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Abstract: Here we proposed three classes of volatility models using Standardized Exponentiated Gumbel Error
Innovation Distribution (SEGEID). Important statistical and mathematical properties of this models have been
discussed and derived. Hence, the parameters of the volatility models are discussed using the general log likelihood
function of the SEGEID. Finally, the volatility models were obtained through partial derivative by adopting a method
of numerical method BFGS.
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1. INTRODUCTION

In the couple of years, numerous error innovation distributions have been proposed by different
scholars to model different type of real-life data depending on the situation or nature of the data.
The nature could be because of recession, political crisis, war, Covid-19 Pandemic to mention but
a few which could result to outliers in the data set. Some of these error innovations early proposed
are normal error innovation proposed by Engle [1] to model the United Kingdom inflation rate.

Similarly, Bollerslev [2] introduced student-t error innovation distribution to address the limitation
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found in normal error innovation distribution for instance it is leptokurtic nature. Nelson [3] then
introduced generalized Error Distribution which seems to be more fulfilled in term of satisfying
the stationarity condition. It was discovered that all this above-mentioned error innovation
distribution was still having serious limitation, which is the fact that they were all still having
outliers and because of this, the skewed part of the distribution was introduced as skewed normal
error innovation distribution by O’Hagan and Leonard [4], skewed student-t error innovation
distribution by Hansen [5] and skewed Generalized Error Distribution by Theodossiou [6]. Among
these, skewed student-t error innovation distribution outperformed others because it captures some
of the outliers in the data set.

Due to the nature surrounding data in financial investment on daily bases, standardized
exponentiated gumbel error innovation distribution proposed by Olayemi and Olubiyi [7] will be
used to model some selected asymmetric volatility models in this paper. The selected volatility
models are Exponential Generalized Autoregressive Conditional Heteroskedasticity EGARCH,
Threshold Generalized Autoregressive Conditional Heteroskedasticity TGARCH and Glosten,
Jagannathan and Runkle — Generalized Autoregressive Conditional Heteroscedasticity model
GJR-GARCH.

2. MATERIALS AND METHODS

2.1  Exponentiated G distribution

Gupta et. al., [8] computed the PDF of the Exponentiated G distribution where a class of
Exponentiated distribution was introduced. They specified the CDF and PDF as follow;

F(x) = G(x)% €Y)
where u > 0 is a shape parameter and G (x) is the CDF of any baseline distribution. To obtain the

PDF of the above CDF is by taking the differential equation with respect to x to give;
f) =uG(x)* g (x) (2)

dG(x)

o (3)
2.1.1 Exponentiated Gumbel Distribution (EGD):

where u > 0 is a shape parameter and g(x) =

Nadarajah [9] applied this Exponentiated G distribution to transformed Gumbel Distribution into
Exponentiated Gumbel Distribution (EGD). The CDF of Exponentiated Gumbel Distribution is

given as:
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x_u)}]a,a>0,—00<x<00,—00<u<oo 4)

F(x,a,u,0) =1— [1 — exp {—exp (—

and the density function (pdf) as:
a—-1 —
exp (— ad

flx,a,u,0) = % [1 —exp {—exp (— ad 5 ,u)}] ,u) exp {—exp (— %)} (5)
where a is the shape parameter and o is the scale parameter.

2.1.2 Standardized Exponentiated Gumbel Error Innovation Distribution (SEGEID) And
Its Log Likelihood Function

The standardized exponentiated Gumbel Error Innovation Distribution was proposed by Olayemi

and Olubiyi [7] as:

T 3 RO B o

And the log likelihood as:

1©® = | [aeiwo) = Lesao) =] |90 ™
t=1 t=1

LL(&;4)=n Iog(a)—glog(af)+

(a —1)2 log (1—exp {—exp [i_}j}}r ®)
Soion o 5 |+ S e o 2 ) |-Grote)

where 8 = (a, 0,), « is the shape parameter, 2 are the itemized volatility models with vector
parameters

¢ = (w, 04,60, ..., B, Bz, .., v, 8) respectively.

where 8 = (a, 0;), a is the shape parameter, o are the itemized volatility models with vector
parameters

0 =(w,04,0,,...,B1, B, ..., v, 8) respectively

3. RESULTS AND DISCUSSION
31 GJR-GARCH (1,1)
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GJR-GARCH (1,1) model was proposed by Glosten et al., [10] as 62 = w + 0,82, + yei , +

B1of1.
Therefore, let o7 be GIJR-GARCH (1,1) model given as o2 = w + 6,82, +yei , +
B10f 4 €))

Then, Substitute equation (9) into the equation (8) general form of the log-likelihood function of

