrow money). The objective
of EMP is to determine periods of “extreme pressure” or currency crises (periods of successive
stress). EMP using EVT has never been explored in African countries. Moreover, a
comparison of two peak over threshold methods used in EVT (Generalised Pareto Distribution
and Hill estimate) is studied and compared to empirical quantiles for measurement accuracy.
In doing so, periods of extreme pressure or crises can be identified. Subsequently, the causes

of these unwanted situations can be identified and monitored.

METHODOLOGY: The monthly data of the three components of the EMP index for two African
countries (RSA and ¥ 1ya) were studied for a period of 19 years (1999-2017). Data was first
studied to ensure stationarity and modelled with appropriate ARMA and/or ARCH/GARCH
processes to ensure no heteroscedasticity. Once all assumptions were met for further
analyses, the EMP index was calculated. Subsequently, the data was modelled using the
Generalised Pareto Distribution (GPD) with the Peak over Threshold (POT) method using
maximum likelihood estimation. Moreover, the data was also modelled using the non-
parametric Hill estimate. Appropriate estimated and empirical quantiles are reported in order
to determine periods of extreme pressure or crises. Data analysis was performed in Microsoft
Excel (Microsoft, Redmont, United States) and R studio (CRAN, R Core Team, 2017) with

associated packages.

RESULTS: The EMP index for both countries revealed stationarity but non-normality. The
components of the EMP SA data-set were modelled with appropriate ARMA and/or
ARCH/GARCH processes to ensure independent and identically distributed variables.
Reliable and accurate estimates were obtained for the scale and shape parameter using the
GPD POT method for both countries. Positive shape parameters confirmed generalised
extreme value distributions with heavy tails of the Frechet type. Diagnostic plots revealed a

good fit for the model. Similarly, accurate and reliable shape estimates were computed using

ifi



the non-parametric Hill estimator for both countries. Estimated qi 1tiles a provic | using
both methods. The GPD POT method more closely reflected estimates to the empirical
qauntiles compared to the Hill method, especially at higher quantiles. Using, the 95" and 99t
quantiles, periods of extreme pressure for each country is identified. In doing so, the respective
components of the EMP index is evaluated against the backdrop of periods of extreme
pressure or crises. Eight and ten periods of extreme pressure was identified for South Africa
and Kenya respectively with no periods of currency crises (p=0.05). All three components of
the EMP index played an individual role in the depreciative stress at different periods of

pressure.

CONCLUSION: It is feasible to model the EMP data of two African countries with EVT using
both peak over threshold estimation methods. However, the Generalised Pareto Distribution’s
method using maximum likelihood estimation was more accurate compared to the non-

parametric, Hill estimate, especially at the 99" or higher percentiles.
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CHAF : 2R ONE: INTRODUCTION

11 EXTREME VALUE THEORY

Extreme value theory is a special branch of probability theory adapted to extremal analysis. It
deals with the asymptotic behaviour of tail observations (Rocco, 2014). Using two- or three-
sigma (o) in a normal distribution will underestimate the probability of extreme events under
heavy-tailed distributions (McFarlane, 2010; Kaminsky et al., 1998; Eichengreen et al., 1995).
Pozo & Amuedo-Dorantes (2003) reported that the extreme value method not only indicated
more evidence of speculative pressure but also accurate indications of crisis incidences. Even
when the tails of distribution are thin, the extreme value method provides similar results to a
normal distribution (Pozo & Amuedo-Dorantes, 2003). Recognising the limitations of crisis
based threshold (two- or three- ¢ ), recent literature has focussed on the extreme value
approach (Pozo & Amuedo-Dorantes, 2003; Cumperayot & Kouwenberg, 2013). The extremal
types theorem (Fisher-Tippett theorem) stipulates that if the extreme observation converges
in distribution to a non-degenerate probability distribution, then it belongs to one of three
families: Thin-tailed (Gumbel); Fat-tailed (Frechet) or no-tail (Weibull). The three families can
be factored together and known as the Generalised Extreme Value. The sign of the parameter
of the Generalised Extreme Value can either be positive (Frechet such as student’'s T or
Pareto), zero (Gumbel such as normal or exponential) or negative (no tail such as Weibull and
Beta distribution).

Another non-parametric technique for estimating the tail index of extreme values is known as
the Hill-estimate (Hill, 1975). Most studies thus far have used this technique to estimate the
tail index (McFarlane, 2010). ..1e distribution of the data is required to be from a fat-tailed
(Frechet) distribution (McFarlane, 2010; Huisman et al., 2001; Hill, 1975; Koedijk et al., 1992).
An advantage of this technique is that it has been reported to be an unbiased estimator of

small sample sizes.

However, recent papers have used another extreme value technique recognised as the peaks
over threshold (POT) for estimating the tail index (Guru & Sarma, 2013). This method is
p | as it is applicable to fat-tailed, thin-tailed and no-tailed distributions. Moreover, the

loftl EMPinc :distribution: i imated by fitting € f C ribution
(GPD) to values beyond a certain threshold. ..1e . OT method is formulated from the Pickland-
Balkema-de Haan theorem which uses values in excess of a particular threshold to be
approximated by the GPD. However, the underlying distribution must meet the Fisher-Tippett

theorem. This approach enables the researcher to identify extreme observations without



making assumptions regarding the value of the unknown distribution shape-parameter. This
method is advantageous over the o-based method (where the distribution is assumed to be
normal) or the Hill-estimation which is based on non-parametric techniques and only relevant
to a fat-tailed distribution.

The GPD has two parameters and is given by:

H(x):l—(l+%)_/§ EF O o 11
H(x)zl—exp(‘%_) E= 0 e, 1.2

The scale parameter sigma is always positive whereas the shape parameter (§) can assume
positive, negativ  or zero values. As stated earlier, when the shape parameter is positive, the
distribution belongs to the Frechet class (fat-tailed) distributions, when it is zero it belongs to
the Gumbel (thin-tailed) distribution and when negative, the distribution belongs to the Weibull
family (no tail).

When implementing the POT method, a threshold py must be identified to define the beginning
of the tail. Then a GPD is fitted to the peaks over the threshold p by implementing maximum
likelihood estimation. When the GPD parameters are estimated for the “surpassing” values,
the p™" quantile on the tail of the distribution can be estimated. The formula is described in
detail in Chapter two and three. Usually, when using the POT approach, one would implement
the probability stress threshold fixed at 0.05 (95 percentile) or at 0.01 (99 percentile). Using

the formula, the entire tail region can be calculated using different probability quantiles.

When choosing the value for the tail threshold, y, there is a balance trade-off between variance
and bias. If the value chosen is too high, there would be few observations resulting in high
variability. If the value chosen is too low, the tail region of the distribution may be biased
(McNeil & Frey; 2000; Gavin, 2000). Recent research has opted to use the top 20% of values,
if i enfrc.. ..yearsofda _ 1mu&_-a L Ifthes: Hleise  all,

the non-parametric Hill estimator method may be more suitable.

The previous sections indicated that extreme value is applied when a distribution is heavy-
tailed. A distribution of this type could be associated with “exchange market pressure”. The

next section highlights more information about this construct.



1.2 EXCHANC. MARKET PRESSURE

Exchange market pressure (EMP) was introduced and developed by the pioneering
researchers, Girton & Roper in 19, .. Changes in the exchange rate exert an influence on a
given country’s macroeconomic management which affect indices such as inflation, trade
balance, unemployment and many others. The exchange rate could be pressurised due to the
selling pressure of the domestic currency or excess demand for foreign currency. The
monetary authority of the country can either intervene or allow the pressure to appreciate or
depreciate the exchange rate. If intervention is implemented in periods of depreciative
pressure, the policy makers usually raise the interest rate to attract investment opportunities
or sell international reserves to meet the demand of foreign currency (Guru & Sarma, 2013).
In order to encapsulate currency exchange pressure, an understanding and analysis of
exchange rate depreciation, decreases in foreign exchange reserves and increases in interest
rate are fundamental. To include these three essential forms of pressure into a single
composite factor or index, is what is known as EMP. The objective of EMP is to determine
periods of “extreme pressure” or currency crises (two or more continuous periods of stress)
(Guru &Sarma, 2013).

The formula for the EMP index is explained in more detail in Chapter two and three. The EMP
index is a weighted average of ey, 1t and . e; reflects the exchange rate fluctuations whereas
the second component (i) reflects variations in the reserves compared to the total supply of
narrow money. Lastly, i; reflects movements of interest rates in the South African economy.
The weights in this particular index are provided by the relative size of their respective

standard deviations against that of the exchange rate component (Guru & Sarma, 2013).

