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�� LSTAR-GARCH�.¥þ��§�ü �u�. �©d [10]�é LSTAR-GARCH�

.3DÚ tÚOþ�Ä:þ?1U?, 34�q,�O�Ä:þJÑÚOþ tNG. �é

ESTAR-GARCH�., �dï [11] JÑ�Äu QML{� ESTAR-GARCH�.�ü �

u�ÚOþ t(δ̃), íÑÙ4�©Ù, Jp
u��J. �´3¦^ tNGÚ t(δ̃)?1b�u�

�, �,I�O������, O\
O��E,5Úu��Ø½5, ��u��J¿Ø

n�.

YuanÚ Zhang [12] 3©¥JÑ
u�äk^����C5��5� AR-GARCH�

.�u�q,'u�ÚOþ, k�/;�O�ÚOþ��O��, lJpü �u��

�J. �ud, �©ò²�q,'�¦^l�5�.�ü �u�ÿÐ���5�.. �é
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�Äu QML{� KSS.ÚOþ t(δ̃), �y
 l(δ)äk�p�u�õ�.

§2. ESTAR-GARCH�.�ü �u�

2.1 ESTAR-GARCH�.�²5^�

Äk, �â STAR�., �±���� ESTAR-GARCH�.:

∆yt = ϕyt−1 + γyt−1(1− exp{−θy2t−d}) + εt, (1)

εt = ηt
√
ht, ht = ω + αε2t−1 + βht−1,
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Ù¥ η
i.i.d.∼ N(0, 1), α + β < 1, ω > 0, α > 0, β > 0, ��©b½ ESTAR-GARCH�.¥

ÛÜëê ϕ�".

������ìCk�5��Oëê, ÄkI�é�.?1²5�½. Ï~¦^�

�mS� “f²”��´���², =��Ý². 4ÈÿÚÜ¡» [13] �Ñ��5�

A��Ü©Ñ´Ny3p�Ý�A�þ, ��ÝÃ{üØp�Ý��². |^��Ý

²�½��{®²Ø2·^, ÏdI�é “²”Ú “�²”?1#.½.

�â©z [6]¥�ïÄ, ESTAR(1)�.3��^� ϕe�L«�

∆yt = γyt−1(1− exp{−θy2t−d}) + εt. (2)

Kapetanios� [6]y²
� −2 < γ < 0�, �. (2)´î²L§, =u��b� H0 : θ =

0, �Jb� H1 : θ > 0. ,, 3d�.eI��Oëê γ, e�½ëê γ = 0, @o�.

(2)Ò��ÅirL§, Ã{��u��b� H0 : θ = 0. �
;��Oëê γ, Kapetanios

� [6]é=�¼ê G(yt−1; θ) = 1− exp{−θy2t−1}?1���VÐm, l��9Ï�§�

∆yt = δy3t−1 + error, (3)

Ù¥ δ = γθ, = θ = δ/γ, @oéu�. (3), �²5^� −2 < γ < 0, θ = 0 �Óu

δ = 0, ��Jb� −2 < γ < 0, θ > 0�Óu δ > 0. �â©z [12]¥�ïÄ, ��. (3)¥

�Ø��� GARCH�.�, ²5^��,¤á.

nþ, eb½�. (3)¥�Ø��� εt, = εt Ñl GARCH©Ù, @oéu ESTAR-

GARCH�.�±L«�

∆yt = δy3t−1 + εt, εt = ηt
√
ht, ht = ω + αε2t−1 + βht−1. (4)

�. (4)?1ü �u���b�� H0 : δ = 0, �Jb�� H1 : δ > 0.

2.2 ²�q,'ÚOþ�JÑ

éu ESTAR-GARCH�.�ü �u�, DÚ�ÚOþ  I�O������,

��u��JØZ. �d, �©�ï
u�q,'ÚOþ, TÚOþØI�O���, {z

O��Ó�Jp
u�õ�.

