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‘7? = (1‘/3)1)“?71 Jr/31‘7?71 = (1_/31)”?71 + 5 [(1_/))1)“?72 +ﬂ1‘7z271} = (1_/31)”?71 + (l‘ﬁl)ﬁﬂiz Jr/3‘?(’}272
(14)

By repeated substitution, we obtain
o = (1-B,)(a} | + Bra; +Biaj 5+ ) (15)

which is a well-known exponential smoothing formation in which f; is the discounting
factor (Tsay 2005).

TGARCH(p,q) model
The threshold GARCH model is another model used to handle leverage effects, and a
TGARCH(p,q) model is given by the following:

P q
af =ap+ E (“1 + )/iNt*i)a?—i + Zﬁja?*/ 1)
j=1

i=1
where N;_; is an indicator for negative a, _; that is,

o 1if ai; < 07
Nei = { 0if a,_; 0,

and a; y; and f5; are nonnegative parameters satisfying conditions similar to those of
GARCH models, (Tsay 2005). When p = 1, g = 1, the TGARCH(1,1) model becomes:

0} =w+ (a+yNe1)a; | + Bo; (17)

NGARCH(p,q) model

The nonlinear GARCH model has been presented variously in the literature by the fol-
lowing scholars: Hsieh and Ritchken (2005), Lanne and Saikkonen (2005), Malecka
(2014) and Kononovicius and Ruseckas (2015). The following model can be shown to
represent all representations:

q q )4
h =+ Z @y + Z Yi€e-i + Z/J’;ht—i (18)
=1 =1 =1

where 7, is the conditional variance, and w, § and « satisfy 0 >0, 20 and a > 0.
This can also be written as

q q P
o, =0+ Z a,»sffi + Z Y€ei + Zﬁ/at_,' (19)
=1 =1

i=1

The EGARCH model

The exponential GARCH (EGARCH) model was proposed by Nelson (1991) to overcome
some weaknesses of the GARCH model in handling financial time series, as pointed out
by Enocksson and Skoog (2012). In particular, to allow for asymmetric effects between
positive and negative asset returns, he considered the weighted innovation:

8(e) = Oer + ylle:|-E(le:])] (20)

where 6 and y are real constants. Both ¢, and |¢,| — E(|&|) are zero-mean iid sequences
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with continuous distributions. Therefore, E[g(e,)] = 0. The asymmetry of g(e;) can easily
be seen by rewriting it as

_ [0+ y)e—yE(l&]) if & =0,
gler) = { (6-y)e.~yE(|e]) if & < 0.

An EGARCH(m,s) model, according to Tsay (2005),Dhamija and Bhalla (2010), Jiang
(2012), Ali (2013) and Grek (2014), can be written as

(21)

ar = Ot€,
§ a;_;| + 91'61 —i “
In(o}) =+ Z a; |t|,77t + Zﬁ/‘ In(a7;) (22)
i=1 t-i =1
which specifically results in EGARCH(1,1) being written as
Ay = 0&
In (62) = & + a({lar-1|-E(ar1]))) + 6ars + 8 In(o7.,) (23)

where |a;_1| - E(|a;_1|) are iid and mean zero. When the EGARCH model has a
Gaussian distribution of error term, then E(|&|) = \/2/m, which gives:

In(o}) =+ cx( [|at_1|—\/2/_ﬂD +6a,1 + B In(o7 ;) (24)

The AVGARCH model
An asymmetric GARCH (AGARCH), according to Ali (2013), is simply

A = 01&;5
)2 , &
=0+ ale~b+> Bor; (25)
t=1 j=1
while the absolute value GARCH (AVGARCH) model is specified as

ay = O,

i q
F=w+ Z“i(|5t—i + bl-c(eri + b))* + Zﬂjaf_j (26)
j=1

t=1

The N(a)GARCH or NAGARCH model

The nonlinear (Asymmetric) GARCH (NAGARCH or N(A)GARCH) model plays key
role in option pricing with stochastic volatility because, as we shall see later on,
NAGARCH allows one to derive closed-form expressions for European option prices in
spite of rich volatility dynamics. Because a NAGARCH may be written as