Positive changes in the EMP index reflect depreciative changes, thus reflecting stronger
selling pressure of the domestic currency or excess demand for foreign currency. It is
important to note that negative values of the EMP index reflects the appreciative nature of the
exchange index and does not imply depreciative pressure. Examples are increases in
reserves or decreases in the interest rate. Consequently, the values of the right (upper
depreciative tail) will be studied extensively. For many years it has been reported that financial
data rarely fit a normal distribution, in fact, most financial data are heavy tailed and leptokurtic
(Fama, 1965). The next section postulates the problem statement where extreme value theory

is applied on EMP.



13 PROBL..A STATEMENT

» J the researcher’s knowledge, research of this natu  has never been conducted in Africa. A
few studies have studied EMP in South Africa but never went as far 5 to model the data using
extreme value theory (Fiador & Biekpe, 2015). An analysis of this kind is especially important
in developing countries where negative net export positions arise, with a deteriorating foreign
exchange position. Moreover, in developing countries variables such as the output growth
(lower gross domestic profit (GDP) implies smaller demand for money), private capital flows
(capital inflows end up in the consumption market), current account balance (inverse
relationship with EMP), terms of trade (deteriorating terms of trade implies a need for more

foreign currency) and public debt are usually different to those of developed countries.

Also, most studies in other regions did not employ extreme value theory. The EMP have not
been compared using the Hill estimate and GPD in EVT. We do not know whether these
methods will be feasible in an African context, and if so, would EMP be estimated accurately.
Moreover, would the use of EMP allow policy makers or the monetary authorities of the African
governments or reserve bank to manipulate interest rates or foreign reserves to prevent future
crises periods? Lastly, during the past twenty years, periods of high and lower volatility
regarding EMP pressure can be identified as well as the relative contribution of each factor
involved with the EMP, that is, changes in the exchange rate or changes in foreign reserves
or changes in the interest rate. An in-depth analysis could help identify possible cause of the

relative contributions of each factor.

Therefore, the research questions that emulate from this study are: Is it possible to model the
data using EVT? Which estimation method (Hill or GPD POT) is best to accurately estimate
periods of extreme pressure? Is the use of EMP analysis using extreme value theory feasible
and accurate for identifying periods of extreme pressure and the incidence of crises in South
Africa? Finally, what are the individual contributions for the three factors involved with EMP
estimation in periods of stress or crises? Consequently the objectives of the current study can

be formulated.

1.4 OBJECTIVES OF THE STUDY

1: To determine whether the ~"AP index of two African countt’ ~ stal’ »ary vy-

or not and if so, to model the data using extreme value theory.

2: To compare the parametric (GPD POT) and non-parametric (Hill) estimation methods in
describing periods of extreme pressure in South Africa and Kenya.



3: v identify periods of extreme pressure or crises in South Africa and Kenya using extremal
analysis for the period 1999 to 2017.

4: To study the three components of EMP estimation at periods of extreme pressure or crisis.

1.5 HYPOTHESES OF THE STUDY

1. The financial EMP data presented for both South Africa and Kenya will be stationary and
demonstrate heavy-tailed Frechet distributions. Consequently, it will be suitable to model with

EVT techniques.

2: Both estimation methods will provide feasible and accurate estimations of extreme
pressure.

3: Periods of extreme pressure or crisis will be identified for both countries for several time

periods

4: All three components of the EMP index will demonstrate causes for periods of extreme

pressure or crises at certain points of time.

1.6 STRUCTURE OF THE DISSERTATION

This thesis is divided into five main chapters.

Chapter one provides a brief introduction and problem statement of the study. The objectives,

hypotheses and plan of study is also highlighted.

Chapter two details an overview of the literature with regards to the extreme value theorem
and estimation of exchange market pressure.

The methods and procedures related to data collection and analyses are described in Chapter

three.
Chapter four presents the data analysis, results and interpretation of the study.

Lastly, Chapter five provides the summary, conclusion, limi ioi 1d futu 5.



1.7 AUTHORS CONTRIBUTIONS

1: The use of extreme value theory is feasible and accurate to determine the exchange market
pressure in South Africa and Kenya.

2: The parametric Generalised Pareto Distribution method of Peak over Threshold is more
accurate than the non-parametric Hill estimate method for modelling Exchange Market

Pressure.

3: Several periods of stress were accurately identified for both the South African and Kenyan
data sets at different probability levels.

4: The use of the statistical package R and associated packages were relevant, effective and
efficient for the studied estimation and modelling methods frequently employed with extreme

value theory.

1.8  LIMITATIONS OF THE STUDY

1: The feasibility of extreme value theory in other African country’s still need to be determined.
~ ;pecially so, in poorer regions with a lower gross domestic profit, areas with a rising interest

rates or current account deficit and declining international reserves.

2: The accuracy of modelling Exchange Market Pressure when using other subclasses (such

as Gumbel or Weibull) of the Generalised Pareto Distribution still needs to be determined.

3: Further research is needed to provide more “timely” early warning signals for policy makers

and financial analysts to counter periods of pressure or crises.

4: The contagion effect of a neighbouring country or a country whom South Africa or Kenya

has close financial ties with, needs to be addressed.



CHAF.cR TWO: LITERA: JRE REVIEW

2.1 EXTREME VALUE Tt.—<.. {

Extreme value theory (EVT) affords a strong theoretical foundation for constructing statistical
models to describe extreme events (Gilli & Kellezi, 2006). EVT is used in the study of extreme
events and their associated asymptotical distributions (Rocco, 2014). The events occur rarely
in frequency, but are extreme in magnitude compared to the majority of events. A classical
question asked with EVT is: “if things go wrong, how wrong will they go?” EVT is concerned
with the construction of models so that the possibility of an extreme event could be addressed
(McNeil, 1999). The foundation of the EVT theory was set by Fisher & Tippett (1928) who
reported that the distribution of extreme values from an independent and identically distributed
(iid) sample with a cumulative distribution function can converge to one of three applicable
distributions. Many textbooks are available that provide a detailed account of EVT and
applications thereof (Coles, 2013; Embrechts et al., 2013; Reiss & Thomas 2013; McNiel et
al., 2005; Beirlant et al., 2004)

Extreme event risk is existent in all spheres of risk management (McNeil, 1999). In fields such
as engineering, geography and climate, EVT is well established, whereas in financial data, the
use is becoming increasingly popular due to stock market crashes, credit losses, and periods
of crises (Longin, 2017). Examples of risk management are: market-risk, credit-risk,
operational-risk, insurance-risk, flood-risk, drought-risk, stock market-risk and many more.
Market risk may be related to the day-to-day risk for losses occurred due to an adverse event,
or operational risk management may be related to the amount of capital needed to cushion
against credit down gradings or other extreme events (McNeil, 1999). It is crucial to be able to
model risks so that the possibility of extreme outcome is addressed and this is where the field
of extreme value theory is very useful. As stipulated earlier, EVT is a methodology that is
needed to model rare events with unprecedented consequences such as large financial
losses, floods, heavy rainfall, droughts and others (Gilli & Kellezi, 2006). The theoretical
framework and computational tools regarding the use of . . in finance have improved vastly
in the last three decades due to stock market crash in 1987, the Asian Financial Crisis in 1997,

the hedge fund crisis in 1998 and the more recent credit crisis in 2007 (Rocco, 2014).

The theorem of EVT can be compared to the central limit theorem (CLT). The CLT sta ; that
when non-dependent random variables are summed, the sum when normalised tends to a
normal distribution with a bell-shaped curve. Similarly the EVT, shows that the standardised

maxima of a sequence of independent and identically distributed (iid) random variables



converges to a given " /T distribution family (Rocco, 2014). Wt e the CLT is associated with
the sums of random variables and a unique limit, EVT is concerned with the maxin andtl 3

families of asymptotic distributions.
Specifically, if n iid random variables (X1, X2, ..., Xn), Mn symbolises the maximum.
That is Mn = max {X1, " ..., Xn}.

If F is the cumulative distribution function (CDF) of Xj (j =1, 2, ..., n), the distribution function

of Mn is provided by F" (Rocco, 2014). Taking the limit will produce:

lim (F)" (0= {1,if Fo =1}

{0, if F(x) <1}

which is a degenerate function.

