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Abstract

This study aimed to measure of impact of exchange rate fluctuations in general
indicator shares prices in Khartoum Stock Exchange (KSE) during 2004- 2016.
The study problem stemmed from the fluctuations of exchange rate that affect
the general prices of shares in KSE. The hypotheses indicated that there is a
significant correlation between the fluctuations of exchange rate and general
prices of shares indicator. It is also assumed that the GARCH models are
effective on impact measure of exchange rate fluctuations in general prices for
shares indicator. The econometric method was applied by using the models of
generalized auto regressive conditional heteroscedastic (GARCH) and ARMA
approach. The findings showed that there is a significant correlation between the
exchange rate fluctuations and general prices of shares indicator in KSE and the
GARCH model has higher capability for exchange rate fluctuations forecasting.
The study recommended that it is important to set out specific strategy for
improving the exchange rate of Sudanese pound against US dollar. Also the
model of GARCH should be emphasized in exchange rate fluctuations
forecasting and pursue double system of exchange rate. In addition, banks
should be encouraged to attract remittance of expatriates and facilitate flow of

foreign direct investment.
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ziladl laaliall e 23e HLod) 2y UL 5l Jbg cAdisal) Glpill 3l gu 43Eed) A
zolatl Agpanil) 3yl LAY aAllewind s Aiall ay ol 32l (N X 0.5) e iy clda)
G okl Guilas axey Jagpdall I lasi¥l 3l Aypanl) A8 sl Geplie sae cllia Ll
Al e Gy o) (e elladll aape Jasgiad angll 3all (RMSE) Guglid) oda G (e disall
il asas aaad Dl L (02) sl iy el il op rall B Jaedd xnsll 5adl
Ul iye Jasia yia ol Gl dags (T7) Lol Lpiejll dudladl cilaaliie aladin) 5 Jadal)

AN Lanall Gy Ceny 2 (RMSE)

RMSE = IZ — 02)
t— 1

t=1,2,........ T

Logpiall I st ziles @85 e ade Jpemnl) & 52 oiall Tagpdall il o T Cua

3. o) (ailad ey

3902 22010 ¢ J5V) dngdall cspalal capysilly (3asmill sasiall Lyal) 48580 ¢ aslill SLaBY) ¢ sipudl dene s !
o> cOMsadl (Sl 23l aladinly sall) Eviews galiy alasiuly Ginkil bl sla@y) dluls ¢ 3l 2l 3yl ?
Saa “;JJY\ 4.-_:}:3\ sttv

2510 653 L'é.wc;‘)a ¢ Al daal ulyd 3
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 dgaill Aguitl) 3 ESY) ol
(Thiel's Inequality Coefficient) L& sgludll axe Jalaa
483 (e @il Sy abyhe (e gz dsaill Aypunil 5o i€l (uld 8 AaSLED) uladd) (e QW6 Jalaa iy
P dal) aladiuly el
X(si—d)*+n
Ydi+n

2 _

1) dus

G Jalas T

Lo Lol dadl) 3 adgiall il :s,

Mg L) del) 8 adll ) 1

§; <l 1) Lol o ll Alall 8080 e Jay b s gsbn Q6 delea o8 dj = §; <l 13
i 13 caaladind Al axe ol sl oz dgaill 5y Comaa ey 13 T=1 8 hall Ayl
Ggpanll 5yl it aalll e B Jalae o WSS Tl 55 el e adsie i dgag e

Lz dsall

A415-4162x 553 ngc;‘)a ¢ sl dasa Ay !
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:AaMAl
Eia cCinlie B DA (e @l IS Lbadll e Al Judladl z 3l Juadll 136 DA e Wl
Clhae z el o3a Cupelaly ccplall (uilad adey Jagydiad)l A laai¥) z3la J5V) Gl Jl
O G el 3 PIA e llagis Gipall Slaady agad) Jlaud Jie salds Guld e sa0e
Y 5Sl e UadY) 35 Cua (K lsie s AleR )y i) Calidad APl i) ane 5l Al sdiall
AAaanall CJL@J\ i}bl.\la sla le:d\ Sl W cj.\.\.\]\ C'_ib:ﬁ d}; a):uual\ &L}b’lﬂ\ éJth L.A cA;.\]\
sly cilsha AN el ol Dyals ecplal) Guilad vy Jagpdall S i) 23l ge
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el Jadll
sl Uay)
Lfpl) iy LAl gisalll cipags 1-5

Zigalll pawi 2-5

Cluagilly gulidlly gag 8l JLas) 3-5
3 (G



Al Jadl)
gl
i L) B kAl Gew 8 aen) Jlad 835 Copall aw Joa sk Ll o) ey
Lliuls Gadai Juadl) 138 3 Jylain «GARCH zala ) Loyl Wkt cAgie)ll Judlaad) )i Gl
A ) Jeadll 138 a3 agle s ) Hled g o Cipall g cldin B Guld e ol (<
L) ezisall i B Gl cduhall clily sl sl Canasi Jo¥) Caaall tipu) dialie

e illy el ABliay sl Laal e G Gl

dafpl) iy JLgdls zdsall) ciuagi 1-5

Zigadll disagi 1-1-5

ol (S Sa Baaly bea B Auhl dae Aplaiiy) Gl delua zigell Cauagy aaly
Chatall G el (o degana o zasaill yags Aflany) Gkl e b aladiuly @Dl

o Bl gl 755 gl eSat S L) Y slaall anh Al s ile g ) Aol
Ll clglaall e dlsyall oda gshaily ¢ e sl Jae (s S Apalai@Y) Clrial

633.4.'\3\ Gl prlia Adad -1

ilaily Jiise iieS Copall jray @l ieS 2l Hlend yise Lad Gopitie o zdsall gy
s gl el des Copall jra gyt dped clily Al e Gald) ade) duhall @iy

GARCH(p,Q) CJ}AJ ("m‘ d)\; (e CJ}A.J\ ):msu (:.:..gu} s34 Lia (156) Calaa Lkl R

allaall Adpunal) LAYy ol ) JSEN yaas —2

_138M‘a§3dgu@)a¢m\¥mowl
71



Mean Equation

INDEX =a+bEX+e— — ——(1—1)

) S
(pensY! el yie) o) jusaall : INDEX
Gaase 45l S ) cang doalai®Y ) Ay daill ey el : @

.?@_u&\ Slad 5
o (Slgdall il ce
Variance Equation:
h? =ay, +aye_, + Bihf_, — —(1—2)
10 dua
(pemd) Sland S350 ol gasa) (Il sl il wpe thi
Ll ald ane dalae 0l
.GARCH Cajhay Cayays il syl 4 J3lsall cpls shi g
ARCH Cajlay Cayrys 48Lal) 55l) 8 8ol 0l aape z€F 4

i€l g shZ g oS o) e 105 @ 2 0 By = S Lydlly .0 @ >t (g5l Tyl

.-

A e
ohaiay) laal)

e iyl jan) Apedll Auball @il e Gaball g sy el Gulall it L Led
A1:2004-12:2016 ¢pe 85l 3 () lasd
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Augmented Dickey—Fuller 1981 zugall g8 Sia jLad) -1

pe¥) el sigas Copall e (gyuial I (S LA il g (1-5) o) Jsoa

Db (sgia | (st | ADF dof | ve daall dedll Gl riiall
i gl %5 i gina 55ina

Js¥) audll xie | 0.0000 | -9.7454 -2.8802 EX CGapall jru

Gl e | 0.0378 | -2.9922 -2.8800 INDEX 2! Jland 55

EViews. VO zaliy aladiuly (3+2) o) Galdl 28 (e Galill dlae) 1 juaql)

e o) S 135 %5 Aysine (g dic Aaall al) (e 5STADF dagd o) o3le) Jpaall (e oy
ST 25 (-2.99) aen) bl yise yaiad ADF degd daly LS (J3V) 3l die e Capall jau