3 YuanÚ Zhang [12] �ïÄ¥, �é¹k GARCH��mS�?Ø
²�q,'Ú

Oþ��ï. �é ESTAR-GARCH�., �ëê δ �3, Kk�å^� E[y3t−1(∆yt−1 −
δy3t−1)] = 0, Äuù«�å�§ª, �ò²�q,¼ê½Â�

L(δ) = sup
{ n∏

t=1
pt :

n∑
t=1

pt = 1,
n∑

t=1
pty

3
t−1(∆yt − δy3t−1) = 0

}
.
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�â.�KF¦ê{, Òk

pt =
1

n
[1 + λy3t−1(∆yt − δy3t−1)]−1, (5)

Ù¥ λ÷v
1

n

n∑
t=1

y3t−1(∆yt − δy3t−1)
1 + λy3t−1(∆yt − δy3t−1)

= 0. (6)

²�q,'ÚOþ´

l(δ) = 2
n∑

t=1
ln{1 + λy3t−1(∆yt − δy3t−1)}.

2.3 ²�q,'ÚOþ�4�©Ù9y²

3í�²�q,'ÚOþ�4�©Ù�c, �â©z [12]¥�ïÄ, Äk�Ñ±e�

b�:

b� 1 � {εt}´î��²S�, ��Ý Eε2t = σ2ε < ∞, úª (1)¥� ηt ÷v

E(η2t ) = 1, α+ β < 1, �

Sn =
n∑

t=1
εt, V 2

n =
n∑

t=1
ε2t , s2n = E(S2

n) = E(V 2
n ),

@oéu÷vþ¡b�� {εt}, k s2n = nσ2ε .

Ún 2 eb� 1¤á, K V 2
n /s

2
n → 1, a.s.

y²: � vt = ε2t − ht = ht(η
2
t − 1). �â ESTAR-GARCH�.¥� GARCH�

εt = ηt
√
ht, ht = ω + αε2t−1 + βh2t−1, k

[1− α(L)− β(L)]ε2t−1 = ω + [1− β(L)]vt,

Ù¥ α(L) = αL, β(L) = βL, L´ò´�f.

q�â σ2ε = Eε2t = ω/(1− αL− βL), ¤±

ε2t = σ2ε +
1− βL

1− αL− βL
vt = σ2ε +

∞∑
t=0

Ψivt−i.

�âb� 1¥� α+ β < 1, ±9
∞∑
i=0

ΨiLi = (1− βL)/(1− αL− βL)Ú
∞∑
i=0
|Ψi| <∞

�^�, k

V 2
n = nσ2ε +

n∑
t=1

∞∑
i=0

Ψivt−i = nσ2ε +
∞∑
i=0

Ψi

n∑
t=1

vt−i,

^ÎÒ AnL«þª����, = V 2
n = nσ2ε +An.

�âb��^�, k s2n = nσ2ε , @oÚn 2�y²Ò=z�3 n→∞�, An/n
a.s.−−→ 0.

�â©z [12]¥½n 5.1�y²�{, �±íÑXe�(Ø:
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éu?¿� i > 0, k
1

n

n∑
t=0

vt−i
a.s.−−→ E(vt) = 0.

(Ü
∞∑
i=0
|Ψi| <∞�^�, k An/n

a.s.−−→ E(vt)
∞∑
i=0

Ψi = 0. Ún 2�y. �

Ún 3 eb� 1¤á, Kéu¤k� ε > 0, k

1

s2n

n∑
t=1

E(ε2t I(|εt|>εsn))
n→∞−−−→ 0.

Ún 3��[y²�©z [12].

�âÚn 2ÚÚn 3±9 YuanÚ Zhang [12]�ïÄ, ��e¡(Ø.

Ún 4 eb� 1¤á, K

s[nt]/sn ⇒W (t), 0 < t < 1,

Ù¥ [x]´�u x����ê, W (t)´��IOÙK$Ä.

·�Ø�b�S� {yt}�Ð©�� op(
√
n), TÐ©�ÚOþìC©Ù�K�´�±

�Ñ�. ±e´�©�Ì�(Ø.

½n 5 eb� 1¤á, K ESTAR-GARCH�.�²�q,'ÚOþ�4�©Ù�

l(δ)
d−→
[ ∫ 1

0
W 3(r)dW (r)

]2/[∫ 1

0
W 6(r)dr

]
.

y²: - λ = s3nλ, gt(δ) = s−3n y3t−1(∆yt − δny3t−1), K (6)ª�U��

1

n

n∑
t=1

gt(δ)

1 + λgt(δ)
= 0. (7)

q- λ = θλ0, Ù¥ θ > 0� ‖λ0‖ = 1, �â (5)ªk

pt =
1

n
[1 + λy3t−1(∆yt − δny3t−1)]−1 =

1

n
[1 + λgt(δ)]

−1.