Fisher & Tippett (1928) standardised the variable Mn using an affine transformation with a
positive scale parameter (Cn > 0) and a positive location parameter dn, reducing to study the

asymptotic distribution of:

to obtain a non-degenerate limit distribution for the maxima.

2.2 MODELLING EXTREME RISK

A branch in Mathematics called probability theory is used to model risks. Risks are random
variables and can follow many different distribution types. A particular probability distribution
could provide partial information about that distribution. Extreme risks occur when values from
the tail of the distribution  taken. Again, a particular pr« * bility distribution is to be selec |,
usually through the statistical analysis of previously observed data. As a consequence EVT
provides the researcher or risk manager with the best possible estimate of the tail area of that

distribution.






is the fully parametric model based on the Generalised Pareto Distribution (Embrechts et al.,
1998).

Shortly, the POT method defined extreme values that exceed a particular threshold. The
purpose is to model the distribution of the exceedances over the threshold with the random
variables Yj = Xj - g in which those observations Xj that exceed p (Xj > u). As the th  ;hold,
M, grows to infinity (right end point bect s finite), the positive sequence, when sca |, fits
with the parametric family known as the Generalised Pareto Distribution. When financial
returns fits a C_ / distribution with Xi, the shape parameter, being larger than zero and an
adequately large p, the exceedances over p fits a GPD. The Block Maxima and POT
approaches are parametric and they fit a parametric model using the technique of maximum
likelihood to the upper tail (Rocco, 2014). The Block Maxima and POT method is discussed in

more detail in the next few sections.

The parametric approaches (Block maxima and POT approaches) and the non-parametric
approach (Hill estimator) are very useful and theoretically sound and practically applicable
when used correctly. McNeil (1999) favours the POT approach due to reasons of simplicity. A
parametric formula for extreme risk is obtained and used to give estimates of statistical error

using techniques of maximum likelihood estimation.

2.3 GENERAL MATHEMATICAL THEORY
2.3.1 GENERALISED PARETO DISTRIBUTION
The GPD has two parameters. See formula 1.1 and 1.2 in the previous chapter.

The scale parameter (o) is always positive whereas the shape parameter (§) can assume
positive, negative or zero values. When the shape parameter is positive, the distribution
belongs to the Frechet class (fat-tailed) distributions, when it is zero it belongs to the Gumbel
(thin-tailed) distribution and when negative, the distribution fits the Weibull family (no tail). See

Figure 2.2 below for schematic presentation.
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GEV distribution
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Figure 2.2: Generalised Pareto distribution with a Frechet, Gumbel and Weilbull sub-

class.
Frechet: F(x, 4, c, §) = [e *™9] [0, x=0]
Weibull: F(x, 4, 5, §) = [e =¥)"q] [1,x>0]

Gumbel: F(x, 4, 5,0)=  [e "] [X € R]

The first case is the most relevant for risk management since the GPD is heavy tailed when §
> 0. When & > 0 we find that E [X¥] is infinite for k 2 1/§. When § = ', the GPD is an infinite
variance (second moment distribution). When ¢ = 4, the GPD has an infinite fourth moment.
The normal distribution cannot model these phenomena but the GPD is used to precisely

capture this behaviour.

2.31.1 PEAK OVER THRESHOLD

WI aimg 2 ottt FTn hod thre oldymustbeidenti Itc it oeginning
of the tail. Then a . _ .s fitted to the peaks over the threshold p by  »lementing max. . um
likelihood estimation. When the GPD parameters are estimated for the “surpassing” values,

the pt" quantile on the tail of the distribution can be estimated using the following formula:



n: total number of observations,
k:number of observations above the threshold y,
o, €& maximum likelihood estimates of the GPD parameters,

p: probability level

Usually, when using the POT approach, one would implement the probability stress threshold
fixed at 0.05 (95" percentile) or at 0.01 (99" percentile). Using the formula listed in the
previous paragraph, the entire tail region can be calculated using different p quantiles.

An important issue to the POT approach is that there is a trade-off between variance and bias
when choosing the threshold, y (Rocco, 2014). When the threshold chosen is too high, few
observations remain, and not enough for reliable estimation. If the threshold chosen is too low,
conventional data is used (not extremal), yielding estimated which are biased. Incorrect
conclusions will be drawn if the threshold chosen is too high or too low as the scale and shape
estimators will be unreliable. Rocco (2014) provided four possible methods to deal with this
delicate and important decision. Firstly, choosing y so that 5-15% of the data is selected. Guru
& Sarma (2013) proposed the use of a 20% threshold. Secondly, if using the Hill estimator
method, the use of Hill plots. This method estimates values for Xi as a function of y, until stable
estimates are yielded. The hill plot should demonstrate a horizontal line in the Hill plot as

demonstrated in the figure below (Figure 2.3).

Hill Diagram
p
[
g
g
u
2‘ e ~
“ ~—~
0 50 500
Nr. of Excredances

Figure 2.3: Example of a Hill diagram
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Thirdly, Monte Carlo simulations can be applied by selecting a th hold value which
minimises the mean squared error whilst regarding the balance between variance and bias.
Lastly, algorithms can be incorporated by using the bootstrap method to select the most suited

threshold value.

Another important consideration when applying EVT, including the POT method, is that the
data must be iid. Most financial time series are not iid (Rocco, 2014). Consequently, the
dependence structure of the data must be accounted for. The financial time series must be
stationary, and if it is stationary, the fitting of some ARCH/GARCH (generalised autoregressive
conditional heteroscedasticity) model could eliminate the influence of autocorrelation. The
ARCH/GARCH model structure will be discussed in the next section.

2.3.2 HILL ESTIMATOR

The Hill estimator has been well developed in recent years and applied widely, with good
results and sometimes superior to the Block Maxima and POT methods (although less

favourable).

Non-parametric statistics considers the order and ranks of the data (X1, n > ... Xn, n). The
formula was first proposed by Hill (1975) and given by (inverse of the log-exceedance above
threshold):

k
Hk,n=k"Y log(n—j+1)-log X,_,

J=1

.................................................................... 22

K represents the cut-off between the tail and central observations so that Xj,n can be

considered extreme observations.

Alternatively, the formula can also be structured in a different way that is more user-friendly
(¥ g & " ng, 2017).

g, :—I—ZlogX,. 10705, GO PP 2.3
n =



Where n represents the largest observations (cut-off between tail and « tral observations).

The asymptotic properties (weak consistency, strong consistency and asymptotic normality)
is provided by Embrechts et al. (2013).

The 100pth quantile using the Hill estimator is computed by the following formula (Kang &
Song, 2017).

X, =X, [n AN 1} .............................................................................. 2.4

Where n is the tail observations, N is the entire sample and Xi is the Hill estimator.
The second part of the literature overview provides insight into EMP.

24 EXCHANC ~ MARKET PRESSURE

Exchange market pressure (EMP) was presented and established by the ground-breaking
researcher Girton & Roper (1977). The concept was further formalised by Weymark (1995). A
country’s exchange rate may come under attack due to excess demand for foreign currency
or selling pressure of the country’s own currency. The country’s monetary authorities can
either defend the exchange rate pressure by implementing policies to counter it or allow
depreciation of the currency. Usually, intervention strategies are implemented whereby policy
makers raise the interest rate to entice investors or the monetary authorities could decide to
sell international reserves to meet the demand of foreign currency (Guru & Sarma, 2013).
Consequently, the monetary authorities of a given country must comprehensively understand
the status and changes of a country’s exchange rate, foreign exchange reserves interest rate.
The inclusion of these three essential and dynamic variables into a single composite factor or

¢, is what is known as EMP
Ti stin AP ¢ mit | 1 p '
crises. A 1t ¢y crisis results withtwc  mo  continuous

2013). mnomists  Ist know when such pressure occurs, the intensity thereof, and then

provide advice to policy makers with the best methods of countering the pressure.
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Similarly, Pozo & Amuedo-Dorantes, (2003) reported between th : and five periods of
currency market stress in six different Asian countries, between four and nine periods of s 3s
in four European countries and between two and six periods of stress in six * itin American

countries.

The next section briefly describes how most countries counter extreme pressure or a currency

crisis.