(small die e agu) el Sb5e () g 13 %5 dysies ssiae die Aajall dagl) (g
(PP) Caum — (b JLEA) gilis —2

Anball (gaaial Goom puld DU wil g (275) o) Jsa

OLEY) (g | (g5 PP Aad | die Aajall Aadl <l il
Zygteall %5 iygine (g firne

I Gl xie | 0.0000 | -9.6662|  -2.8802 EX Cipall au

ssiwall 2ie | 0.0302 | —-3.0797 -2.8800 INDEX agulyl Sland ise

EViews. VO zaliy aladiuly (4+5) o) Galdl 28 e Galill dlae) 1 jaadl)

el e ST a5 (79.66062) (soli Capall jau sid (PP) Aad o) odlel Jpal) e e
dad ) Ll LS (V) 5l e jEse Cipal) e o i lae %5 Aysine ssiae die dapall
%35 Asine (55 die dajall dadl 0o ST a5 (-3.0797) (sl agnd) Slad Lise yial (PP)
PP L) ae Gy ADF Lad) o Laadlyy . (ssind) die e pe) Sladd ji5e yitie o ey Ve
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il Jalsal) Ladl

o] el ey Copall jra g yial diiiall JalSall lad) 238 g (3-5) &) Jsaa

Jalasl) Likelihood dailas) 4ad | 2ie dajall Al <l yaaiall
765 Ay5ina (55

None 0.1028 15.4947 EX CGapall jmu

At most 0.0039 3.8414 s Sl i

EViews.VO maliy aladiuly (6) a8y Galell il e bl dlae) @ jaadll
iaall el (e J8) (0.1028) sl abaeV) S & sunall daill o)) (3-5) o) Jsandl e gy
A Al gl ) ey lee ikl JelKl aaly antia sy e ey (15.4947) gola Al

gl e sS lgle Jpaall

ARCH i) a2 s} :2-1-5

Ljung-Box Laiil :5\13\

-l aape Alulid AN el Lad) 3 o (4-5) &) dsas

Diate: 08/30M7 Time: 21:52
Sample: 2004M01 2016M12
Included observations: 156

Autocorrelation Partial Caorrelation AC PAC Q-5tat  Prob

0.932 0932 138.09 0.000
0.849 -0.144 25357 0.000
0.752 -0.147 24477 0.000
0.658 -0.017 41495 0.000
0.564 -0.047 46686 0.000
0.475 -0.028 503.94 0.000
0.390 -0.038 529.06 0.000
0.304 -0.074 54449 0.000
0217 -0.083 55238 0.000
0128 -0.082 55514 0.000

o/ —

I
I
I

Ll

L T i e T I o S N W ) % T

—4

EViews.VO maliy aladiuly (7) o) Galall milis e Galll dlae) @ juadll

AdliaY) adll Wy PACF sl 513 Jali¥ly ACF il Ll ) gl sl aell DA
ARCH fasall e Alududl o) e A2 o35 %5 (e Jil L) Jasd
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ARCH Test (i) asag Jladl Ll

Heteroskedasticity Test lial zils sy (5-5) a8y dsaa

F-statistics 502.8590 Prob.F(2.152) 0.0000
Obs—-*R-squared 135.5183 Prob.Chi-squared 0.0000

Eviews.VO zaliy aladinly (8) ad) Galall milis (e Siald) dlae) 1 jradll
ARCH 35a5 iz 13g3 %35 (e Jil Chi=Square 1S apes F (liaY cpaladl gilaal¥) o) Ly
Zigalll pafi:2-5

Zolayy Jiahis dilaie ye eladly dagyiadl SIA laadV) zla ladee 08 K dlajal) o34
Al Jlexinly @llyy duhal) bl Jiadl z 3l Juadl ) Jseasll byasi 2 30l ARCH.GARCH

Dok Lyt 555 e Uad) o o) pe Asma i 3 ge ST A sy palanl) 40 el
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GARCH(P,q) z3sei nai gl rasy (6-5) ab) Jsan

claall | GARCH(1,1) | GARCH(2,1) | GARCH(1,2) | GARCH(2,2)
a 2734.19 2727.11 2716.55 2716.36
(0.0000) (0.0000) (0.0000) (0.0000)
EX -183.828 ~176.036 ~172.47 29.2317
(0.0000) (0.0000) (0.0000) (0.4900)
a 5888.42 1550 6001.81 3078.78
(0.0216) (0.3427) (0.0000) (0.3004)
a 0.7478 0.8368 0.8774 0.9286
(0.0110) (0.0090) (0.0001) (0.0058)
B, 0.1890 ~0.5943 ~0.1132 -0.3141
(0.2015) (0.0908) (0.0219) (0.3892)
a - 0.7377 - 0.2499
(0.0001) (0.4326)
8, - - 0.1939 0.1377
(0.0265) (0.0712)

Eviews.vO zaliy alatinly (9+10+11+12) o3 Galdl 8 (e Galill dlae) 1 jaadl)

Gl Baxd @llyg 23l G e Juadl) 8 GARCH(1,1) z3sad¥) o sl odlef bl (DA (1

:‘;Aj

@ospall Lydll 3ias ellal (GARCH il diilee GARCH(1,1) zisalV) allae i) -

Zasaill Sl

.GARCH Cijka lae %5 V3 (s5imse 2 dygine AN il 735l Allae nan —
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:aidlal) z dgadll Lsal

Ll gl e zasall yse Gl 8 dasiivin s3ls zisadl Jumdl L) Alajal o3 S S
((AIC, SIC, H-Q) ulaall o il e slaieYl bl Jial 4l

Byahal) z Maill Adjlia iags (7-5) ady Joan

Zoadl ulad AlC sIC H.Q
GARCH(1,1) 13.8655 13.9637 13.9054
GARCH(2,1) 13.8640 13.9818 13.9118
GARCH(1.2) 13.8307 13.9485 13.8785
GARCH(2.2) 13.8314 13.9688 13.8872

Eviews.VO zaliy pladinly (9+10+11+12) o3 Galdll 8 (e Salill dae) 1 juaql)

23l ¢ e Jead) a GARCH(,1) z3sa¥) ¢f 253 ( H-Qe SIC (AIC) ulaal alain) xic

@AY

Ddsall o Capall e s 5 uldl GARCH(1,1) zisa alasiuly Jo¥) z3salll i il
L) 3hs askayall s 8 agu) b alall
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tornhal) a) gl aladiuly GARCH(1,1) Jo¥) zigedll il il pdagy (8-5) ad) Jg2a

ol paaiall 8y28a]) allaall (2) dad pllaall 43 5ina R-Squares

-

Variables Coefficient Statistic Prob.