Ï� pt > 0, �k

[1 + λgt(δ)]
−1 = [1 + θλ0gt(δ)]

−1 >
[
1 + max

16t6n
θλ0gt(δ)

]−1
,

r λ = θλ0�\ (6)ª, k

0 =
1

n

∣∣∣ n∑
t=1

gt(δ)

1 + λgt(δ)

∣∣∣ =
1

n

∣∣∣ n∑
t=1

gt(δ)

1 + θλ0gt(δ)

∣∣∣ =
1

n

∣∣∣λ0 n∑
t=1

gt(δ)

1 + λgt(δ)

∣∣∣
>

1

n

n∑
t=1

θλ20g
2
t (δ)

1 + θλ0gt(δ)
− 1

n

∣∣∣ n∑
t=1

λ0gt(δ)
∣∣∣
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>
1

n

n∑
t=1

θλ20g
2
t (δ)

1 + θ max
16t6n

|gt(δ)|
− 1

n

∣∣∣ n∑
t=1

λ0gt(δ)
∣∣∣. (8)

ò (8)ª�n, J� θ�±��

θ
[ 1

n

∣∣∣ n∑
t=1

λ20g
2
t (δ)

∣∣∣− max
16t6n

|gt(δ)|
1

n

∣∣∣ n∑
t=1

λ0gt(δ)
∣∣∣] 6 1

n

∣∣∣ n∑
t=1

λ0gt(δ)
∣∣∣. (9)

�â©z [14]�õ�ª©)½n, �±��

n∑
t=1

y3t−1εt = ϕ3(1)
n∑

t=1
εt

( t−1∑
i=1

εi

)3
+

n∑
t=1

εt(ηt−1 − η0)3

+ 3ϕ2(1)
n∑

t=1
εt

( t−1∑
i=1

εi

)2
(ηt−1 − η0) + 3ϕ(1)

n∑
t=1

εt

( t−1∑
i=1

εi

)
(ηt−1 − η0)2

:= Q1 +Q2 +Q3 +Q4,

Ù¥

ϕ(1) =
∞∑
j=0

ϕj , ηt =
∞∑
j=0

ajεt−j , aj = −
∞∑

i=j+1
ϕi �

∞∑
j=0
|aj | <∞.

Ï� E(εt) = 0, E(ε2t ) = σ2ε < ∞, E(S2
n) = nσ2ε � E|ηt−1 − η0| < ∞, ÏLH{5½n�±

�� Q2!Q3!Q4� op(1). 2�âb� 1, �±�� sn = σε
√
n, òÙ�\ gt(δ)k

1

n

n∑
t=1

gt(δ) =
1√
n

n∑
t=1

y3t−1
s3n

εt√
n

=
1√
n
ϕ3(1)σε

n∑
t=1

S3
t−1
s3n

εt
sn

+ op(1).

d©z [15]¥'u n−2
n∑

t=1
y2t−1εt4�©Ù�ïÄ, k

n∑
t=1

S3
t−1
s3n

εt
sn

d−→
∫ 1

0
W 3(r)dW (r),

¤±
1

n

∣∣∣ n∑
t=1

gt(δ)
∣∣∣ = Op(n−1/2), (10)

Ù¥

1√
n

max
16t6n

|gt(δ)| 6 max
16t6n

∣∣∣y3t−1
s−3n

∣∣∣ max
16t6n

∣∣∣ εt√
n

∣∣∣,
max
16t6n

∣∣∣y3t−1
s−3n

∣∣∣ = Op(1), max
16t6n

∣∣∣ εt√
n

∣∣∣ = max
16t6n

σε

∣∣∣ εt
sn

∣∣∣ 6 op(1).

¤±k

max
16t6n

|gt(δ)| = op(n−1/2), (11)
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Ù¥ ε2t �Ï"� 0, @o ε2t �±L«¤ ε2t − Eε2t , l

1

n

n∑
t=1

g2t (δ) =
1

n

n∑
t=1

y6t−1
s6n

ε2t =
1

n

n∑
t=1

y6t−1
s6n

(ε2t − Eε2t ) + Eε2t
1

n

n∑
t=1

y6t−1
s6n

= σ2ε
1

n

n∑
t=1

y6t−1
s6n

.

aq/, �â©z [14]�õ�ª©)½n, q�±ò n−1
n∑

t=1
g2t (δ)©)�

1

n

n∑
t=1

g2t (δ) = σ2εϕ
6(1)

1

n

n∑
t=1

S6
t−1
s6n

+ op(1).