As stated in the introductory paragraph, usually the monetary authorities react decisively to
exchange market pressure by raising the interest rate to attract investment opportunities or
the country may decide to sell some of its international reserves (Guru & Sarma, 2013; Pozo
& Amuedo-Dorantes, 2003). This action is deemed necessary to find the means to the draw
foreign currency. ..2searchers in the Philippines (Gochoco-Bautista & Bautista, 2005)
attempted to study various research studies (Tanner, 2002; 1999) using the EMP index to
counter currency pressure. They reported that raising interest rates and contracting domestic
credit growth both were used successfully to reduce the EMP. However, in crisis periods, the
contraction of domestic credit growth was the most viable option. Interestingly, the researchers
go the extent to state that there is a perverse and debilitating effect when the interest rates
are raised which could be counterproductive (Gochoco-Bautista & Bautista, 2005). The
researchers report high interest rates could cause bankruptcies, debt default, burden on the

public sector and weakening of the banking system.

The EMP is not only used to predict extreme pressures or currency crisis but has also been
used for other reasons. For example, a study by van Poeck et al. (2007) determined whether
certain European countries should be eligible to enter the European Union States using
exchange market pressure.

25 CONCLUSION

This chapter provided a literature overview regarding extreme value theory and associated
aspects related to modelling and mathematical & statistical theory. The peak over threshold
methods of GPD and Hill estimate are discussed together with the computation of their
respective quantiles. Finally, the construct EMP, and the three components thereof was
discussed together with similar studies that have been explored in India, Asia, Latin America

and the Philippines.



CHAPTER 1rlRce.  RES=ARCH METHODOLOGY

3.1 RESEARCH DESIGN

This study was quantitative and exploratory in nature where financial data for two different
African countries (RSA, Kenya) for the past 20 years was analysed to construct a monthly
EMP index. Quantitative and exploratory research was used to employ statistical and

mathematical models pertaining to EMP.

Financial data from 1999 to 2017 was obtained from the Global Markets Research team (Rand
Merchant Bank). Rand Merchant Bank is a division of First Rand Bank Limited and one of the
largest corporate and investment Banks in Africa. The Rand Merchant Bank Global Markets
Research Team provides comprehensive financial Market Research analyses.

3.2 DATA ANALYSIS
3.21 EXCHANGE RATE, INTEREST RATE AND RESERVES-TO-M1 MONEY SUPPLY

The data obtained included monthly data pertaining to the average monthly exchange rate of
the ZAR and the Kenyan Shilling against the US dollar. Also, the ratio of monthly reserves to
base values (indicative of the adequacy of reserves and how much the foreign exchange
reserves cover the most liqguid money supply) was also obtained for each country. Lastly, data
for the movement of monthly nominal interest rates was obtained. The movements of these
three components and their relative changes is schematically demonstrated in the next
chapter. All three variables were computed to reflect rate relative changes. All three financial
variables (rate-of-change in exchange rate, rate-of-change in interest rate and rate-of-change
in reserves-to-M1) must demonstrate stationarity if used for subsequent analysis with extreme
value theory. Other than the general descriptive statistics (mean, median, variance, standard
deviation, skewness and kurtosis), the stationarity according to the Jarque-Bera Test statistic
was determined as a first step. Another important component when applying extreme value
theory is the assumption of no-autocorrelation in the time series. The next section explains

how the data analysis was applied in such instances.

3.2.2 ARCH/GARCH PROCESSES

The second step towards achieving an EMP index, was to specify the time series dynamics of
each of the components. When no time varying volatilities were observed, the appropriate



standard ¢ riations w used for components that display featt 3 of conditional
heterosc lasticity using ARCH and GARCH models. T| standard Box-Jenkins methodology
was applied to arrive at the best fitting time series model. In doing so, the EMP series was
standardised for each individual component if serial-correlation was reported to achieve
independence and identically distributed distribution. The results of the Box-Jenkins
methodology and Ljung Box Q-statistics for the first and second moment are demonstrated in
tables for the three components. The basic statistics of exchange rate, nominal interest rate
and ratio of reserves to base money is presented in a table (maximum, minimum, mean,
standard deviation, variance, skewness, kurtosis). Possible periods of more and less volatility

are identified within the total period of 19 years (RSA) and 18 years (Kenya).

3.2.3 CALCULATION OF THE EMP INDEX

The EMP index was calculated as reported in Chapter 2. The calculations for each country

were performed in Microsoft Excel 2016 (Microsoft, Redmont, United States)

EMP =e, —["/ o, }, + ["/ }i, ..................................................................... 3.1
O-i

Descriptive statistics are provided for the EMP index (Chapter 4). The movement of the EMP
index is demonstrated in a figure. The descriptive statistics, tests for normality, skewness,
kurtosis and autocorrelation was analysed with statistical package R and R studio (CRAN, R

Core Team, 2016). The website for the R project is http://www.r-project.org and the source

code is “*~//www.gnu.org/licences/apl.html. The R language is a dialect code of the S

language, established by John Chambers at the Bell labs in the 1970’s.

3.2.4 DEFINING MARKET STRESS USING EXTREME VALUE THEORY

In this study, extreme positive values of the EMP index as indicative of intense currency
(Y d itre 3 values rare in natt  and occur with a small

¢ bility. ..1e probability of a crises event that is an EMP index that exc  Istl  [(1-p) x
100] percentile will indicate a stress event. Consequently, a threshold value for the
identification of a stress event is provided. Where the observed valued of the EMP index is

more than this threshold, the index at that particular point can be considered under stress.



The quantiles of these points (usually 95 or 99t |  centile) are located in the tail regions of
a probability « sity function. Financial data often display non-norn  behaviour with

asymmetry and kurtosis.

3.24.1 GENERALISED PARETO DISTRIBUTION: PEAK OVER THRESHOLD

The largest 20% of the EMP index values was considered extreme observations. As such, the
tail threshold y was the probability of the EMP index being higher than this is 0.2. A GPD was
fitted to the “excesses” over y and apply the estimated GPD parameters to compute crisis-
thresholds given for the 95" and 99 percentile. An observation of the EMP index larger than
these thresholds will be indicative of a stress situation. Several tail quantiles for different
probability levels p was computed to compare the results of the GPD to that of a normal
distribution and the empirical (actually observed) quantiles.

The GPD parameters are estimated for the “exceeding” values and the pt quantile on the tail

of the distribution was estimated using the following formula:

X, =u+"§{("%}_: —1} .............................................................................. 3.2

2 formula was explained in more detail in Chapter 2.

3.24.2 HILL ESTIMATOR

Similarly the Hill estimator was also fitted to the “threshold” values as in 3.2.4.1 The Hill
estimator was fitted to the tail of tI  distribution and the estimated Hill parameter (Xi) was
used to compute crisis-thresholds at the 95" and 99t percentile. Again several tail quantiles
(for different probability levels p) was computed to compare the results of the Hill estimator
not only to that of the empirical quantiles but also to that of the GPD POT and normal

distribution.

[ n tc ,n> ... Xn,n). Tl P by |l



k
Hk,n=k"'210g(n—j+ 1)— log X,_,

J=1

.................................................................... 3.3

K represents the cut-off between the tail and central observations so that Xj,n can be

considered extreme observations.

Alternatively, the formula can also be structured in a different way that is more user-friendly
(Kang & Song, 2017).

&, =lZ:logX,—logX"+l .................................................................................. 34
n

i=1

Where n represents the largest observations (cut-off between tail and central observations).

The 100pth quantile using the Hill estimator is computed by the following formula (Kang &
Song, 2017).

3
”n

X, :X"+1[n+%\/+1}

3.5

Where n is the tail observations, N is the entire sample and Xi is the Hill estimator.

The EMP index was analysed using extreme value theory by using the statistical package R
and R studio (CRAN, R Core Team, 2017).

3.2.5 ANALYSING THE STRESS EPISODES

Once the strc i events are identified, an analysis of the stress events can be} formed in the
context of prevailing conditions in these countries around the stress periods. Furthermore, the
contribution of each of the three components of the EMP index can be assessed during the
stress periods. However, as this thesis is based on statistical theory and application, the

influence of the respective countries’ economies is not studied in detail.