Mean Equation

C 2734.19 174.3086 0.0000
EX —-183.828 -4.836314 0.0000
-0.0735
Variance Equation
C 5888.4 2.2980 0.0216
RESID(-1)"2 | 0.7478 2.5437 0.0110
GARCH(-1) 0.1890 1.2772 0.2015

EViews.v9 zaliy alasiul (9) &) Galdl il e caald) dlac) : jaadl)
F YIS il Jans el Alalee 3468 Koy oDle | Jpanll e
Mean Equation
INDEX = 2734.19 - 183.828*EX1
Variance Equation

GARCH (1,1) = 5888.42 + 0.7478*e? + 0.1890*h?_,
rubidlly Slan¥ly galaiBy) jlmall Wy a8t mill ands 1-2-5

s aBY) jlnall Uy apiil) -l

e allaall Aigall hLEY) ABlse a0 o SBI ) 230 apdl axdied ) uleall 5l (e ey
galaigy ) gkl el sl
t ) ey (8-5)pd) Jsaall (g
Aphill lee ae GEy 13y dase 3)LEl @3 (2734.19) Gt (0) Lwsiall Al culi -
Salaiy)
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O A Ao iy dallu 3)La) @ld a5 (—183.82) sl (EX) Cipall jrw dales dad —
aend) ) s ) o saals bangy Copall jau i ol ag) el ydisey Cipall e
Al Ayl (ol ) ae oSl 1aas 183.82 i,

oo aldy ay jaall e ) Aadll o8y (5888.4) (gl (@) bl Sl axe Aalae Syl -
.3is3 38 GARCH z35ail gyl Jayill ()5S @l .GARCH () il

iy aalglly siall Gu bysans s (@, = 0.74) o) ¢l (0.74) @slis ARCH dddes daf -
(st ey bl byl (0

058 g asllly jiall o bysane Aad a5 (By = 0.18 )igl (g5l GARCH dalac 408 —
(@i B hE il s

Olelad) gsamay Gy (N Aphainl Gles Ay GARCH(1.1) zised us -
O e lenall ST haind ) el 138 aalll e (i (0.74+0.18) o) Wy (@, + B))
ALl sl by B aend) jlad el Al Al

Sbany) jlaall ldg avitl) <Ll

G B3ga pae e AN s2ay (R-Squared = -0.07) o) a3 (8-5) o) Jsaall &3l o
.z el

Wald test Lol aladiuly 7 3galll 408 4590l sl -1

Wald test lis) =il masy (9-5) ab) Jsan

Test Statistic DF Value
t-statistic 150 3.281646 0.0013
F-statistic (1, 150) 10.76920 0.0013
Chi-square 1 10.76920 0.0010

EViews. VO zaliy aladiuly (13) a8 Galdl gzl o0 Gald) slae) 1 jradll

O A g %5 e Jil ft,Chi-Square loay Adlaa) adll o ool bl Pla e Laadl

(pee) Jland) i i) e ssina 8B Ll bue i) Jlas
rallaall Aial) 4y ginall Sld) -2
t oY) ol (8-5)ad) Jsaall (1
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a5 %5 e J8 a5 (0.0000) sk Z Lo Adlaay) dagdll (Y (gsine Jawgiall dalee il
g Ol o) S

s 1385 %5 (e Ji a5 (0.0000) sl Z sy Allaa) dedl N (gyine Cipall e
Lgsina Capall jru Jalae ()

J 25 (0.0216) ol Z [LiaY Allaial) dadll GY @iy geima cplill Gl axe Aalae s
Y5 (e

o Ji a5 (0.0110) sbass Z 5LaaY agdlaa) dedll oY @lldy dygme ARCH (il dalas
D) 2l il e gsia 50 L Bl ape i) A8l clegled) o ey Lae %5
()

o S a5 (0.2015) sl Z Y Allaa¥) dadl oY Ay e GARCH (ol dales
Al syl 3 Sl ol S Y aenl) Slend o i 138y %5

bl asa LI -3

Aaitll (e 8 dadll ooy —0.07 sls R-Squares o) aai (8-5) a8y Joand) mili DA (e

CJ}A.\!\ é.ﬁ).} RPTN (:Jc ‘_Ac aya \AA) 60 :\-Uw\
bl jlaall Wy o) Tl

Al ) g d Ailas (a0 Abjee ) Caagyy bl O] Agylai saaad jlaall 138
Sl 2mg pe e Sk o) ) e Cany Sl dpuldl) (Gylall Cadidly alian lly derdioal
s LD lal iyl e ST ) aals il aned A elldy Al gase zdsalll b duld
Gl e ad¥l e Al cilysiall DLy gz dsalll Ayl s Aliiall Criall o il 8 Juam
zasall IS 1Y) L ddpee Sy A bl DA e Ll Ledaliiyl e g dlsdial) £ UadY) (uilas

N o) slll JSLie (g slay
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Auto-Correlation A} g ) Adéa jLad) -1

Q-Statistics lial il gas (10-5)a8) Jsaa

Partial
Prob* Q-Stat PAC AC Correlation |Autocorrelation
0.000 77.489 | 0.700 | 0.700] 1 L JEREEEE
0.000 134.48 | 0.212 | 0.599| 2 ¥ | JEEREE

EViews.VO zaliy aladiuly (14) a8) Gald) mil5 e Gald) slae) 1 jaadll

e JB) gal) I ks 1y 03l JalpY) el Al il o Jasdl ok ilial) DA
Zasall b I L) AlShe agay e AN 1y %5

Heteroskedasticity Test: Ll (DU Al<Ea jLad) —2

F-statistic 0.523969 Prob. F(2,152) 0.5932
Obs*R-squared 1.061303 Prob. Chi-Square(2) 0.5882

Eviews.VO zaliy pladinly (15) o) Galdll 28 (e Galill dae) @ juaql)
%5 (s« »SI Chi-Square s F glaay dbadl idlaa¥) adll ol aad odlel Jsaall z8 DA (e

o) DA A e e Y z3saill o) e AV Taag

cosdl alasauly @lliy GARCH(1,1) zises 5o Auhall clly Jiwl zises Juadl o) aad 1Al
Baga ade A e ellyg aliilly SlaaV) el 4ilge aae z3sall 13 o 335 Lo oSl . xghall
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GARCH(1,1) Ui 2 ARMA (1,1) zisal aladialy G zigalll a812-2-5
S z3sall ol g

Mean Equation

INDEX=a + ¢;EX+ [AR(1) =C;,MA(1)=C3] +e —— (1—-1)
:) Caa
AL Bl sk Al s B agaY) laud dse :INDEX
Ll s g
sapall jmu (EX
C S Al e A lasiY) 4sie :AR(T)
LI Al (e ASaiiall cillan gial) 4 :MA (1)
Hpiall il re

Variance Equation

hf — an + Hlef_l + Blhf—l - —(1 — 2)