Ó�/, �â©z [15]¥�ïÄ, k

1

n

n∑
t=1

S6
t−1
s6n

d−→
∫ 1

0
W 6(r)dr,

@o
1

n

n∑
t=1

g2t (δ) = Op(1). (12)

d (9)!(10)!(11)!(12)�±�� ‖λ‖ = Op(n−1/2), 2�â (6)¥'u λ�½Â, �

±��

0 =
n∑

t=1

gt(δ)

1 + λgt(δ)
=

n∑
t=1

gt(δ)−
n∑

t=1
λg2t (δ) +

n∑
t=1

gt(δ)[λgt(δ)]
2

1 + λgt(δ)

=
n∑

t=1
gt(δ)−

n∑
t=1

λg2t (δ) +Op(1).

òþãªf?1�n�±��

λ =
[ 1

n

n∑
t=1

g2t (δ)
]−1[ 1

n

n∑
t=1

gt(δ)
]

+Op(n−1/2),

?�±��²�q,'ÚOþ�

l(δ) =
[ 1

n

n∑
t=1

g2t (δ)
]−1[ 1√

n

n∑
t=1

gt(δ)
]2

+ op(1),

Ù¥

1

n2

n∑
t=1

y3t−1εt =
n∑

t=1

(yt−1√
n

)3 εt√
n

= ϕ3(1)σε
n∑

t=1

(St−1
sn

)3 εt
sn

d−→ ϕ3(1)σε

∫ 1

0
W 3(r)dW (r),

1

n4

n∑
t=1

y6t−1ε
2
t =

1

n

n∑
t=1

(yt−1√
n

)6
(ε2t − Eε2t )

2 +
1

n
Eε2t

n∑
t=1

(yt−1√
n

)6
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= ϕ6(1)σε
1

n

n∑
t=1

(St−1
sn

)6 d−→ ϕ6(1)σ2ε

∫ 1

0
W 6(r)dr.

��²�q,'ÚOþ�4�©Ù�

l(δ) =
[ 1

n

n∑
t=1

g2t (δ)
]−1[ 1√

n

n∑
t=1

gt(δ)
]2

+ op(1)

d−→
[ ∫ 1

0
W 3(r)dW (r)

]2/[∫ 1

0
W 6(r)dr

]
.

½n 5�y. �

§3. Monte Carlo�[

du²�q,'ÚOþ l(δ)�4�©ÙØ´{ü� χ2 ©Ù½ÙK$Ä, ¤±�©æ

^Monte Carlo�[5��²�q,'ÚOþ l(δ)��.�, 2|^�.�?1b�u�.

êâ)¤L§Xe:

∆yt = εt, εt = ηt
√
ht, ht = ω + αε2t−1 + βht−1,

Ù¥ ηt
i.i.d.∼ N(0, 1). ëê (ω, α, β)��� (0.1, 0.1, 0.7)Ú (0.2, 0.1, 0.8)©OP��/�Ú

�/�. duMonte Carlo�[����.��k�5�ì?©Ù��35k', ±9�

�Nþ����(J��&Ýk�r'X, ��½��Nþ� 1 000, �[gê� 50 000,

��ÚOþ l(δ)�ì?�.�XL 1¤«.

L 1 l(δ)ÚOþ�ì?�.�

wÍ5Y² (%) �/� �/�

1 0.001614 0.001055

5 0.012727 0.015266

10 0.446820 0.064241

�
µd l(δ)ÚOþ�u�õ�, �©ò�Jb�¤á��êâ)¤L§�½�:

∆yt = γyt−1(1− exp{−θy2t−1}) + εt,

εt = ηt
√
ht, ht = ω + αε2t−1 + βht−1.