3.3  STATISTICAL ANALYSIS

All data was analysed in the statistical package R (CRAN, R Core Team, 2016) and Microsoft
Excel (Microsoft, Redmont, United States). Firstly, the three components of the EMP index
was analysed as rate-of-changes in Microsoft Excel (Microsoft, Redmont, United States).
Subsequently, the descriptive statistics and skewness, kurtosis, normality and stationarity was
reported in R with the packages ‘tseries’ (Trapletti et al., 2017), ‘forecast’ (Hyndman et al.,
2017) and ‘fBasics’ (Wuertz et al., 2014). The next step was to calculate the time varying
volatilities with appropriate ARMA and/or ARCH/GARCH processes (for each one of the three
components of the EMP index). These analyses were also conducted in R with the packages
‘portes’ (Mahdi & McLeod, 2017) and ‘rugarch’ (Ghalanos, 2015). Ljung-Box statistics for the
mean and squared series were used to identify whether ARMA and/or time varying volatilities
were present. Finally, the EMP index was calculated with formula 3.1. Again, descriptive
statistics in association with skewness, kurtosis, normality, stationarity and Ljung-Box
statistics are provided. Subsequently, the EMP index was modelled with the GPD POT and
Hill estimate methods. This analysis was performed in R with the packages ‘fextremes’
(Wuertz et al., 2013), ‘extRemes’ (Gilleland, 2016) and ‘Relns’ (Reinkens et al., 2017).
Estimates for the shape and scale parameters are provided. The estimates were also manually
calculated in Microsoft Excel (Microsoft, Redmont, United States) using formula 3.4 for
certainty. Lastly, the quantile for each method was calculated for p=0.001 to p=0.2 using R
and manual calculations (Formula's 3.2 & 3.5). The empirical quantiles were calculated
manually in excel using the quantiles p=0.001 to p=0.2. As a final step, periods of crises were
identified and the main contributor of the EMP index identified. These analyses were run for
two African countries namely ZAR and Kenya. Probability values less than 0.05 were

considered statistically significant.

3.4 LIST OF STATISTICAL TESTS
1: Descripti  statistics (mean, median, variance, stanc d deviation, sl vness, kurtosis)

2. Normality (Jarque-Bera test statistic confirmed by Skewness, Kurtosis, Kolmogorov-

Smirnov test)

3. Stationarity (Augmented Dickey Fuller test confirmed by Phillips-Peron test)



4: ARCH Lagrange Multiplier test (at different lags)
5: Ljung-Box test statistic for series and squared series (for mean and variance)
6: Time series ARMA analyses

7: _itreme value theory: Peak over threshold using maximum likelihood estimation with

‘extRemes’ confirmed by ‘fextremes’

8: Extreme value theory: Peak over threshold using non-parametric Hill estimate with ‘Relns’

confirmed by ‘fextremes’.

9: Calculation of empirical and estimated quantiles using ‘fextremes’; ‘extRemes’ & ‘Relns’.

3.5 ETHICAL CONSIDERATIONS

Ethical approval was granted from the North West University Ethical Committee (Mafikeng
campus). The ethical approval number is NWU-00511-17-A9. The ethical approval certificate
is attached as an Addendum (Appendix B). Any information that was attained in connection
with this study will remain confidential and will not be unveiled. A permission letter was
acquired from the Director of the Global Markets Research Team of Rand Merchant Bank. All
questions and data sheets were arithmetically coded and no identifying names were included
in the data pool. All raw and analysed data was and will be safely and securely deposited at
the primary researcher’s office. No-one except the researcher and project supervisors will
have access to the processed data sheets. The participation in this study was entirely
voluntary and the Directors from the Global Markets Research Team were free to withdraw

and terminate participation at any time for any reason.
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Figure 4.2: SA- Movement of the rate of change of monthly interest rates
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Figure 4.3: SA- Movement of the rate of change in reserves-to-M1 ratio



411 EMP INDEX CALCULATION

Using the exchange rate, interest rate and reserves-to-M1 data from South Africa, the EMP

index can be calculated. This formula was also presented in Chapter 2.

EMP, =e, - ["/ o, }r, + ["% }i, ..................................................................... 4.1

ey relative change in nominal exchange rate of ZAR against US dollar on month t

ri: relative change in ratio of gross forex reserves to narrow money (reserves-to-M1) in month
t

it :relative change in interest rate in month t
Oe, Or, Ci are the standard deviations of e, rr and i.

However, before the respective standard deviations can be applied in the formula, we need to
use the standardised standard deviations (for the variables in the EMP index that displayed
conditional heteroscedasticity) to ensure that the assumption of iid holds. As such the EMP
index requires the standardisation of the time varying volatilities. Consequently, the time series
dynamics are displayed of each constituent of the series (Table 4.2, Table 4.3, and Table 4.4).
These analyses were performed successfully in the study carried out by Guru & Sarma,
(2013).

The e; series demonstrated autocorrelation with signific 1t Ljung-Box statistics for the mean

series revealing an MA[1] process (Table 4.1).

Table 4.2: SA- Specification for the rate of change of exchange rate: A [MA(1)] model

Parameter | Estimate | standard error
MA(1)
Intercept 0.282 ( 1NR2
MA(1) 0.5008 U.uoro
AIC = 4.0915
BIC = 4.1852
We' tted” ' Box Weighted Ljung ™
Test or residuais: Test on squared
ranidiiAla.
WU D.04V V.1V ) W T = D.YYY (U.YSD)
Q(25)= 20.523 (0.719) | Q(zb) =9.411 (0.997)

The it series displayed autocorrelation with significant Ljung-Box statistics signifying an ARMA

process. Moreover, the squared series also demonstrated serial-correlation suggesting a






An example of the R-code used is provided below.

R code example: Rate of change ~* =~~*~=~1 rate (De~~-"otive statistics ~~-
ARMA/GAE!‘LI .-...A—:‘:--f:-..-\

Packages

library(tseries)

library(forecast)

library(FinTS)

library(fBasics)

HTvoiteMTE RATE

ab<-ts(RSAS$FX, frequency = 12, start=c(1999,3))
ab

plot(ab, xlab="Date", ylab="", main="Movement of the rate of change of monthly exchange
rate")

basicStats(RSA$F X)

FinTS.stats(ab)

jarque.bera.test(ab) # Test for normality

adf.test(ab) # Test for stationarity

pp.test(ab) # Test for stationarity

ArchTest(ab, lag=1) # Test for ARCH effect

acf(ab, lag.max = 20) # ACF plot

pacf(ab, lag.max = 20) # PACF plot

auto.arima(ab) # To determine ARMA process

Box.test(RSAS$FX, lag=20, type=c(("Ljung-Box"))) # Ljung-Box test for series
var=(RSA$RAT-mean(RSA$RAT))"2

Box.test(var, lag=20, type=c(("Ljung-Box"))) # Ljung-Box test for squared series

library(portes)
LjungBox(RSAS$RAT, lag=20, squared.residuals=TRUE) # Ljung-Box test for squared series
lib y(ru¢ ch)

I = ugarchs; ] (a ( 3(0,1)),
variance.model=list(gar_.._.__. _,.,0)),distribution.model = "std") # ARMA / GAF._ .1 Model
specifi ion

model.garch.fit = ugarchfit(data=ab, spec=model.garch)
coef(model.garch.fit)

sigma(model.garch.fit)






As schematically demonstrated in the figure below the EMP index reveals more or less
constant volatility during the entire period. Several spikes of depreciation (positive value of the
EMP index) can be seen in December 2001, March 2004, June 2006, October 2008, February
2014 and December 2015. The biggest of those is in February 2014,

EMP index
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Figure 4.4: SA- Movement of the EMP index (1999 - 2017).

Since we have studied the EMP index in South Africa from 1999 to 2017, we now need to
demonstrate the identification of a stress period. These are periods of extreme positive values
in the EMP index. Periods of sustained stress over two or more periods are indicative of a
currency crisis. The application of extreme value theory will be used to demonstrate these

periods of extreme pressure and/or currency crisis.

4.1.2 EXTREME VALUE THEORY: PEAK OVER THRESHOLD ANALYSIS OF THE EMP
INDEX

The study by Guru & Sarma (2013) chose a threshold value of the largest 20% of values. In
our study we decided to use a threshold value of 15% of the data to be extreme observations
as our South African data set is less volatile to that presented by Guru & Sarma (2013). The
tail threshold (largest 15% of values) chosen is 7.00. This equates to the largest 35 values. In



the accompanyii  figure (Figure 4.5), it fident that the PC . estimates levels off and

becomes stable after thirty-five observations.
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Figure 4.5: SA- Peak over threshold estimates to determine the threshold value

Using this threshold value, we proceeded to fit a generalized Pareto distribution (GPD) to the
values exceeding 7.00. ..i1e maximum likelihood estimation method is utilized. The analysis
was conducted in the statistical program R. The code is provided in the next section. The
package fExtremes (Wuertz et al., 2013) is used for the analysis. Consequently, the estimated
parameters are used to calculate crisis thresholds at the 95" percentile and 99t percentile.