(pe¥) Jlad 830 Gl G ape) Jad) sl (ol qape t RE

Ll bl ane dalae Sl ar

GARCH Cajlay Capayg Aaludl sl & o) cplsi: hEy

ARCH Cajlay Capeys 46l 553l) 8 8ol 0l wape t €74

aief s shiy 8 o) gamy s 05 @ =0 By = A Lyl 0. 6> ¢ (gy5 pal) il

.-

<A1 g

82



iy GARCH(1.1) Uax s ARMA(1,1) zasail asldll il il gadle (12-5) a8y Jsaa

(GED) alaasiuly
ol paaiall Coefficient (z) das alladll 35120 | R-Squares
Variables Z Statistic
Mean Equation
C 7.95392 107.897 0.0000
EX -0.06860 | -9.86753 0.0000
AR(1) 0.93438 52.6578 0.0000
MA(1) 0.44519 5.26259 0.0000 0.9569
Variance Equation
C 0.00015 1.96267 0.0497
RESID(-1)"2 0.21640 3.57803 0.0003
GARCH(-1) 0.81030 17.4761 0.0000

Eviews.vO zaliy aladinly (16) o) Galall &8 e Galidl dlae) @ jaadl)
g alai®Y) jlaall By S 7 dgall) il as
V) mal (12-5) 8y Jsasll e

225 (7.95392) sslusis (@) AnlaiByl Aphaill 38555 Lumge Culill 5L8) o ) molll juin -
gl (gl bydll 068y @y (GARCH (alidl ae il 1385 iall (0 S| dagl)
.33 38 GARCH

Lol sles ae Gy Adle 5lal @3 (EX) Cipall e delae o) il il Loy -
Dbl L () s (55 8aaly Bangs Copall Ja s WIS (g ¢(=0.06860) (gsbunss alaidy)
.0.06860 )xia; agas!

ol 1aag jaall e ST ol dase 5L <3 (0.00015) (sl Golil) il axe Alalee i —
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Ay alslly jaall G sysane a5 (@; = 0.21) o &l 0.21 gsbs ARCH dades daf -

e o 2 = P
LS B epy bl byl ()

B hi g b byd o el aallly aall (s bysane 25 0.81 g5l GARCH dales dagd

Bl ) o G Lea %35 ANV (g5ias (s5ine GARCH Ualas o gl ciniaf IS . 3o

el L) e ol 8 Capal) e

.

ey Al e el i Aphaind ) ads @l 0l aslgl e il 1 s WS, (aq + By)
5% AN g5 die aalsll (e dud (ay + By) o) G (17) &) Gl 8 Wald Test jlaal mil

u‘).s.aj\ L AL 3 ‘_Ac Jai QA:\.US\ 0da g
sibuany) jlall Uhy N & dgalll gilid apds
iz dsall) (38 Basa JLad) -1

oo %95 o) e 135 (0.95) @sbw (R?) maail)l Jalaw o) (12-5) a8y Joaad) il (e aadly
(Copal) yen) Jiisall paiall 8 puil) A (e oppundi @ (pgnY) land) Sl il 8 il
AN oday (Al Cilpaiall) z3sail) 8 Aiacas yall il L) dela)) oSay sl (e %5 Leiy
gasalll gt o

allaall il 4y ginall jlas) -2

A5 %5 ANy i die (geina augiadl Walae il ol ) (12-5) a8) Jsand) il juis
Al 3 Gapall s o i a5 %5 AV e die (0.0000) ssbty Aysine Capall s dales
(0.0000) g5ty dysina AR(1) 1A oyl ania dales . (agas) Hlansl) i) i) e gsina
2385 %5 e JB a5 (0.0000) 55k A il lans il Antia Aalas SIS, (%5 AN (ggie i
Ll (Y Gy ggime il Ul axe Adbee i o L i) Gl g Je AN
Gsisa (o J3l a5 (0.0000) (g5t dysina ARCH Ciph dalaa %5 ANl (g5ine (sa J8 Adlaa)
Sanl) alil) rid) e Ugina Ll 5 3ol e coldiil A5l Claglaall o) iny Lae %5 ANV
135 %5 AVa s o J8) a5 (0.0000) ssls GARCH Cijla ddas o) Jaadly Gl . (g

) il e Lgina il 5 Slsd) colilal 45Ul claglaall o iay
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JSS 7 agall) dgina jladl-3

Wald Test jlial mil g (13-5) a8 Jsaa

Test Statistic Value DF Probability
t-statistic 152.304 149 0.0000
F-statistic 23196.5 (1, 149) 0.0000
Chi-square 23196.5 1 0.0000

EViews.VO zaliy aladiuly (18) ad) Balall il (0 Cialil) dlae) 1 jradll

O s Le 0.05 o« Jil F,T,Chi-Squre Loy adlaa¥) adll ol aad odlef bl P (e
zhsal) Lygina o AN o2y (pen) Lland) il juid) e sgine il Lol bue dadine clyuial)
S

bl jlaall Wy Y 7 3gall) il ayls
1A Bl ) A jladl -1

Q-Statistics jlaal it sy (14-5) a8y Jsaa

Partial
Prob* Q-Stat PAC AC Correlation |Autocorrelation
0.069 3.3174 0.144| 0.144| 1 Fo o
0.188 3.3411 -0.009| 0.012] 2 Lo Lo
0.214 | 4.4863 | -0.087-0.084 3 . , | . |

EViews.VO zaliy aladiuly (19) a8 Galdll &l o0 Sald) slae) 1 jradll

oo S il 1A bWy S sy ) Al sl of Bl oSl gl DA
LS Ll ) Al (e z3sadl) A e AND g %5
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Heteroskedasticity Test ;,lall Cidid) Ad<ha L) —2

Ol (i) Ak L) il mazasy (15-5) a8y Jsaal)

F-statistic 0.773414 | Prob. F(10,135) 0.6541

Obs*R-squared | 7.911106 | Prob. Chi-Square(10) 0.6375
EViews.VO maliy aladiuly (20) pd) Galall mil e Gald) slae) 2 jaadll

sl Chi Square s F g)lia¥ dalad) laa) il o) s odlel Joaall mili A (e

oo Sl Y gasall o) e A2 eday %S5 Ge LS Ly sl e (0.6375) 5 (0.6541)
Loall) s Al

1ol o zigaill §ya8a jLad)
Jsaalls ( Theil Inequality Coefficient) Jib Jalas aradius sl e #3gaill 800 Hlody

LY il g U

it Jalaa U1 i ey (16-5) oy o

okaay) OLodY) dad
Theil Inequality Coefficient 0.02650

Eviews.vO zaliy aladinly (21) a8 Galall m8l (e Gl dlae) 1 jradll
sl (e dnd 45 (0.0265) (ool LB (g5ledll pre Jalae dad () 23 oDle) Jgaall il A e
il Ao SBI 23 geill Adlall 8y08al) ) el Les
Normality Test 3jgll skl 4yl jLad)