����þ� 100Ú 200, ���u�ÚOþ�¢Su�Y², éØÓ��þ�u�ÚOþ

��?1'�, L§E 2�g. �[(Jw«, 3���þ��¹e, ¢Su�Y²�¶

Âu�Y²þ�C. ù`², ��Nþ�Czé�.�E¤�K���ÑØO, ¤±ì?�

.��±^5éØÓ���?1u�.
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�
&ÄëêØÓ�ÚOþ�u�õ��Cz�¹, �©�Ä3ü«�/ (�/�Ú

�/�)e, γ ©O� −1.5,−1,−0.5Ú θ©O� 0.001, 0.01Ú 0.1�ØÓ�êâ)¤L§,

��½¶Âu�Y²� 5%, �[gê� 10 000. �
'����eu�õ��Cz, �½

��êþ©O� 100Ú 200, ¿3ØÓ�¹e��dïJÑ�Äu QML�u�ÚOþ t(δ̃)

?1'�, (JXL 2¤«.

L 2 ÚOþ l(δ)ÚÚOþ t(δ̃)�u�õ�

(ω, α, β) = (0.1, 0.1, 0.7) (ω, α, β) = (0.2, 0.1, 0.8)

ëê T = 100 T = 200 T = 100 T = 200

l(δ) t(δ̃) l(δ) t(δ̃) l(δ) t(δ̃) l(δ) t(δ̃)

γ = −1.5 0.9954 0.2930 0.9998 0.5075 0.9999 0.6465 0.9999 0.9548

θ = 0.001 γ = −1 0.9923 0.1819 0.9996 0.2714 0.9989 0.5253 0.9997 0.8643

γ = −0.5 0.9859 0.2121 0.9984 0.1358 0.9971 0.4040 0.9996 0.5678

γ = −1.5 0.9978 0.8889 1.0000 0.9851 0.9946 1.0000 1.0000 1.0000

θ = 0.01 γ = −1 1.0000 0.7879 1.0000 0.9900 1.0000 0.9798 1.0000 1.0000

γ = −0.5 1.0000 0.5051 1.0000 0.8844 1.0000 0.8990 1.0000 1.0000

γ = −1.5 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

θ = 0.1 γ = −1 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

γ = −0.5 1.0000 1.0000 1.0000 1.0000 1.0000 0.9899 1.0000 1.0000

lL 2 �±wÑ, �Nþu�ÚOþ l(δ) �u�õ�ÊHpu t(δ̃). � θ = 0.1 �

�ÿ, ùü�ÚOþ�u�õ�Ñ�~Ð, Ñ�u 1½�C 1, ù´Ï�ùü�ÚOþÑ

ýué θ �u�. � θ ����, u�ÚOþ l(δ)Ú t(δ̃)õ�é'Ò�²w. ~X,

� θ = 0.01, γ = −0.5, (ω, α, β) = (0.2, 0.1, 0.8), ���êþ� 100��¹e, u�ÚO

þ l(δ)�u�õ� 1.0000, ÚOþ t(δ̃)�u�õ�K� 0.8990; � θ = 0.01, γ = −0.5,

(ω, α, β) = (0.1, 0.1, 0.7), ���êþ� 100��¹e, u�ÚOþ l(δ)�u�õ� 1.0000,

ÚOþ t(δ̃)�u�õ��k 0.5051. � θ = 0.001�, ÃØ3=«�/e, u�ÚOþ

l(δ)�u�õ�Ñ�C 1, ÚOþ t(δ̃)KØ�½. ~X, �ëê (ω, α, β) = (0.1, 0.1, 0.7)

������ 100 ��¹e, θ = 0.001 � γ = −1.5 �, u�ÚOþ l(δ) �u�õ��

0.9954, ÚOþ t(δ̃)�u�õ�K�k 0.2930. Ïd, ²�q,'ÚOþ�±ÏL;�O

���Jpu�õ�.

§4. ¢y©Û

g 2008c7K�Å±5, ·I�½��£æ�ú. CAc5, 3I[÷*²L�ü

�û5K�e, �½u)
���Cz. 2014ce�cm©, ·I��½� “Ú½”, þ
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y�êl 2014c 7� 1F� 2 050:×��
 2015c 6� 12F� 5 166:, Þ�7K�

Å±5��pY². �=, 2015ce�cm©, �½â,d “Ú½”C� ”=½”, �þ�Ý

]ö�@O, Ä7À� Yî. �� 2016c 1�, �½Ê��ÌeO, þy�ê��3

3 000:þe�Ì��. �©Äud�µ, ïÄ·I�½¥�ä�L5�ê——þy�ê

Â�:ê, ©O|^DÚ ADFÚOþÚ�©JÑ�²�q,'ÚOþ l(δ)?1²5�

O, ?�Ú`²3��5êâe, cÙ´k¸þ��êâa.e, ²�q,'ÚOþ l(δ)ä

k�p�O(5. (�©êâ5u�´ã²)

�©À��êâ� 2014c 7�� 2017c 5��þy�êFÂ�êâ, ¿O�Ùéê

ÂÃÇ, S�ãXã 1¤«, þy�ê�éêÂÃÇ�Ä�£ã5ÚOþXL 3¤«.