The formula used for the peak over threshold method is:

Xp=u+%[(”l’kj :—1}

................................................................................. 4.2

n=216,

k= 35 (number of observations above the threshold p),



o, € maximum likelihood estimates of the GPD parameters (see Table 4.6)

sually, when using tt - POT approach, one would implement the probability stress threshold
fixed at 0.05 (95" percentile) or at 0.01 (99" percentile). Using the formula listed in the
previous paragraph, the entire tail region can be calculated using different p-quantiles. The
table below (Table 4.6) depicts the parameters estimated by the GPD.

Table 4.6: SA- Generalised Pareto Distribution: Peak over threshold estimation results
for tha EMP series

% or Amount or Threshold | Shape Scale P=0.05 P=0.01
observations | observations | (u) parameter | parameter | 95" goth
above the | above the © () percentile | percentile
threshold threshold

15% 35 7.00 0.400 3.415 12.13 24 12

The shape parameter was shown to be 0.400, which is a positive number and indicative of the
heavy-tailed and Frechet distribution. The results in Table 4.5 also revealed non-normality
(Jarque-Bera statistic) and excess kurtosis. The Histogram of the EMP index confirms the

positive skew and kurtosis (Figure 4.6).
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Figure 4.6: SA- Histogram of the ../MP index for the period 1999 to 2017

The following four figures demonstrate the diagnostic plots for the fitted distribution (Figure

4.7, Figure 4.8, Figure 4.9, Figure 4.10). The observations are fitted well for the tail and excess



of the underlying distribution (Figure 4.7 & Figure 4.8). The figures demonstrate a good fit with
the peak over threshold method (using maximum likelihood estimation), with the use of the
top 15% values. In figure 4.9, the scatterplot of the residuals is random and spread with the
red line nearly parallel to tt  X-axis indicating a good fit. The residuals in the QQ-plot are also
fitted close to the 45 degree line in the next figure (Figure 4.10).
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Figure 4.7: SA- Diagnostic plot for Peak over threshold analysis: Tail of the underlying

distribution
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Figure 4.8: SA- Diagnostic plot for Peak over threshold analysis: Excess distribution
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Figure 4.9: SA- Diagnostic plot for Peak over threshold analysis: Scatterplot of the

residuals



QQ-Plot of Residuals
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Figure 4.10: SA- Diagnostic plot for Peak over threshold analysis: QQ-plot of the

residuals

The estimated 95" percentile for the EMP index is 12.13 and 24.48 for the 95" and 99t
percentile. These are indicative of the crisis threshold or stress periods at 0.01 and 0.05
probabilities respectively. EMP values larger than these thresholds would indicate period of
stress/crisis at the corresponding probability levels. Table 4.7 demonstrates that the EVT
quantiles fit the empirical quantiles better than the normal distribution quantiles as reported in
Guru & Sarma (2013). The normal distribution crisis based thresholds are very low and
therefore, many false alarms would be raised. As studied in the table . able 4.7), it is clear
that the model is accurate for values up to the 95" percentile, and that the accuracy of the
estimated quantiles for the 96t to 99,99 percentile decreases. However, the model still
provides a better fit when compared to the normal distribution.






extreme positive index. Lastly, in March 2004, the rate-in-change in reserves-to-M1 was the
most prominent component to influence the EMP index. Although a near currency crisis was
elicited in January 2014 and February 2014, values of the EMP index returned to normal in
March 2014. Also, fortunately the value for the EMP index for January 2014 was not indicative

of severe currency pressure (p=0.01).

Similar results for periods of stress or crises are also reported in Asian studies (Guru & Sarma,
2013; Pozo & Amuedo-Dorantes, 2003). The study by Guru & Sarma (2013) also reported the
influence of the individual components in periods of extreme pressure.

Table 4.8: SA- Extreme pressure or crisis of the EMP index with individual components
f~r each month

Month of extreme | emP | Component or the eviP index

EMP | kate-in-change | Rate-in-change Rate-in-change
Exchange rate Interest rate -Reserves-to-M1

December 2001 2543 | 19.86 4.73 2.53

March 2004 20.50 | -2.02 0.43 -20.37

June 2006 27.80 | 10.32 4.29 1.22

June zuur 1589 | 1Lyr 4.10 -0.23

October 2008 25.73 | 21.01 1.29 -1.41

February 2014 37.12 | 0.69 7.77 0.03

December 2015 18.21 | 6.08 2.98 -1.36

February 2016 12.66 | -3.41 4.78 -2.30

The R code used for extreme value theory (GPD and Peak over threshold) is provided below:

library(fExtremes)

library(ExtRemes)

library(relns)

bfit<-gpdFit(RSAGARCH$EMP, u=7.00)

bfit

plot(bfit)

summary(bfit)

gpdQuantPlot(RSAGARCHS$SEMP, threshold=7.00, type="GP")
gpdRiskMeasures(bfit)

gpdRiskMeasures(bfit, prob = ¢(0.80, 0.81, 0.82, 0.83, 0.84, 0.85, 0.86, 0.87, 0.88, 0.89, 0.90,
0.91, 0.92, 0.93, 0.94, 0.95, 0.96, 0.97, 0.98, 0.99, 0.995, 0.999, 0.9995, 0.9999))

print(bfit, ci=0.95); summary(bfit, ci=0.95)



41.3 EXTREME VALUE THEORY: HILL ESTIMATE

Quantiles calculated according to the Hill estimate are also provided in Table 4.7. Figure 4.11
below confers with the earlier decision to use a threshold value of 7.00 (that is K=35). A parallel
line to the X-axis can be drawn up to k=35. The largest 35 values were sorted from largest to
smallest (rank ordered), and formula 4.3 (Kang & Song, 2017; Hill, 1975) was applied to
determine tt  Hill estimate (Xi [Hill]).

1 n
== D 108X, — 0B X, ettt et 4.3
n s

The Hill estimate calculated is 0.54172

The 100pt" quantile using the Hill estimator was also computed according to formula 4.4 (Kang
& Song, 2017). The analysis was also run in R (package Relns). The code for the R package
is provided below.

X :X,,+,[ 1N+1} .................................................................. 4.4
Hill estimates of the EVI
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Figure 4.11: SA- Hill estimate to obtain cut-off between tail and central observations



When studying Table 4.7, it is clear that the GPD POT method outperforms the Hill estimate
(compared to the empirical quantiles) at higher quantiles (p=0.001 to p=0.10) where the risk
of extreme crises becomes more formidable. However, there are instances where the Hill
estimate provides a better index compared to the GPD POT method and especially so at
percentiles of 0.80 to 0.89.

The R code used for extreme value theory (Hill estimate) is provided below
Library (Relns)
Hil(RSAGARCH$EMP[RSAGARCH4EMP>0])gammal[35]

Hill(RSAGARCH$EMP[RSAGARCH4EMP>0], plot=TRUE)

The next section focuses on the EMP of another African country.

4.2 KENYAN DATA

Jdble 4.9 provides information about descriptive statistics, normality, stationarity and serial-
correlation for the three components of the EMP index for the period August 2008 to February
2017. All three financial variables demonstrate non-normality but are stationary. They are
skewed and show excess kurtosis (except rate of change in reserves-to-M1). No significant
Ljung-Box statistics for the series or squared series for any lags are shown for any of the three
components of the EMP index. As a consequence all variables demonstrate no time varying
volatilities and do not need to be modelled with ARMA and/or ARCH/GARCH processes.
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Figure 4.12: Kenya- Movement of the rate of change of monthly exchange rate
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Figure 4.13: Kenya- Movement of the rate of change of monthly interest rates
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Figure 4.15: Kenya- Movement of the EMP index (August 2000 — February 2017).

4.2.2 EXTREME VALUE THEORY: PEAK OVER THRESHOLD ANALYSIS OF THE EMP
INDEX

For the Kenyan data, the researcher used a threshold value of 20% similar to the study by
Guru & Sarma (2013). The data set contains 199 observations. 20% of 199 equates to 40
values. Consequently, the threshold value for the Kenyan data set is 6.50. In the
supplementary figure (Figure 4.16), it is clear that the POT estimate levels off and becomes
stable after 40 observations. Subsequently, a generalised Pareto distribution (GPD) to the
values exceeding 6.50 can be fitted (formula 4.2). The maximum likelihood estimation method

is utilized.
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Figure 4.16: Kenya- Peak over threshold estimates to determine the threshold value

The table below (Table 4.11) depicts the parameters estimated by the GPD.