S gl Sl el sl HLER) il ey (17-5) a8 Jsaal

Jarque—Bera i) 4.8 Jarque—Bera J idlaal) dal)
0.3398 0.8438

EViews.VO zaliy aladiuly (22) a8 Galdl @l o Sald) slae) 1 jaadll

86



%5 e ST a5 (0.8438) sls Jarque—Bera jlaaY dlaal) dadl) o) oMol Joaall miln s

Gﬁ.).dal\ t“w)}m c.\la 6_'5-\}\}\ 8] u_uuj

87



t il gl gilidl) Addla g (2g,a0 L) 3-5
Al cilua b A38La 1-3-5

o)l aladl pdisally Cipall i LS o dygina Adle Al ;oY) A il
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S e syuie Ay aldlly SlaaVly golai@l jled)l tal 4 elliy GARCH(1,1) sladl
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ipal) e @iy sl 8 Al 5,08 L GARCH g ilal :431A) Ll
Oe Gla dlld elag Copall e Ll sl 8 Alle 358 L GARCH z3la o) 4l Ca il

zagaill Allall 3y08al) ) uds Lea diall (e A a5 (0.0265) 4ated Caliy Jib Jalas daiss PAA

gl Cigh g L sag gl e B
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AL Gl a shasal)
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oSati Ayl Jalsall Jan Lae el 3lasad) sba@l Lol ) <ol Laliy) 520l Conia —1
cCipaall s g Ly Jlagaad) SLai@Y) Cpiie ) 3 5 (S,

sl bl ) g pdinad) e o8l & (Volatility Clusters) Zualxiyl cllss agy capall jaw =2
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Year INDEX EX
2004M01 | 1016.85 2.5997
2004M02 979.47 2.5969
2004M03 943.14 2.5948
2004M04 970.49 2.5937
2004M05 993.56 2.5945
2004M06 941.04 2.595
2004M07 967.17 2.5929
2004M08 995.95 2.5902
2004M09 | 1096.63 2.5835
2004M10 | 1131.34 2.5586
2004M11 | 1331.29 2.5334
2004M12 | 1657.99 2.5084
2005M01 | 2008.71 2.5062
2005M02 | 2600.83 2.5035
2005M03 | 3192.51 2.4966
2005M04 | 3359.03 2.4928
2005M05 | 3091.03 2.4892
2005M06 | 2921.18 2.4742
2005M07 2805.4 2.4563
2005M08 | 2987.17 2.4258
2005M09 | 3030.31 2.4031
2005M10 | 3247.06 2.3569
2005M11 | 3163.46 2.3231
2005M12 | 3259.17 2.3067
2006M01 | 3141.67 2.3043
2006M02 3124 2.2965
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2006M03 | 3126.65 2.2714
2006M04 | 3126.39 2.2439
2006M05 | 2795.67 2.218

2006M06 | 2949.09 2.1907
2006M07 | 2770.98 2.1537
2006M08 | 2752.01 2.1285
2006M09 | 2760.32 | 2.1025
2006M10 | 2752.06 2.0736
2006M11 | 2717.17 2.047

2006M12 | 2972.76 2.0248
2007M01 | 2714.62 | 2.0054
2007M02 | 2715.01 2.0068
2007M03 | 2717.05 2.0055
2007M04 | 2724.48 2.0052
2007M0O5 | 2644.93 2.0057
2007M06 | 2539.36 2.0056
2007M07 | 2551.17 2.0052
2007M08 | 2474.51 2.0056
2007M09 | 2488.19 2.0268
2007M10 | 2542.46 2.0517
2007M11 | 2789.01 2.0311
2007M12 2962.1 2.0336
2008M01 2776.4 2.0469
2008M02 | 2674.73 2.024

2008M03 | 2859.02 | 2.0266
2008M04 | 2860.97 2.0286
2008M05 | 2744.35 2.0375
2008M06 | 2824.98 2.0577
2008M07 | 2826.81 2.0674
2008M08 | 2564.79 | 2.08081
2008M09 2723 2.1316
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2008M10 2650 2.1899
2008M11 | 2720.65 2.2095
2008M12 | 2745.85 2.1951
2009M01 | 2710.02 | 2.2217
2009M02 | 2696.78 2.2477
2009M03 | 2652.55 2.2924
2009M04 | 2659.52 | 2.3256
2009M05 | 2616.37 2.3559
2009M06 | 2531.87 2.3727
2009M07 | 2589.33 2.3915
2009M08 | 2539.52 | 2.4521
2009M09 | 2555.52 | 2.3576
2009M10 | 2396.46 2.1986
2009M11 | 2363.47 2.2609
2009M12 | 2363.35 2.2413
2010MO1 | 2362.36 2.2567
2010M02 | 2361.86 2.2305
2010M03 | 2361.85 2.228
2010M04 | 2362.78 2.2255
2010M05 | 2361.81 2.2271
2010M0O6 | 2363.12 | 2.3113
2010MO7 | 2365.29 2.3652
2010M0O8 | 2365.29 2.3668
2010M09 | 2365.29 2.3668
2010M10 | 2365.25 2.3666
2010M11 | 2365.67 2.3767
2010M12 | 2367.92 | 2.4824
201IMO1 | 2367.55 2.5004
2011IM02 | 2367.37 2.6015
2011M03 2367.9 2.7747
2011M04 | 2368.22 | 2.6814
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2011M05 2464.1 2.6702
2011M06 | 2368.41 2.6702
2011MO7 | 2368.94 2.6702
2011MO8 | 2435.34 2.6702
2011M09 | 2369.41 2.6702
2011M10 | 2368.95 2.6702
2011M11 | 2368.95 2.6702
2011M12 | 2368.46 2.6702
2012M01 | 2322.17 2.6702
2012M02 | 2324.52 | 2.6702
2012M03 | 2487.97 2.6702
2012M04 2495.5 2.6702
2012M05 2464 2.6702
2012M06 2440.5 3.0202
2012M07 | 2391.87 | 4.4037
2012M08 | 2435.34 4.398
2012M09 | 2472.09 4.398
2012M10 | 2451.62 4.398
2012M11 2577.8 4.398
2012M12 | 2748.26 4.398
2013M01 | 2625.79 4.398
2013M02 2690.7 4.398
2013M03 | 2725.56 4.398
2013M04 | 2907.19 4.398
2013M05 | 2710.56 4.398
2013M06 | 2704.94 4.398
2013M07 2605.1 4.398
2013M08 | 2617.69 4.398
2013M09 | 2641.19 | 4.6875
2013M10 | 2640.21 5.6717
2013M11 | 3028.93 5.6814
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2013M12 | 3178.07 5.6816
2014M01 | 3488.58 5.6816
2014M02 3284.4 5.6816
2014M03 | 3241.91 5.6816
2014M04 | 3133.95 5.6816
2014M05 | 3064.23 5.6816
2014M06 | 2989.76 5.6816
2014M07 | 2859.39 5.6816
2014M08 | 2935.95 5.6816
2014M09 | 3011.68 5.6857
2014M10 | 3020.13 5.7271
2014M11 | 3017.64 5.8163
2014M12 | 3161.62 | 5.8566
2015M01 | 2808.13 5.9573
2015M02 2844.1 5.9573
2015M03 | 2829.94 5.9573
2015M04 | 2913.47 5.9573
2015M05 | 2912.24 5.9573
2015M06 | 2709.78 5.9573
2015M07 | 2737.37 5.9992
2015M08 | 2781.73 6.0771
2015M09 | 2740.03 6.0771
2015M10 | 2707.29 6.0771
2015M11 | 2697.742 | 6.0771
2015M12 | 2858.53 6.0771
2016M01 | 2731.93 6.1075
2016M02 | 2725.49 6.1075
2016M03 | 2735.96 6.1075
2016M04 | 2680.46 6.1075
2016M0O5 | 2687.37 6.1075
2016M06 2706.2 6.1075
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2016M07 | 2837.97 6.1075
2016M08 | 2910.97 6.1075
2016M09 | 2923.01 6.22
2016M10 | 2963.01 6.5
2016M11 | 2986.86 6.5
2016M12 | 3118.93 6.6
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Mull Hypothesis: D(EX) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=13)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -0.745482 0.0000
Test critical values: 1% level -3.473096