SEGEID and differentiate it partially with respect to the parameter below «, w, 8,,y and B,
n
L(&; 0) = nlog(a) — EIOg(w + 6160 +vely + P10, )

n
Et
+(a—1) ) log ll — exp {—exp (— )}l
P W+ 016f_; +yel + prol,

yorlor (- ormr )
ogiexp|—
o W+ 016l 1 +yel, + prof,

n

&t
+Z —exp |-
[e’“’{ e"”( ©+ 022, +yel g + Prol )}l

t=1

1
- Enlog((u +018f1 +vefoy + B10f1) (10)

Differentiating the above equation (10) partially with respect to a, w, 8,, yand; then equating to
zero
Let

&t €t
u=-exp|— W=
< w+ 016l 4 +yel, + ﬁ10t2—1> w+ 60,88 +yety + oty

da  «a °9 A w + 9183_1 + Ygtz_1 + 31%2—1 -

_on 1
- 2\w+ 915t2—1 + ystz—l + ﬁlUt2—1

n
+(@—-1) Z . -t exp | — o
£ [\1—exp(-uw)/ \(w + 01621 +vet, + Brof,)? P\Tw+ 01621 +yet, + Brol,

=0 (12)
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_n el
- 2\w+ 91€t2—1 + V5t2—1 + ﬁlo'tz—l

n
+(a—1) Z exp(—u) gtgtz—l exp | — &t
i 1—exp(—u) ) \(w + 0,€2, + ye?, + B102,)? P w+ 017, +yel, + o,

(- exp(—u) et 1
* 21 [( exp(—u) )((w + 016l +yel, + B10t2—1)2>]

t

n 2
+ Z [(— exp(—u)) ( Eefi ) exp <— i >]
(w+ 0,82, +yer, + B0’ ,)? w+ 0.7, +yelt, + Biof,

t=1

neiy ! =0 13
2 ( )_ (13)

w + 915?—1 + ygtz—l + 310}2—1

al
ay

n &1
- 2\w+ 9151:2—1 + ystz—l + .81‘71:2—1

n
+(a—1) Z exp(—u) gtgtz—l exn | — &t
o 1—exp(-uw) ) \(w + 616 | +yel; + B1of,)? P w+ 0.6l +yel + ot

_ i ! =0 (14)
2 \w+0iel +yel, +piof,

_n oty
- 2\w+ 9151,?—1 + V5t2—1 + ,310}2—1

n
+(a—1) Z exp(—u) £:0¢—1 exp | — €t
£ |\1 —exp(-w)) \(w + 01601 +vel s + P10l )’ PU o+ 016l 1 +vel s + ol

(/- exp(—u) £:0¢—4
" Z [( exp(—u) )((w + 0.8l +yel, + 510t2—1)2>]

t

n
+ z [(— exp(—u)) ( 0t ) exp <— & >]
(w+ 0,82, +yet, + B0’ ,)? w+ 0%, +yel, + ot

t=1

M ! =0 (15)
2 w + 915t2—1 + V5t2—1 + 310t2—1
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3.2 EGARCH (1,1) model:
Nelson [3] introduced EGARCH (1,1) model as 02 = w + 0, (g1 — V2r) + v, + B1o2 1.
Now, Let 62 be EGARCH (1,1) model given as o = w + 6,(e?, — V2m) + ye?, +

Broiy (16)
Then, Substitute equation (16) into the equation (8) general form of the log-likelihood function
of SEGEID and differentiate it partially with respect to the parameter below w, 6,,y and S,

n
L(g; 0) = nlog(a) — Elog(w +6,(e2, —V2m) + yel i + froly)

n g
+ (a 1) Z log [1 QXP{ exp < o+ 91(&,?—1 _ m) + ygtz_l + ﬁlatz_l)}]

&t
+ Z log {ex
g{ P ( w+ 91(51:2-1 -V 2”) +yel g + .31‘71:2—1)}

t=1

3 [onfeen - : i
exp ) Texp w + 91(&2—1 - m) + ygfz—l + '810}2_1

nlog(w +6,(e2, \/ﬁ) +yel, + pioty) (17)

[N

Differentiating the above equation (17) partially with respect to a, w, 8;, y andf3; then equating to

Zero

a n - £

Fyeaion + ; log ll — exp {—exp <— PN RSN, - N ﬁlat2-1>}l =0 (18)
al n

o 2(w+0y(eiq —V21) + v + 31%2—1)

exp(—u) & >
+(0(—1)Z 1_exp( W ‘“+91(€t 1 = V) +yees + Biof

exp

€t
a+6;(ge—1 —V21) +yee_, + ﬁ10t2—1>
=0 (19)
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oL n(e_1 —V2m)
00, 2(“’ + 91(3t—1 - ‘/E) tYye—t+ ,3101:2—1)
exp(—u) ( (et_l — \/E)et )
+ (a—1) i tewlty (@ +61(eco1 —V21) +yer s + ﬁ101:2—1)2

a+ 91(€t—1 - \/271) + Y& + P07

1. ( n(ge_q —V2) )
_ 1 —exp(—u) 2(w+ 6, (eiy —V21) + ye, g + 510'1:2—1)2

ec(er_q —V2m) )]
(0 + 01 (er — V270) + yEror + Bro2 )"/ |

+
NgE

~+
1l
[y

_ exp(—u) (

+
NgE

Ll
1l
Y

€t
exp | —
p< (w+6,(er—1 —V21m) + ye,_q + ﬁ10t2—1)>
_ n(e,_y —V2m) _
Z(a) + 91(&—1 - \/E) t V&1t 3101:2—1)
ol n(e—1)