Table 4.11: Kenya- Generalised Pareto Distribution: Peak over threshold estimation
results for the EMP series of the Kenyan data

% of Number of Threshold | Shape Scale P=0.05 P=0.01
observations | observations | (u) parameter | parameter | 95" 9gth
above the above the © (0) percentile | percentile
threch~l4 threshold

| 2Nor 40 6.50 0.1662 6.1756 16.17 30.53

The shape parameter is 0.166 which is a positive number and indicative of a Frechet (heavy-
tailed distribution). The results in Table 4.10 also revealed non-normality and excess kurtosis.

The Histogram reiterates a positive skew and is leptokurtic (Figure 4.17).
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Figure 4.17: Kenya- Histogram of the Kenyan EMP index for the period 2000 to 2017

Figure 4.18 - Figure 4.21 demonstrate the diagnostic plots for the GPD (peak over threshold)
fitted distribution for Kenya. The observations exceeding the threshold value of 6.50 are fitted
well for the tail and excess of the underlying distribution (Figure 4.18 & Figure 4.19). The
scatterplot of the residuals (Figure 20) is random and spread with the red line nearly parallel
to the X-axis indicating a good fit. The residuals in the QQ-plot are also fitted close to the 45

degree line in the next figure (Figure 21).
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Figure 4.18: Diagnostic plot for Peak over threshold analysis: Tail of the underlying distribution
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Figure 4.19: Kenya- Diagnostic plot for Peak over threshold analysis: Excess distribution
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Figure 4.20: Kenya- Diagnostic plot for Peak over threshold analysis: Scatterplot of the
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acause the EMP index and extr¢ 3 periods of stress ha | :n identified, itis )»ssible to
explore in more detail what economic activities transpired at this time. Table 4.13 is
representative of the individual factors of the EMP index. The highlighted cells display the
individual components mostly responsible for the high EMP values during these ten periods.
During March 2005, the rate of change in interest rates were the most influential value on the
EMP index. However, during June 2014, both the rate-in-change in exchange and interest rate
were responsible for driving the EMP index into an extreme positive index. Fortunately, during
July 2014, all components returned to stable values free of extreme pressure. Regarding
values exceeding p=0.05, seven of the remaining eight pressure situations, the rate-in-change
in exchange rate was mostly responsible. Moreover, during November 2011 and October
2015, the rate-in-change in interest rate was also responsible. Similar results are reported in
the study by Guru & Sarma (2013) where individual components are identified as the most
likely contributors of extreme pressure. In their study, the rate-in-change in exchange rate and
interest rate were individually and at different periods, responsible for all incidents of pressure.

Table 4.13: Kenya- Extreme pressure or crisis of the EMP index with individual
components for each month

Month of extreme | EMP | Component of the EMP index

EMP ﬁte-lﬁ-cnange Rate-in-change Rate-in-change
Exchange rate Interest rate -Reserves-to-M1

March 2005 2543 | -1.41 15.26 3.09

May 2005 19.68 | 10.30 0 -1C.. 3

Dec 2007 20.06 | 13.60 -6.99 -8.84

April 2009 16.57 | 6.21 0.55 -11.73

August 2009 17.92 { 10.64 0 -8.32

Nov 2011 10.23 | 2.86 6.63 -7.05

June 2012 29.17 | 17.61 -3.33 -13.91

June 2014 20.50 | 31.43 14.04 -22.91

Dec 2014 17.28 | 9.50 -0.83 -9.07

Oct 2015 21.23 | 8.79 15.19 -4.79

4.2.3 EXTREME VALUE Tk DRY: HILL ESTIMATE

Quanti i con uted ac ding to the Hill ite are depicted in Table 4.12. Figure 4.22
below confirms the earlier decision to use a threshold value of 6.50 (that is K=40). A parallel
line to the X-axis can be drawn up to k=40. The largest 40 values were sorted from largest to

smallest (rank ordered) and formula 4.3 was applied to determine the Hill estimate (Xi [Hill]).



The Hill estimate calculated is 0.68015

The 100pth quantile using the Hill estimator was also calculated according to formula 4.4.

Hill estimates of the EVI
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Figure 4.22: KENYA- Hill estimate to obtain cut-off between tail and central

observations

When revisiting Table 4.12, it is certain that the GPD POT method provides a better estimate
of the empirical quantiles compared to the Hill estimate. This is shown across all quantiles
(0.80 to 0.999). ..iere are only 5 quantiles where the Hill estimate provides a better index
compared to the GPD POT method.
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CHAPTER FIVE: SUMMARY, CONCLUSIONS, LIMITATIONS
AND RECOMMENDA 1:ONS

5.1 INTRODUCTION

Extreme value theory is a useful method to model data in instances where the distribution
shows heavy-tails. Often, financial data displays serial-correlation with heavy-tails. The data
cannot be modelled as a normal distribution where the distribution is symmetric and bell-
shaped. In a normal distribution; 2- or 3-sigma is used to calculate the probability of events
falling within 2-sigma (99.45%) or 3-sigma (99.73%) ranges. Simply, in extreme value theory,

the heavy tails of the data is used to model events that are rare but extreme in nature.

Under heavy-tailed financial data, a different distribution is needed for improved modelling
accuracy. The generalised Pareto distribution is very applicable in such cases. ..1e GPD has
three subclasses namely: Frechet, Gumbel or Weibull. In most cases, financial data will
demonstrate the Frechet sub-class where the shape parameter (Xi) is positive. The block
maxima or peak over threshold method is then used to estimate the model parameters using
maximum likelihood estimation. In some cases the non-parametric Hill estimate method is
used to model the data especially if the sample size is small. A threshold value is chosen for
the non-parametric and peak over threshold methods. Using the scale and shape estimates,

quantiles can be computed to determine the probabilities of extreme pressure, risk or crises.

The use of modelling for the GPD requires stationarity, independent and identically distributed
variables. If serial-correlation is depicted, often studied with financial data, appropriate ARMA
and/or ARCH and GARCH processes are needed to ensure no time varying volatilities. Once
all assumptions are met, the data can be modelled using extreme value theory.

Consequently, policy makers, financial analysts and economists can be fore-warned to
intervene with ensuing extreme events. Particularly extreme value theory is very applicable in
the exchange market pressure as a countries exchange rate may become pressurised due to
surplus demand for foreign currency or the selling burden of its own currency.

This chapter provides a summary of the study, conclusions based on the ot i ; and

hy| 38, ta s ai i« idat 1S it I



52 SUMMARY

The first chapter of this thesis provides the reader with an introduction of extreme value
theory and exchange market pressure. Subsequently, the problem is explained and stated
with the objectives to highlight the necessity and importance of the current study. The EMP
index of African countries have never been modelled with E\ . such as Latin American
countries, East Block countries, European countries and India. The research questions that
arose were: If the EMP from two African countries can be modelled with EVT? Which
estimation method (GPD or Hill) would be more feasible? Is it possible to identify periods of

extreme pressure or crises in these countries and to identify the source of the pressure?

In order to address these questions a thorough literature overview (chapter two) was
conducted. The first part of the chapter addresses essential information regarding extreme
value theory whilst the latter part elucidates a literature study of exchange market pressure.
For EVT, the Generalised Pareto Distribution and its subclasses and Block Maxima and Peak
over Threshold methods are discussed. Information surrounding the non-parametric Hill

estimator is also expatiated.

The third chapter provides information pertaining to the methods used, the calculation of the
three components of the EMP index, the calculation of the EMP index (including the handling
of serial-correlation), application of extren value theory, computation of quantiles, calculation
of stress episodes, statistical analyses and ethical considerations.

Finally the fourth chapter details all information regarding data analyses, results and
interpretation. Results for two African countries namely, South Africa and Kenya are
presented. Before the EMP index was calculated, the data for the three components of the
EMP index was scrutinised for stationarity and to ascertain whether the data was independent
and identically distributed. Some of the components for the SA data demonstrated ARMA
and/or ARCH/GARCH processes whereas the Kenyan data demonstrated no time varying
volatilities and as such, no ARMA and/or ARCH/GARCH processes were needed for the
Kenyan data. Subsequently, the EMP index was calculated and again examined for
stationarity and heteroscedasticity. Appropriate processes were applied for the SA data-set.
As such, the assumptions were not violated and consequently the EMP index was mode ™

with the GPD POT method using maximum likelihood estimation for SA and Kenya. Estimated
shape and scale parameters v e analy: | with the statistical software R. Similarly, the EMP
index was modelled using the non-parametric Hill estimate. Quantiles were computed from
0.80 to 0.999 using the normal distribution, empirical distribution, estimated distribution using
GPD POT and estimated distribution using the Hill estimate. This enabled the researchers to

identify periods of extreme pressure and/or crises using the 95 or 99" percentile. As a result,
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periods of extre¢ 3 pressure or crises could be identified. Finally, the relative contributions of
exchange rate, interest rate and/or reserves-to-M1 we  studied.