071 = @+ ao}(2-0)" + po; (27)

If z,~IIDN(0, 1), z; is independent of Uf as af is only a function of an infinite

number of past-squared returns, it is possible to easily derive the long run, uncon-
ditional variance under NGARCH and the assumption of stationarity:
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E[o},] = = o+ aE[o}(2-0)"] + BE[0}|E[07.1] =" = & + aE|0}(2-8)"] + BE[o7]

= 0+ aE[o?|E(2 + 8°-202,) + BE[0?] = o + at? (1 + &%) + 5

(28)

where o> = E[0?] and E[0?] = E[0?,,] because of stationarity. Therefore,

7> [l—a(l + 62) +ﬁ] = w352 =

L
1-a(1+6%) +p

(29)

which exists and is positive if, and only if, a(1 + 6%) + 5 < 1. This has two implications

(i) the persistence index of a NAGARCH(1,1) is a(1 + &) + B and not simply a + f5; n

and

(ii) an NAGARCH(1,1) model is stationary if, and only if, a(1 + &) + p<1

Further details about these implications can be found in Nelson (1991), Hall and Yao
(2003), Enders (2004), Christoffersen et al. (2008) and Engle and Rangel (2008).

Table 1 Summary statistics, daily stock price and returns of Total Nigeria Plc

Statistics Actual Daily Stock Price  Log of Daily Stock Price  Log of returns of
Daily Stock price

Min 1 0 —2.3194

Max 991 6.8987 2.3557

Median 456.5 6.1236 0

Mean 460.261 5.8258 0.0004

Estimated sd 280.7877 0.9404 00771

Estimated skewness 0.1352 —-13744 0.8950

Estimated kurtosis 18106 53150 814.9014

Jarque-Bera Normality Test

Number of Observations

X-squared: 248.9706
p Value: < 2.2e-16
4016

X-squared: 2156.7212
p Value: < 2.2e-16
4016

X-squared: 110001718.9071
p Value: < 2.2e-16
4015
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Fig. 2 Plot of log transform of Total Nigeria Plc stock price and log returns of Total

Materials and methods

The data used in this study were collected from www.cashcraft.com under stock trend
and analysis. Daily stock prices for Total Nigeria Plc from January 2, 2001, to May 8,
2017 (a total of 4016 observations), were collected from the website. The returns were
calculated using the following formula:

Rt = lrlPt— lnPt_l (30)

where R, is return at time t; In is the natural logarithm; P, is the current daily stock
price at time t, and P,_; is the previous daily stock price at time ¢ - 1. After the time
lag is accounted for, the total number of observations becomes 4015.

Results and discussions

The analyses of this study were carried in R environment using rugarch package
by Ghalanos (2018) and the PerformanceAnalytics package by Peterson et al.
(2018). The section begins with the descriptive statistics of the daily stock price of
Total Nigeria Plc. Figures 1, 3 present the daily stock price of Total, its log trans-
form and log returns of Total Nigeria Plc. Figure 3 shows some level of stability
except in few cases. Table 1 shows the descriptive statistics of the daily stock price
of Total, its log transform and log returns of Total Nigeria Plc: they all exhibited
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Fig. 3 Plot of log returns of Total Nigeria Plc stock price
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Table 2 GARCH models and their performance on the log returns of daily stock price of Total
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Nigeria Plc
Model Information criteria Normal innovation Student t innovation
SGARCH (1,1) Akaike —4.7049 N.A
Bayes —4.7002
Shibata —4.7049
Hannan-Quinn —4.7032
girGARCH(1,1) Akaike —4.7103 N.A
Bayes —4.7040
Shibata —-4.7103
Hannan-Quinn —4.7081
eGARCH(1,1) Akaike -4.7221 -5.6080
Bayes -4.7158 -5.6002
Shibata -4.7221 -5.6080
Hannan-Quinn -4.7199 -5.6052
iGARCH(1,1) Akaike -4.6949 -6.1100
Bayes -4.6918 -6.1053
Shibata -4.6949 -6.1100
Hannan-Quinn -4.6938 -6.1084
apARCH(1,1) Akaike -4.7111 -9.3760
Bayes -4.7033 -9.3666
Shibata -4.7111 -9.3760
Hannan-Quinn -4.7083 -9.3727
TGARCH(1,1) Akaike -2.0986 -7.6480
Bayes -2.0923 -7.6402
Shibata -2.0986 -7.6480
Hannan-Quinn -2.0964 -7.6452
NGARCH (1,1) Akaike -4.7057 -22.057
Bayes -4.6994 -22.049
Shibata -4.7057 -22.057
Hannan-Quinn —-4.7034 -22.054
NAGARCH (1,1) Akaike -4.7068 -6.0847
Bayes -4.7006 -6.0768
Shibata -4.7068 -6.0847
Hannan-Quinn —-4.7046 -6.0819
AVGARCH(1,1) Akaike -4.7068 -7.3255
Bayes -4.6990 -7.3160
Shibata -4.7068 -7.3255
Hannan-Quinn -4.7040 -7.3221