0_]/ T Z(a) + 91(£t_1 - \/%) t+ye—1t :31Ut2—1)

(20)

exp(—u) ( (gr_1)&; )
+a—1) Z 1- exp(—u) (w + 91(81:—1 - \/E) +yeq + .810}2_1)2

t=1

€t
exp <_ w + 01 (g1 —V21) +yE_y + 3101:2—1>
exp(—u) < n(ee—1) )
_ 1 —exp(-u) Z(w + 91(€t_1 —V2m) +yeq + ﬁlo'tz—l)z

( ge(&e—1) )
—exp(—u) 2
((,l) + 91(81;_1 -V 27T) + YEt-1 + ﬁlo-tz—l)

+
1=

L
1]
oy

+
NgE

~+
1]
[

&t
exp | —
< (0) + 91(51:—1 - m) tYé—1t 3101:2—1)>

B n(ee—1) —0
Z(w + Bl(et_l - m) +YE-t+ 3101:2—1)

(21)

Let,
Q=w+ 91(55—1 - VZ”) +ve1 + Proly (22)
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And ]
u = exp (— 6) (23)
dl

B,

_ nst ' (a1 Z ll ixifp—(u_)u) <8tgtz—1> exp (— %)l
z[(zziﬁ SR oo ()5

t=1
3.3 TGARCH (1,1) model
Zakoian [11] proposed TGARCH (1,1) model as o7 = w + 0,21 + ySi_16% 1 + B102 1 .
Therefore, Let 62 be TGARCH (1,1) model be given as 07 = w + 0% + ¥Se_1€%, +
Brots (25)
Then, Substitute equation (25) into the equation (8) general form of the log-likelihood function

nof_

2(Q)

(24)

of SEGEID and differentiate it partially with respect to the parameter below «, w, 8,,y and B;.

n
L(e:; 0) = nlog(a) — EIOg(w + 0161 +¥St-18t1 + 107 1)
n
+(a—1) Z log ll —exp {—exp (— s >}l
P W+ 018f_1 +VSeo18lq + Profy

Sl sesrre)
ogiexp| —
- W+ 0168 +ySe 1€t 1+ P10t

NeER

Et
+ exp {—exp (— )}l

o l W+ 01881 +ySi_18fq + 107

1

E nlog(w + 0161 +ySi_16£-1 + P1071) (26)
Let,
R=w+ 915t2—1 + YSt—15t2—1 + ﬁlatz—l (27)

&t

u = exp (— E) (28)
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=i gy lime e ()] <o o
aw zT;e t-l) Z [( ex:x(p(u)u)) (St) exp (- %)] =0 (30)
al _ ngt 1
00, 2R
S exp(—u) et 1€ &
+(a—-1) ; [(1 — exp(—u)> ( FE )exp (— E)l
' ; K_ zzgg:g) (gtzz_elzgtﬂ + ; —exp (—u) <gilzgt) exp (- %)
()
al NS¢ 1&{_4
ay 2R
+(a@—1) ; [(1 ixif;(li)u) ((St—lljg—l)gt) e (_ %)l
2l () e o ()
st ()=
ol nof
0B T 2R

C exp(—u) o1& ¢
t-1 ; [(1 - exp(—u)) ( R2 )exp (_ E)l

i ; K_ Zng:ZD <Ut}_?;€t>l + ; —exp (—u) <at1;;€t> exp (— %)
ot ()

The GRJ-GARCH (1,1), EGARCH (1,1) and TGARCH (1,1) models above are the partial
derivatives of the parameters of these selected asymmetric GARCH models but due to the

complication involved we were unable to get the precise solution of the parameters. hence, we will
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apply a method of numerical solution BFGS, that is, algorithm published by Broyden, Fletcher,

Goldfarb, and Shannon [12] to obtain the estimated values of the parameters.

4. CONCLUSIONS

This paper uses proposed error innovation called Standardized Exponentiated Gumbel Error
Innovation Distribution (SEGEID) to model the theoretical property of some selected asymmetric
volatility models.

A method of log likelihood function of the error innovation was applied by using partial derivative
to obtain the parameters of the volatility selected.

The newly proposed volatility models will be applied to model some financial investment data in
the further research and then compare with the existing Error innovation distribution.
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