The conclusion of the study is elicited in section 5.3.

5.3 CONCLUSION

The conclusion of the current study can be derived from the stated objectives and hypotheses
of the study.

Objective one

To determine whether the EMP index of two African countries is stationary and heavy-

tailed or not and if so, to model the data using extreme value theory.

Hypothesis one

The financial EMP data presented for both South Africa and Kenya will be stationary

and demonstrate heavy-tailed Frechet distributions.

Both the SA and Kenyan EMP index’s demonstrated stationarity (significant ADF & PP test
statistics), high Kurtosis (2.69 & 7.04), heavy tails with positive Xi itimates (0.40 & 0.17)
indicating Generalised Pareto Distribution from a Frechet sub-class. As a result, the EMP
index of both countries were modelled using extreme value theory. Similar results were also
reflected in a study performed in India (Guru & Sarma, 2013). Other EMP studies have also
demonstrated non-Gaussian distributions with heavy tails (Heinz & Rusinova, 2015; Pozo &
Amuedo-Dorantes, 2003).

As a result, the hypothesis is accepted.

Objective two

To compare tt paran ric (C ) POT) nd non-paran ric (Hill) estin ic m | in

describir~ periods of extreme pressure in South Africa 1d Ker--a.

Lvermathanin~ Gu.'o

Both estimation methods will provide feasible and accurate estimations of extreme

pressure.



Both estimation methods provided accurate estimations of extreme market pressure when
studied as quantiles and compared to actually observed quantiles. However, quantiles
estima | using the GPD POT method using maximum likelihood estimation (MLE) were more
closely reflected to the empirical quantiles and the diagnostic plots demonstrated a good fit.
Poor results were reported when the Hill estimate was used, for higher percentiles (0.990;
0.995 and 0.999) when compared to empirical quantiles. Consequently, periods of extreme

pressure at p=0.99 were not flagged.

Consequently, the hypothesis is partially accepted.

Objective three

To identify periods of extreme pressure or crises in South Africa and Kenya using

extremal analysis for the period 1999 to 2017

Hypothesis three

Periods of extreme pressure or crisis will be identified for both countries for several

time periods

Using p=0.05, eight periods of stress was reported for the South African data (GPD POT). At
p=0.01, four periods of extreme stress or crisis was depicted (GPD POT). The year and month
flagged were: December 2001; March 2004; June 2006; June 2007; October 2008; February
2014, December 2015; February 2016. Although a near currency crisis was elicited in January
2014 and February 2014, no periods of currency crisis were identified. ..1e four periods of
extreme pressure with p=0.01 were: December 2001; June 2008; October 2008; February
2014. Using the Hill timate, the same periods of time would be selected at| ).05, but at
p=0.01 only one period of extreme pressure is flagged.

At p=0.05, ten periods of stress are identified for the Kenyan data (GPD POT). At p=0.01, two
periods of extreme stress are identified between 2000 and 2017 (GPD POT). The months
affected are: March and May 2005, December 2007, April 2009, August 2009, Novemt

2011, June 2012, June and December 2014 and October 2015. No | iods of currency crisis
was defined. . e two periods of extreme pressure (p=0.01) are: March 2005 and June 2014.
Identical episodes are flagged when the Hill estimate is used at the 95" percentile. However,

at the 99" percentile no time-periods exhibit pressure situations.



Asian studies also reflected the use of EMP to identify periods of pressure or crises (Guru &
irma, )13; Pc ) & Amuedo-Dc 1 i, 2003).

As such, the third hypothesis is accepted.

obiect:un Ernsim

To study the three componen of EMP est 1ition at periods of extreme pressure or

crisis.

Hypothesis four

All three components of the EMP index will demonstrate causes for periods of extreme

pressure or crises at certain points of time.

For the South African data four periods were reported to be adversely affected by the rate-of-
change in exchange rate (December 2001, June 2006, October 2008 and December 2015).
In three other periods (June 2007, February 2014 and February 2016), the rate-of-change in
interest rates were the most responsible for driving the EMP index into an extreme positive
index. In one instance only (March 2004), the rate-in-change in reserves-to-M1 was the most

likely factor for extreme pressure.

During March 2005, November 2011 & October 2015 the rate-of-change in interest rates were
the most influential value on the EMP index for the Kenyan data. However, during June 2014
and October 2015, both the rate-in-change in exchange and interest rate were responsible for
driving the EMP index into an extreme positive index. The rate-in-change in exchange rate
was mostly responsible during May 2005, December 2007, April 2009, August 2009, June
2012 and December 2014,

As a result, the fourth hypothesis is accepted as contributions from each component were
identified.

The main finding that emanated from this study is that EVT, specifically the generalised Pareto
Distribution’s method of Peak over Threshold using maximum likelihood estimation is both
feasible and accurate to estimate and model the exchange market pressure of two African
countries. Comparable results were also mirrored in a study performed in India (Guru &
Sarma, 2013).



Moreover, the non-parametric method known as the Hill estimate is also a feasible and useful
alternative, although less accurate at higher percentiles, for both studied data- s. F ab
threshold values were selected for both countries in orc  to obtain :cura imates of tt

1ape and ale parameters. T| ;e estimates were applied in probability calculations to
estimate the right tail quantiles of the EMP index series. The 95" and 99 percent v
used to identify periods of extreme pressure and crises successfully. The three variables of
the EMP index were studied at the time of extreme pressure or crises to identify the variable(s)
most likely to have triggered flagged events. All calculations and computations were effectively
applied not only in the statistical package R but also using mathematical and statistical
formulas performed in Microsoft Excel. The results of the current study may help researchers,
financial analysts and economists to better understand the causal factors, development or
progression of EMP and contagion effect of currency pressure or crises.

54  LIMITATIONS, RECOMMENDATIONS AND FUTURE STUDIES

This study only applied EVT on the EMP of two African countries. Although, data was obtained
for a further four African countries, EMP and EVT was not studied. Further research will be
applied in subsequent countries where the gross domestic profit may be less than that of South
Africa or Kenya. Also, this study should be repeated in countries where financial variables
demonstrate more volatility and uncertainty for investment opportunities.

Also, in both studied papers (SA and Kenya), distributions were GPD of the Frechet sub-class.
Perhaps other African countries will demonstrate the Gumbel (no tail) or Weibul (thin tail) sub-
class distributions. It is not known, whether the EMP index can be modelled successfully and
accurately with these sub-classes. It is recommended that future studies model the EMP index

in such cases.

Although we used the more recent formula for calculating the EMP index, other formula’s do
exist (still using the identical three components of the T°VP index), and these might
demonstrate different results to the one’s we have found. In some cases, the rate of change
value is not used for one or two of the components and in others different weights are used.
We used sigma ratio weights as recent studies did, where our sigma were reported to |
independent and identically distributed. It is recommended that future studies compare the
different EMP formulas and the effect this has on the probability of risk or crises.

As the case with most studies modelling the probability of financial events, the approaches
may not be applicable to verify the actual occurrence of crises events. There is no formal

definition of extreme pressure or currency crises derived from theory. Also, banking and



economic organisations do not systematically identify crisis countr . In short, there is no way
to grade the precision of EMP approaches.

Clearly, substantial additional future studies are needed to develop early warning systems.
This she be done to determine the trend of the EMP time series and to model it in such a
manner that the probability of future crises events could be detected and predicted. In this
way, researchers can be forewarned of future crises events. Or, mathematical and statistical
formulas can be applied to ascertain if changes of certain magnitude for instance on the rate

of change in interest rate would have an effect on the exchange market pressure.

Future studies should also attempt to build on research of this nature to disseminate the
fundamental causal factors, development or evolution and possible contamination effect of
currency pressure or crises. If a country demonstrates strong depreciative pressure, a
neighbouring country, or a country with whom it has strong trade relations, contagion effect is

highly likely to occur.

The work presented herein provides economists and financial analysts some of the necessary
tools needed to predict foreign exchange crises.
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