5% level -2.880211

10% level -2 576805

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fulle st Equation
Dependent Variable: D(E

Method: Least Squares

Date: 0813017 Time: 2'1.50

Sample (adjusted): 2004M03 2016M12
Included observations: 154 after adjustments

Wariable Coefficient Std. Error t-Statistic Prob.
Di{EXi(-1)) -0.769827 0078993  -9.745482 0.0000
C 0.020165 0.011660 1.729408 0.0858
R-squared 0.384552 WMean dependentvar 0.000668
Adjusted R-squared 0.330503 S5.D. dependentvar 0181111
S.E. of regression 0.142549 Akaike info criterion -1.045359
Sum squared resid 3.088677 Schwarz criterion -1.005918
Log likelihood 82 49262 Hannan-CQuinn criter. -1.029338
F-statistic 94 97442 Durbin-Watson stat 1.964466
Prob(F-statistic) 0.000000
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Mull Hypothesis: INDEX has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=13)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.992375 0.0378
Test critical values: 1% level 3472813

5% level -2 880088

10% level -2 576739

*MackKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent VYariable: D{NDEX)

Method: Least Squares

Date: 08/30M17 Time: 21:43

Sample (adjusted). 2004M02 2016M12
Included observations: 155 after adjustments

Yariable Coefficient =td. Error t-Statistic Prob.
IMDEX({-1) -0.061405 0.020521 -2.882275 0.0032
C 1722115 54 040649 3186701 0.0017
R-squared 0.0585286 Mean dependentvar 13.56181
Adjusted R-squared 0.049111 5.0. dependent var 133.4788
S.E. of regression 130.1599  Akaike info criterion 1258822
Sum squared resid 2802063, Schwarz criterion 12627449
Log likelihood -973.5873 Hannan-Cinn criter. 12.60417
F-statistic 8.853711  Durbin-Watson stat 1.576653
Prob(F-statistic) 0.0032249
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Mull Hypothesis: DIEX) has a unit root
Exogenous: Constant
Bandwidth: 4 (Mewey-West automatic) using Bartlett kernel

Adj. t-Stat Frob.*

Phillips-Perron test statistic -0.666227 0.0000
Test critical values: 1% level -3.473096

5% level -2.880211

10% level -2 576805

*MacKinnon (1996) one-sided p-values.

Fesidual variance (no correction) 0.020056
HAC corrected variance (Barlett kernel) 0.0186349

Phillips-Perron Test Equation

Dependent Variable: D(EX,2)

Method: Least Squares

Date: 03/23017 Time: 21:46

Sample (adjusted). 2004M03 2016M12
Included observations: 154 after adjustments

Wariable Coefficient Std. Error t-Statistic Prob.
D{EX(-1)) -0.768827 0078993  -9.745482 0.0000

C 0.020165 0.011660 1.729408 0.0858
R-squared 0.384552 Mean dependentvar 0.000668
Adjusted R-squared 0.380503 S.D. dependentvar 0181111
S.E. of regression 0142549  Akaike info criterion -1.045358
Sum squared resid 3.088677 Schwarz criterion -1.005918
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Mull Hypothesis: INDEX has a unit root
Exogenous: Constant
Bandwidth: 3 (Mewey-West automatic) using Bartlett kernel

Adj. -5tat Frob.*

Phillips-Perran test statistic -3.079742 0.0302
Test critical values: 1% level -3.472813

5% level -2.8800885

10% level -2 876738

*Mackinnon (1996) one-sided p-values.

Residual variance (no correction) 16722.99
HAC corrected variance (Bartlett kernel) 24532 38

Phillips-Ferron Test Equation

Dependent VYariable: D{NDEX)

Method: Least Squares

Date: 08/30M17 Time: 21:.48

Sample (adjusted). 2004M02 2016M12
Included observations: 155 after adjustments

Yariable Coefficient =td. Error t-Statistic Prob.
INDEX({-1) -0.061405 0.020521 -2.882275 0.0032

C 1722115 54 040649 3186701 0.0017
R-squared 0.055286 Mean dependentwvar 13.56181
Adjusted R-squared 0.049111 5.0 dependent var 133.4788
S.E. of regression 130.1599  Akaike info criterion 1258822
Sum squared resid 2882063, Schwarz criterion 12.627449
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Date: 08/30M17 Time: 21:49

Sample (adjusted). 2004M0G 2016M12
Included observations: 151 after adjustments
Trend assumption: Linear deterministic trend
Series: INDEX EX

Lags interval (in first differences)y 1o 4

Unrestricted Cointegration Rank Test (Trace)

Hypothesized Trace 0.05
Ma. of CE(s) Eigenvalue Statistic Critical Value Prob.**
Mone * 0.102816 16.98186 15.4947- 0.0297
At most 1 0.003960 0.599132 J.89474060 0.4389
Trace testindicates 1 cointegrating eqn(s) atthe 0.05 level
* denotes rejection of the hypothesis atthe 0.05 level
*Mackinnon-Haug-Michelis (1999) p~values
Unrestricted Cointegration Rank Test (Maximum Eigenvalue)
Hypothesized Max-Eigen 0.05
Mao. of CE(s) Eigenvalue Statistic Critical Value Prob.**
Mone * 0.102816 16.38268 14 26460 0.0228
At most 1 0.003960 0599132 3841466 0.4389

Max-eigenvalue test indicates 1 cointegrating eqn(s) atthe 0.05 level

* denotes rejection of the hypothesis at the 0.05 level
“*Mackinnon-Haug-Michelis (1998) p~values
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Diate: 08/30M7 Time: 21:52
Sample: 2004M01 2016M12
Included observations: 156

Autocorrelation Partial Caorrelation AC PAC Q-5tat  Prob

0.932 0932 138.09 0.000
0.849 -0.144 25357 0.000
0.752 -0.147 24477 0.000
0.658 -0.017 41495 0.000
0.564 -0.047 46686 0.000
0.475 -0.028 503.94 0.000
0.390 -0.038 529.06 0.000
0.304 -0.074 54449 0.000
0217 -0.083 55238 0.000
0128 -0.082 55514 0.000

P N

I
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I
I
I
I
I
I
I
I
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Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 6.682329 Prob. F(1,154) 0.0107
Obs*R-squared 6.487604 Prob. Chi-Square(1) 0.01049
Scaled explained 55 17.87172  Prob. Chi-Square(1) 0.0000
Test Equation:

Dependent Variable: RESID"2
Method: Least Squares

Drate: 083017 Time: 21:55
Sample: 2004M01 2016M12
Included observations: 156

Wariable Coefficient Std. Error t-Statistic Frob.

c 4230106.7 104936.8 4 575197 0.0000

EX -71472 55 2764874  -2.585020 0.0107
R-squared 0.041587 Wean dependentvar 2336299
Adjusted R-squared 0.035364 5.0D. dependentwvar AART294 5
S.E. of regression 5473518 Akaike info criterion 29 27631
Sum squared resid 4 B1E+13 Schwarz criterion 29 31541
Log likelihood -2281.552 Hannan-CGuinn criter. 2929219
F-statistic G.682329 Durbin-Watzon stat 0.051943
Prob(F-statistic) 0.010665
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Dependent Variable: INDEX

Method: ML ARCH - Mormal distribution (BFGS / Marguardt steps)
Date: 08/2017 Time: 22:33

Sample (adjusted): 2004M02 2016M12

Included observations: 155 after adjustments

Convergence achieved after 21 iterations

Coefficient covariance computed using outer product of gradients
Presample variance: backcast (parameter =0.7)

GARCH = C(3) + C4PRESID(-1)*2 + C(AFGARCH(-1)

Yariable Coefficient Std. Error z-Statistic Prob.
C 2734195 15.68594 174.3086 0.0000
EX1 -183.8289 3801013 -4836314 0.0000

Wariance Equation

C hagg 424 2562326 2298077 0.0216
RESID(-12 0.747840 0293993 2543733 0.0110
GARCH-1) 0.189032 01479949 12772583 0.2015

R-squared -0.073526 WMean dependentvar 2887 221
Adjusted R-squared -0.080543 3.0. dependent var 496.95384
S.E. of regression 516.5842 Akaike info criterion 13.86556
Sum squared resid 40829456 Schwarz criterion 13.96374
Log likelihood -1069.581 Hannan-Cluinn criter. 13.90544
Durbin-Watson stat 0.067049
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Dependent Variable: INDEX

Method: ML ARCH - Marmal distribution (BFGS { Marquardt steps)

Date: 08/30M17 Time: 22:36

Sample (adjusted)y. 2004M02 2016M12

Included observations: 155 after adjustments

Caonvergence achieved after 42 iterations

Coefficient covariance computed using outer product of gradients
Presample variance: backcast (parameter = 0.7)

GARCH = C(3) + CAPRESID{-12 + C(5)*RESID(-2)"2 + C(6)*GARCH(-1)

Wariable Coefficient Std. Error -Statistic Prob.
C 27271186 15.54308 175.4554 0.0000
EX1 -176.0366 3379159  -5.209480 0.0000

Wariance Equation

C 1550.300 1634.017 0948766 0.3427
RESID{-1p2 0836843 0.320291 2612758 0.0080
RESID{-2)2 -0.584374 0351473  -1.691085 0.0808
GARCHI-1) 0737774 0188272 3918666 0.0001

R-squared -0.066053 Mean dependent var 2597 221
Adjusted R-squared -0.073021 S.0D. dependentvar 496.9534
S.E. of regression 5147829  Akaike info criterion 13.86402
Sum squared resid 40545222 Schwarz criterion 13.981383
Log likelihood -1068.462 Hannan-Cluinn criter. 13.91187
Durbin-Watson stat 0.067303
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Dependent Variable: INDEX

Method: ML ARCH - Mormal distribution (BFGS / Marquardt steps)

Date: 03/30M17 Time: 22:.37

Sample (adjusted)y. 2004M02 2016M12

Included observations: 155 after adjustments

Failure to improve likelihood (non-zero gradients) after 51 iterations
Coefficient covariance computed using outer product of gradients
Presample variance: backcast (parameter =0.7)

GARCH = C(3) + C4PRESID(-1)*2 + C(AFGARCH(-1) + C(6)*GARCHI-2)

Wariable Coefficient Std. Error r-Statistic Prob.
C 2716.848 1482525 183.2582 0.0000
EX1 -175.8306 31.31986  -5.614030 0.0000

Wariance Equation

C G338.580 1394 917 4 544056 0.0000
RESID{-12 0862973 0274359 3145412 0.0017
GARCHI-1) -0.120021 0003613 -33.21993 0.0000
GARCHI-2) 0180577 0.085116 2121552 0.0339

R-squared -0.055990 Mean dependent var 2887 221
Adjusted R-squared -0.062891 3.0 dependentvar 495.9584
S.E. of regression 8123474 Akaike info criterion 13.83191
Sum squared resid 40162474  Schwarz criterion 13.94872
Log likelihood -1065.973  Hannan-Cuinn criter. 13.874976
Durbin-Watson stat 0.0679349

113



GARCH(2,2) g isalll s ilti priagy (12) o) Ggala

Dependent Variable: INDEX

Method: ML ARCH - Marmal distribution (BFGS ! Marquardt steps)

Date: 08/30M7 Time: 22:39

Sample (adjusted) 2004M02 2016M12

Included observations: 155 after adjustments

Failure to improve likelinood (non-zero gradients) after 51 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter=0.7)

GARCH = C(3) + C4RESID(-1)'2 + C{5PFRESID(-2)"2 + C{E)*GARCHI-1)
+ STV GARCH(-2)

Variable Coefficient Std. Erraor r-Statistic Prob.
cC 2716.402 15.19483 1787702 0.0000
EX1 27.891745 37.54947 0743484 04572

Variance Equation

C 30637749 3352375 0.8913913 0.3608
RESID{-1y"2 09301649 0.002141 434 3747 0.0000
RESID{-2)"2 -0.314341 0405731 -0.774752 0.4385
GARCH(-1) 0249809 0473154 0527966 0.5975
GARCH(-2) 0.138593 0124344 1.114596 0.2650

R-squared -0.058925 Mean dependentvar 2887 221
Adjusted R-sguared -0.065846 S.00. dependentwvar 496.9584
S.E. ofregression 513.0590 Akaike info criterion 13.83174
Sum squared resid 40274124  Schwarz criterian 13.96919
Log likelihood -1064.960 Hannan-Cluinn criter. 13.88757
Durbin-Wat=on stat 0.070014

114



wald L) aladioly g agadll A0 Ayginal) LEA) @il mag (13) o8 gale

test

Wald Test:

Equation: Untitled

Test Statistic Yalue df Probability
t-statistic 3281646 150 0.0013
F-statistic 10.76920 (1, 150) 0.0013
Chi-square 10.76920 1 0.0010

Mull Hypothesis: CU1)+C2HC(3+C(4)+C(5)=0
Mull Hypothesis Summary:

Mormalized Restriction (= 0) Yalue Std. Err.