the characteristics of financial time series, and the variables were not normally dis-
tributed at a 5% level of significance (i.e., evidence of volatility) (Abdulkareem and
Abdulkareem 2016).

Figure 1 shows the plot of the up and down movement in the daily stock price
of Total Nigeria Plc. This gives evidence of volatility in the price of the stock
which is expected because oil prices are highly volatile (Adeniyi 2011). Sudden

Page 13 of 25
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jumps in the price of stock are evident in Fig. 1, one may suspect structural break,
but this is outside the scope of the present study.

Figure 2 shows the plot of the log transform of the daily stock price of Total Nigeria
Plc. The series show ups and downs movement in the stock price, giving some evidence
of volatility in the price of the stock. This is expected because oil prices are highly vola-
tile (Adeniyi 2011). The essence of log transformation is to reduce or stabilize variabil-
ity in the series.

Figure 3 shows the plot of the log returns of the daily stock price of Total Nigeria
Plc. The plot of the returns shows some high and low spikes. In the case one may sus-
pect outliers in the series, the data needed to be cleansed for possible outliers.

The log returns of the daily stock price of Total Nigeria Plc were modeled with nine
different GARCH models (sGARCH, gjrGARCH, eGARCH, iGARCH, aPARCH,
TGARCH, NGARCH, NAGARCH and AVGARCH), and are given in Table 2. We used
GARCH(1,1) because many studies have found its usefulness and performance when
compared to higher order GARCH models (Bollerslev 1986; Gonzalez-Rivera et al.
2004; Panait and Slavescu 2012). Using the Akaike information criterion (AIC), the
eGARCH outperformed the other models for normal innovation, while, for student t
innovation, the NGARCH model outperformed the other models. The performance of
NGARCH was found to be in line with the work of Emenogu and Adenomon (2018).
Table 3 shows the persistence and half-life volatility of the models. The persistence
values of the models reveal the stability of the model, except for iGARCH, which has a
value of 1. This means that the volatility of the Total Nigeria Plc daily stock price and
returns can be modeled and forecasted. For normal innovation, the half-life of the
models sGARCH, gjrGARCH, eGARCH, aPARCH, TGARCH, NGARCH, NAGARCH
and AVGARCH for mean reverting takes about 7 days, 8 days, 4 days, 7 days, 90 days, 6
days, 7 days and 5 days, respectively. This should boost the confidence of the stock-
holders of Total Nigeria Plc and indicate that any drop in the price of the stock can be
regained in the future. For student t innovation, sGARCH and gjrGARCH values for
persistence and half-life volatility were not available, while iGARCH persistence value
was equal to 1. The eGARCH, aPARCH, TGARCH, NGARCH, NAGARCH and
AVGARCH models were stable with a half-life of about 1031 days, 19 days, 2 days, 38
days, 11 days and 3 days, respectively.