ã 1 éêÂÃÇS�ã

L 3 éêÂÃÇ�Ä�£ã5ÚOþ

ÚOþ þ� ¥ ê ���  Ý ¸Ý J-BÚOþ

�� 0.000618 0.001387 0.056036 −1.243650 8.247689 965.3752

ÏL*	ã 1, �±�*/wÑ��êâ´��5�, L 3¥¸ÝÚ J-BÚOþKw«

Ñ��êâk¸þ��©Ù/�. éT��êâ©O|^ ADFÚOþÚ²�q,'ÚO

þ l(δ)?1ü �u�, (JXeL 4¤«.

lL 4�±wÑ, DÚ ADFÚOþé�©êâ²5��O(J��², é��

�©êâ��O(JK�², ÚOþ t(δ̃)é�©êâ�u�(J��². ��u ADF

ÚOþ, ²�q,'ÚOþé�©êâ?1ü �u��(J�². ,��¡, lã 15
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L 4 ü �u�

ADFu� ²�q,'u�

ÚOþ 5%�.� (Ø ÚOþ l(δ) 5%�.� (Ø

�©êâ −2.267198 −2.865555 �² 0.340301 0.001526 ²

���©êâ −10.98326 −2.865561 ²

w, êâw,k��5A�, q�Ä�7Kêâ�^�É��5, Ïd^��5�.�[Ü

�Ü·. DÚ ADFÚOþ´Äu�5�.JÑ�, XJ|^TÚOþé¥k¸þ��ê

â?1u�, N´E¤L©�É��5b��¯K. Ïd, éu��5êâ?1ü �u�

�, ²�q,'ÚOþ l(δ)�u��J�Ð.

§5. ( Ø

�©/� YuanÚ Zhang [12] 3é�mS�?1²5u��;�O������g

�, �éESTAR-GARCH�.�ï
^uü �u��²�q,ÚOþ l(δ), í�
u�

ÚOþ l(δ)�4�©Ù,æ^
Monte Carlo�Å�[�{��
TÚOþ��.�,3d

Ä:�þO�ÑTÚOþ3ëêØÓ�¹e�u�õ�, ¿�I�O������ÚOþ

t(δ̃)?1é'©Û. (JL²3k����e, ÃØëê��XÛ, ²�q,ÚOþ l(δ)�

u�õ�þ²wpuÚOþ t(δ̃). ��, ÏLþy�ê�¢yïÄ, ?�Ú`²3��5ê

âe, ²�q,'ÚOþäk�p�u�õ�. Ïd, 3æ^ÚOþé�mS��²5?

1u��, eUk�;������O�, ¦�O��{B�Ó��U��Jpu�õ�.
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The Unit Root Test of ESTAR-GARCH Model

PANG Yingying CHEN Zhenlong ZHENG Changmei ZHANG Qiaoyan

(School of Statistics and Mathematics, Zhejiang Gongshang University, Hangzhou, 310018, China)

Abstract: The existing statistics in unit root tests of ESTAR-GARCH model often need to calculate

the variance of specimen. In this paper, the empirical likelihood ratio statistics are proposed to deduce

the limiting distribution of them, so that the random errors caused by variance calculation are avoided.

And then, a critical value of the statistics can be received through simulation, the power of the QML

test and the empirical likelihood ratio statistics has been compared and studied. Monte Carlo simulation

shows that compared with the QML test, the power and the criterion of tests is more fruitful and more

scientific, through the empirical likelihood ratio statistics. Avoiding the random errors of the calculation

of variance, the accuracy of tests is clearly increased by using the empirical likelihood ratio statistics.

Finally, the empirical study of SSE can further illustrate the higher test efficiency of this statistic.

Keywords: ESTAR-GARCH model; unit root test; empirical likelihood ratio statistics; test efficiency
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