C(1)+ C(2)+ C(3) + C{4) + C(5) 8430727 2871797

Restrictions are linear in coefficients.
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Date: 0313017 Time: 22:49
Sample: 2003M01 2016M12
Included observations: 155

Autocarrelation Partial Carrelation AC PAC Q-5Stat Prob®
[ — [ — 1 0700 0700 77.48% 0.000
(I — 3 2 0599 0212 13448 0.000
[ — (] 3 0521 0086 17790 0.000
[ — (] 4 0485 0101 21587 0.000
[ — g 5 0402 -0.041 24208 0.000
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Heteroskedasticity Test: White

F-statistic 0523969 Prob. F(2,152) 0.5932
Obs*R-squared 1.061303 Prob. Chi-Square(2) 0.5882
Scaled explained 335 3.54E-12 Prob. Chi-Square(2) 1.0000
Test Equation:

Dependent Variable: WGT_RESID"2
Method: Least Squares

Date: 08/20M17 Time: 22:51
Sample: 2004M02 2016012
Included observations: 155

Variable Coefficient Std. Error t-Statistic Prob.

C 1.014591 0.0876949 11.56903 0.0000
EX12 -0.438473 1.024994  -0427781 0.6694

EX1 -0.068347 1.089271 -0.062746 0.9501
R-squared 0.006847 Mean dependentvar 1.000150
Adjusted R-sguared -0.006221 5.0 dependentvar 1.074196
S.E. of regression 1.077532 Akaike info criterion 30063349
Sum squared resid 176.4335 Schwarz criterion 3065294
Log likelihood -228.9952 Hannan-Quinn criter. 3030315
F-statistic 0523969 Durbin-Watson stat 1.887994

Prob(F-statistic) 0.593231
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GARCH(1,1)

Dependent Variable: LOG(IMNDEX)

Method: ML ARCH - Generalized error distribution (GED) (BFGS [ Marguardt
steps)

Date: 08/2117 Time: 08:59

Sample: 2004M01 2016M12

Included observations: 156

Caonvergence achieved after 45 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)

GED parameter fixed at 12

GARCH = C(5) + CI6VRESID(-1)"2 + C(7 JFGARCH(-1)

Variable Coefficient Std. Errar -Statistic Praob.
C 7.8953825 0073717 107.8977 0.0000
EX -0.068608 0006953 -9.867534 0.0000

AR(T) 0.834383 0017744 52 65788 0.0000
MALT) 0.445194 0.084594 h.262582 0.0000

Wariance Equation

C 0.0001549 8.12E-05 1.9626749 0.0497
RESID{-1p2 0216408 0.060483 3578023 0.0003
GARCHI-1) 0.810304 0.046366 17 47618 0.0000

R-squared 0.8956910 Mean dependentvar 7.829344
Adjusted R-squared 0.856059 S.D. dependentvar 0.269268
S.E. of regression 0.056444 Akaike info criterion -2.884228
Sum squared resid 0.434262 Schwarz criterion -2 747376
Log likelihood 231.96898 Hannan-Cuinn criter. -2 828645
Durbin-Watson stat 2.055771
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Wald Test:

Equation: Untitled

Test Statistic Yalue df Probability
t-statistic -2836.558 1449 0.0000
F-statistic 2046059 (1, 149) 0.0000
Chi-square 2046059 1 0.0000

Mull Hypothesis: C(6)+C(7)=094
Mull Hypothesis Summary:

Mormalized Restriction (= 0) Yalue Std. Err.

-89 + C(B) + C(7) -97.97329  0.034540
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Wald Test:

Equation: Untitled

Test Statistic Walue df Probability
t-statistic 1523042 1449 0.0000
F-statistic 23196.56 (1, 149) 0.0000
Chi-sguare 23196.56 1 0.0000

Mull Hypothesis: C1)+C{2+C 304 +C{5)+CI6)+C(7 =0
Mull Hypothesis Summary:

Mormalized Restriction (=0) Value Std. Err.

C(1)+C(2)+ C3)+ C4)+ C(5.. 1029177 0.067574
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Diate: 08/31M17 Time: 09:07
Sample: 2004M01 2016M12
Included observations: 156

Autocorrelation Partial Caorrelation AC PAC Q-Stat Prob®

0144 0144 23175 0.069
0.012 -0.008 232412 0188
-0.084 -0.087 44865 0214
-0.087 -0.074 60118 0193

B B 1
2
3
4
5 -0.057 -0.032 65375 0257
G
7
2

] N
g g
g g
g g
I I -0.035 -0.029 67443 0345
I I -0.027 -0.033 6.8685 0443
I I -0.086 -0.095 81097 0423

i i
I I
o i
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Heteroskedasticity Test: ARCH

F-statistic 0.773414 Prob. F(10,135) 0.6541

Obs*R-squared 7.911106 Prob. Chi-Square(10) 0.6375

Test Equation:

Dependent Variable: WGT RESID”™2

Method: Least Squares

Date: 08/19/17 Time: 15:54

Sample (adjusted): 2004M11 2016M12

Included observations: 146 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.
C 0.727881 0.195147 3.729910 0.0003

WGT_ RESID™2(-1) 0.139763 0.086829 1.609633 0.1098
WGT_ RESID"2(-2) 0.001135 0.087930 0.012906 0.9897
WGT_RESID”™2(-3) -0.085774 0.087504 -0.980226 0.3287
WGT_ RESID"2(-4) -0.072178 0.087655 -0.823433 0.4117
WGT_ RESID”"2(-5) -0.044351 0.087962 -0.504212 0.6149
WGT RESID”"2(-6) -0.008897 0.088538 -0.100490 0.9201
WGT_RESID”™2(-7) -0.005870 0.088524 -0.066306 0.9472
WGT_ RESID”"2(-8) -0.106751 0.088174 -1.210681 0.2281
WGT_ RESID”"2(-9) 0.019317 0.088413 0.218490 0.8274
WGT_RESID”"2(-10) 0.070315 0.086069 0.816957 0.4154

R-squared 0.054186 Mean dependent var 0.669707

Adjusted R-squared -0.015875 S.D.dependentvar 0.945517

S.E. of regression 0.952992 Akaike info criterion 2.813933

Sum squared resid 122.6062 Schwarz criterion 3.038725

Log likelihood -194.4171 Hannan-Quinn criter. 2.905271

F-statistic 0.773414 Durbin-Watson stat 1.937552

Prob(F-statistic) 0.654128
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8,000
Forecast: INDEXF
Actual: INDEX
6,000 Forecast sample: 2004M01 2016M12
Adjusted sample: 2004M02 2016M12
Included obsenations: 155
4,000 1 Root Mean Squared Error  139.3317
Mean Absolute Error 101.0423
2000 Mean Abs. Percent Error  3.869099
T Theil Inequality Coefficient 0.026506
Bias Proportion 0.049450
ol Variance Proportion 0.001481
B R . )
04 05 06 07 08 09 10 11 12 13 14 15 16 Covariance Proportion  0.949068
—— INDEXF - +2SE
024
.020
.016 |
.012
.008 |
.004 |
000 L

04 05 06 07 08 09 10 11 12 13 14 15 16

—— Forecast of Variance
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14
o Series: Standardized Residuals

12 | Sample 2004M01 2016M12
Obsenvations 156

10 - - Mean 0.179965

g | | Median 0.103759
Maximum 1.959760

6 Minimum -1.856334
Std. Dev. 0.792779
Skewness  -0.098339

49 Kurtosis 3.116486

2 Jarque-Bera  0.339635

. H ﬂ H Probability 0.843819

T LI L L L L T I T

-1.5 -1.0 -0.5 0.0 0.5 1.0 15 2.0
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