Table 3 Persistence and half-life volatility of log returns of daily stock price of Total Nigeria Plc

Normal innovation Student t innovation

Persistence Half-life volatility Persistence Half-life volatility
SGARCH (1,1) 0.8985 6.4765 NA NA
gjrGARCH(1,1) 0.9068 70831 NA NA
eGARCH(1,1) 0.8242 3.5859 0.9993 1030.535
iGARCH(1,1) 1 Infinity 1 Infinity
apARCH(1,1) 0.8960 6.3101 0.9638 187753
TGARCH(1,1) 09923 89.4049 0.6300 1.5000
NGARCH(1,1) 0.8853 56903 0.9816 37.2784
NAGARCH(1,1) 0.9009 6.6394 09364 105541

AVGARCH(1,1) 08546 44127 07293 21961
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Fig. 4 Plot cleansed log returns of Total Nigeria Plc stock

Figure 4 presents the cleansed log returns of Total Nigeria Plc stock price.
This is done to reduce the effects of outliers (Peterson et al. 2018). Figure 4
shows the plot of the cleansed log transform of the returns of the daily stock
price of Total Nigeria Plc. The series was cleansed using the methods Boudt
and Geltner using the PerformanceAnalytics package by Peterson et al. (2018).
These methods provide multiple accesses for cleaning outliers from return data
there creating more robust and stable series. The cleaning for possible outliers
is necessary to avoid the problems outliers can pose to estimation.

The descriptive statistics of the cleansed returns of Total Nigeria Plc in Table 4 also ex-
hibits the characteristics of financial time series. In Table 4, the effect of cleansing series
for possible outliers is evident as the standard deviation of the series reduced from 0.0771
in Tables 1 to 0.0224 in Table 4.

The cleansed log returns of the daily stock price of Total Nigeria Plc were
modeled with nine different GARCH models (sGARCH, gjrGARCH, eGARCH,
iGARCH, aPARCH, TGARCH, NGARCH, NAGARCH and AVGARCH) in Table
5. We used GARCH(1,1) because many studies have found its usefulness and
performance (Bollerslev 1986; Gonzalez-Rivera et al. 2004; Panait and Slavescu
2012). Using AIC, the sGARCH outperformed other models for normal
innovation while for student t innovation; the NGARCH model outperformed
other models. The performance of NGARCH is in line with the work of Eme-
nogu and Adenomon (2018). Table 6 shows the persistence and half-life volatil-
ity of the models. The persistence values of the models reveal the stability of
the model, except for iGARCH, which has a value of 1. This means that the

Table 4 Descriptive statistics of the cleansed returns of daily stock price of Total Nigeria Plc

Statistics Cleansed Returns of Total Nigeria Plc
Min -0.0778

Max 0.0780

Median 0

Mean 0.0003

Estimated sd 0.0224

Estimated skewness -0.0023

Estimated kurtosis
Jarque-Bera Normality Test X-squared: 632.2164 Asymptotic p Value: < 2.2e-16
Number of Observations 4015
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Table 5 GARCH models and their performance on the cleansed log returns of daily stock price of
Total Nigeria Plc

Model Information criteria Normal innovation Student t innovation
SGARCH (1,1) Akaike —-4.9438 NA
Bayes -4.9391
Shibata -4.9438
Hannan-Quinn -4.9421
girGARCH(L,1) Akaike —49434 NA
Bayes —49371
Shibata —-4.9434
Hannan-Quinn -4.9411
eGARCH(1,1) Akaike —-4.9401 —5.8066
Bayes —4.9338 —-5.7988
Shibata —4.9401 —5.8066
Hannan-Quinn —4.9379 —5.8039
iGARCH(1,1) Akaike —-4.9363 —6.3708
Bayes —4.9331 —6.3661
Shibata —4.9363 —6.3708
Hannan-Quinn —4.9352 —6.3691
apARCH(1,1) Akaike —-4.9429 -12.693
Bayes —4.9350 - 12684
Shibata —-4.9429 -12.693
Hannan-Quinn —4.9401 —12.690
TGARCH(11) Akaike —2.8546 —7.5955
Bayes —2.8483 —175876
Shibata —2.8546 —7.5955
Hannan-Quinn —2.8523 —75927
NGARCH (1,1) Akaike -49433 -21.080
Bayes —4.9370 -21.072
Shibata —-4.9433 -21.080
Hannan-Quinn —4.9411 -21.077
NAGARCH (1,1) Akaike —4.9433 —6.3209
Bayes —49371 -6.3131
Shibata —-4.9433 —6.3209
Hannan-Quinn -4.9411 —6.3181
AVGARCH(1,1) Akaike —4.9363 —8.0452
Bayes —-4.9284 —8.0358
Shibata -4.9363 —8.0452
Hannan-Quinn —4.9335 -8.0419

volatility of the cleansed Total Nigeria Plc daily stock price can be modeled
and forecasted. For normal innovation, the half-life of the models sGARCH,
girGARCH, eGARCH, aPARCH, TGARCH, NGARCH, NAGARCH and
AVGARCH for mean reverting takes about 33 days, 33 days, 9 days, 33 days, 172
days, 33 days, 33 days and 18 days, respectively. This should boost the confi-
dence of the stockholders of Total Nigeria Plc that any drop in stock price can

Page 16 of 25
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Table 6 Persistence and half-life volatility of the cleansed log returns of daily stock price of Total

Nigeria Plc

Normal innovation Student t innovation

Persistence Half-life volatility Persistence Half-life volatility
SGARCH (11) 09791 32,8884 NA NA
girGARCH(1,1) 09791 327524 NA NA
eGARCH(1,1) 0.9187 8.1793 1 Infinity
iGARCH(1,1) 1 Infinity 1 Infinity
apARCH(1,1) 09791 32.8002 0.9667 204769
TGARCH(1,1) 0.9960 1715258 0.6387 15460
NGARCH(1,1) 09791 32,8943 09851 46,0923
NAGARCH(1,1) 09790 32,6689 0.8924 6.0899
AVGARCH(1,1) 0.9612 175026 0.5455 11437

be regained in the future. For student t innovation, sGARCH and gjrGARCH
values for persistence and half-life volatility are not available, while eGARCH
and iGARCH persistence values are equal to 1. However, aPARCH, TGARCH,
NGARCH, NAGARCH and AVGARCH models are stable with a half-life of
about 21 days, 2 days, 47 days, 7 days and 2 days, respectively. The performance
of NGARCH model for student t innovation for cleansed daily stock returns is

similar to that of log returns of Total Nigeria Plc.

Value-at-risk (VaR) analysis of Total Nigeria Plc daily stock returns

VaR analysis is important for two reasons: first, it provides a common consistent measure of
risk for stock returns, and second, it takes into account the correlation between risk factors
(Nieppola 2009). In this study, the in-sample VaR was calculated using normal distribution.
The choice of in-sample is for the purpose of large data set, while for out-of-sample, VaR cal-
culation will be done in the next two to 3 years to be able to obtain a data set with a time
series length of approximately 1000.

returns
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Fig. 5 eGARCH(1,1) with normal innovation
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Table 7 VaR violation of the actual Total Nigeria Plc returns

Model VaR alpha No. of Violation Ratio Percentage
eGARCH(1,1) with normal 1% 86 86/4015 21%

5% 216 216/4015 5.4%

10% 340 340/4015 85%
NGARCH(1,1) with std 1% 85 85/4015 21%

5% 206 206/4015 5.1%

10% 320 320/4015 8.0%

In Fig. 5, the VaR values are less than the returns for eGARCH model. In addition,
the percentage of VaR violation (see Table 7) at 1% is 2.1%, providing a rejection of the
model, while at 5% the model is slightly rejected, but at 10% the model is accepted,
having a VaR violation of 8.5%.

In Fig. 6, the VaR values are less than the returns for the NGARCH model. In
addition, the percentage of VaR violation (see Table 7) at 1% is 2.1%, providing for a re-
jection of the model,while at 5% the model is slightly rejected, but at 10% the model is
accepted, having a VaR violation of 8.0%.

The above results from VaR analysis for the log returns of Total Nigeria Plc
means that VaR calculation for the eGARCH model with normal innovation and
the NGARCH model with student t innovation is rejected at the 99% confidence
level and slightly rejected at 95% confidence and accepted at 90% confidence. This
means the risk in Total Nigeria Plc stock is high at the 99% confidence level, sug-
gesting that high risk brings high return.

In Fig. 7, the VaR values are less than the returns for the sSGARCH model. In addition,
the percentage of VaR violation (see Table 8) at 1% is 2.2%, providing for a rejection of
the model, while at 5% the model is slightly rejected and at 10% the model is accepted,
having a VaR violation of 7.9%. This means that the risk in Total Nigeria Plc stock is high
at a 99% confidence level, suggesting that high risk brings high return.

In Fig. 8, the VaR values are less than the returns for the NGARCH model.
In addition, the percentage of VaR violation (see Table 8) revealed strange
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Fig. 6 NGARCH(1,1) with student t distribution
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Fig. 7 Plot of Cleansed stocks returns and VaR calculation from sGARCH(1,1) with normal innovation

results, as the model is rejected at all confidence levels, and the percentages of

violation are very high.

Backtesting VaR model

The evaluation of financial risk models or backtesting - is an important part of
the internal model’s approach to market risk management, as put out by Basle
Committee on Banking Supervision (Christoffersen and Pelletier 2004). Back-
testing is a statistical procedure where actual profits and losses are systematic-
ally compared to corresponding VaR estimates (Nieppola 2009). This study
adopted the backtesting techniques of Christoffersen and Pelletier (2004); the
VARTest in rugarch package in R that implements both the unconditional
(Kupiec) and conditional (Christoffersen) coverage tests for the correct number
of exceedances (see details in Christoffersen 1998; Christoffersen et al. 2001).

First, we conducted duration-based tests of independence. Under the null hypoth-
esis that the risk model is correctly specified, the no-hit duration should have no
memory of 1/p days. This test is suitable for a series with a length of at least
1000.

The duration-based tests of independence conducted (in Tables 9 and 10) re-
veal that the models are correctly specified since, in all cases, the null hypoth-
eses were accepted. This means that the probability of an exception on any day
did not depend on the outcome of the previous day. This will go a long way to
boost the confidence of shareholders of Total Nigeria Plc stock in Nigeria. A
more detailed backtesting technique is the conditional and unconditional cover-
age rate, presented in Tables 11 and 12.

Table 8 VaR violation of cleansed Total Nigeria Plc returns

Model VaR alpha No. of Violation Ratio Percentage
SGARCH(1,1) with normal 1% 88 88/4015 2.2%

5% 203 203/4015 51%

10% 319 319/4015 7.9%
NGARCH(1,1) with std 1% 960 960/4015 23.9%

5% 971 971/4015 24.2%

10% 974 974/4015 24.3%
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Fig. 8 Plot of cleansed stocks returns and VaR calculation from NGARCH(1,1) with student t innovation

The VARTest in rugarch package in R implements both the unconditional (Kupiec)
and conditional (Christoffersen) coverage tests for the correct number of exceedances
for both Total Nigeria Plc stock returns and cleansed total returns (results presented in
Tables 11 and 12). The results reject the models at 1% level of significance, which is
similar to results we obtained in the percentages of violation rates presented in Tables 7
and 8. This shows that unconditional (Kupiec) and conditional (Christoffersen)
coverage tests for the correct number of exceedances are reliable.

Conclusion and recommendations

This study investigates the volatility of the stock price of Total Nigeria Plc using nine vari-
ants of GARCH models, namely sGARCH, gjrGARCH, eGARCH, iGARCH, aPARCH,
TGARCH, NGARCH, NAGARCH and AVGARCH. We also investigated the VaR and
backtesting of the models. This study therefore seeks to contribute to the body of the lit-
erature on the application of VaR and backtesting on oil stock in Nigeria, with a special
interest in Total Nigeria Plc. This investigation of the volatility, VaR, and backtesting of
the daily stock price of Total Nigeria Plc is important as most previous studies covering
the Nigerian stock market have not paid much attention to the application of backtesting
as a primary approach.We obtained and analyzed the daily stock prices for Total Nigeria
Plc from secondary sources. The study used both normal and student t innovations with
AIC to select the best model. For normal innovations, for log returns and cleansed log
returns of Total Nigeria Plc, the eGARCH and sGARCH models performed the best,
while the NGARCH model performed best for student t innovation for both log returns

Table 9 Implements the VaR Duration Test of Christoffersen and Pelletier on Total Nigeria Plc
Returns

Ho: “Duration Between Exceedances have no memory (Weibull b = 1 = Exponential)”

Model VaR alpha B uLL rLL LRp Decision

eGARCH(1,1) with normal 1% 09113 —411.8762 —412.687 0.2029 Accept
5% 1.0604 — 8436371 —844.3382 0.2363 Accept
10% 10353 —1176.545 —1176.938 0.3758 Accept

NGARCH(1,1) With std 1% 0.8837 — 4074371 —408.826 0.0956 Accept
5% 1.0022 —814.8295 —814.8304 0.9660 Accept
10% 0.9996 -11269 -1126.9 0.9926 Accept

Note: b: the estimated Weibull parameter that, when restricted to the value of 1, results in exponential distribution; uLL:
the unrestricted log-likelihood value; rLL: the restricted log-likelihood value; LRp: the likelihood-ratio test statistic
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Table 10 Implements the VaR Duration Test of Christoffersen and Pelletier on Cleansed Total
Nigeria Plc returns

Ho: “Duration Between Exceedances have no memory (Weibull b = 1 = Exponential)”

Model VaR alpha b uLL rLL LRp Decision

SGARCH(1,1) with normal 1% 09277 —419.8567 —420374 0.3091 Accept
5% 1.0387 —805.6184 —805.884 0.4661 Accept
10% 1.0063 —1124.353 —1124.366 0.8754 Accept

NGARCH(1,1) With std 1% 0.9974 —2332.186 —2332.194 0.9030 Accept
5% 0.9941 —2347.843 —2347.882 0.7806 Accept
10% 0.9936 —2352.093 —2352.139 0.7620 Accept

Note: b: the estimated Weibull parameter, which when restricted to the value of 1, results in exponential distribution;
uLL: the unrestricted log-likelihood value; rLL: the restricted log-likelihood value; LRp: the likelihood-ratio test statistic

and cleansed returns of Total Nigeria Plc. The persistence of the models was stable except
in few cases where iGARCH and eGARCH were unstable. Additionally, for student t
innovation, the sGARCH and gjrGARCH models failed to converge. The mean-reverting
number of day for the returns of Total Nigeria Plc differed from model to model. The per-
formance of NGARCH was in line with the work of Emenogu and Adenomon (2018). Evi-
dence from the VaR analysis of the selected models revealed that the risk of VaR losses
was high at a 99% confidence level, slightly high at a 95% confidence level and better at a
90% confidence level. Although duration-based tests of independence conducted revealed
that the models were correctly specified, in all cases, the null hypotheses were accepted.
This indicates that the probability of an exception on any day did not depend on the out-
come of the previous day. Finally, both the unconditional (Kupiec) and conditional (Chris-
toffersen) coverage tests for the correct number of exceedances for both Total Nigeria Plc
stock returns and cleansed Total Nigeria Plc returns revealed arejection of the models at a
1% level of significance, which is similar to results obtained for the percentages of viola-
tion rates. This confirms that unconditional (Kupiec) and conditional (Christoffersen)
coverage tests for the correct number of exceedances are reliable compared to the
duration-based tests of independence (Nieppola 2009). This study recommends
shareholders and investors to continue their business with Total Nigeria Plc
because losses may be recouped in the future, based on a long-term view of the
price of the stock. Furthermore, risk was found to be high at a 99% confidence
level, suggesting that high risk brings high return. This is in line with financial
theory, which states that an asset with high expected risk would, on average, pay
higher return (Xekalaki and Degiannakis 2010).

Future study

We studied Total Nigeria Plc because of its potential in the Nigeria Stock Exchange. In the fu-
ture, we will examine the stock price with GARCH-M models and other more advanced
GARCH models, out-of-sample VaR and Backtesting. We also suggest the need to investigate
Total Nigeria Plc stocks in relation to the interest rate, inflation rate, exchange rate and crude
oil price in the global market during the global financial crisis of 2007 to 2008 using multivari-
ate GARCH (MGARCH) models.
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