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0.064233 Lol
9.016821 daid 1S
-6.761799 dayd ol
1.419455 &oleall 8|
287 Slaalad!) soe

(01) Gell! e slaie¥l AUl slus) oot ysall
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g Bugyall 8811 M5 clmse a8 CByiall sas wilge Bladas 0 (144 ) Joamll I35 (00 Lasdl
Js> eall dods J) ada Lo 929 0.064233 Jlg> il Jaws bawgie o <0.232055 Jlg> aly Gslus
L 529 6.761799- Jls> Aayd Lol cuily (> (8 9.016821 gy wilgall dayd el clmle Udy . yaiall
Jo> el cidd 1asM LS . gdaadl of alzeadll slees¥l § elgwo Saloadl oldazll (o il 929 (wSay
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EXCH 8 pall yau dladad 3zl Ioli¥l g G101 Sola¥1 alls : (2-4) JSCad!

Autocorrelation

Partial Correlation

AC

PAC

Q-Stat

Prob
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

0.357
0.093
0.024
0.026
0.002
0.045
0.120
0.046
0.013
0.011
-0.035
-0.047
0.036
0.053
-0.000
-0.054
-0.045
-0.032
-0.024
-0.080
-0.051
0.003
0.037
0.004
0.000
-0.004
-0.012
-0.096
0.006
0.027
0.082
0.028
0.097
0.062
-0.013
0.003

0.357
-0.040
0.005
0.022
-0.016
0.055
0.100
-0.039
0.005
0.008
-0.053
-0.018
0.066
0.006
-0.028
-0.051
-0.014
0.001
-0.003
-0.095
0.001
0.038
0.037
-0.016
0.012
-0.005
-0.000
-0.107
0.085
0.006
0.076
-0.045
0.114
0.008
-0.028
-0.009

36.943
39.453
39.625
39.819
39.821
40.410
44.704
45.346
45.393
45.431
45.790
46.466
46.861
47.707
47.707
48.609
49.233
49.554
49.729
51.695
52.508
52.511
52.946
52.951
52.951
52.956
53.006
55.982
55.992
56.228
58.386
58.643
61.695
62.940
62.999
63.002

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.001
0.002
0.001
0.002
0.003
0.002
0.003
0.002
0.002
0.003
0.004

EViews10 &l peiuw (e sleie¥l adall slue| oot yusall
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196 _ _ 19
— — ’r' —
V288 ¢ V288

—0.1154941076 < 1, < +0.1154941076

s ilge At lag = 36 wie gzl Ljung-Box (Q-Stat) aslas| o el Jguzl (0 sty
By Ay X2 a3 68 aniedd Bdgonl Aaidll a #ST 9 063.002 Layuid 2ayd cuily REXCH o, al
:50.998 Jlgmeys 545 allg (%5 Ligins Sgiun Lic 36
36 8gzall (o Bauo Glud i1l Lladl cMalas o e (ais G paadl s ,8 (a8, cclls e Flug
e dilge Aadio 018 Jlidlig . JBYI (e Sgimn 13 oLyl 29299 eas G| Al A yall Judisg
A3 B) By 920 Adlora| ) i Lo 529 a3l pe Jatuns aé Ksbu W3 REXCH 3,0l
el @ Hlae¥ ey Lads
pasiud EXCH aluludl a,lya1u) 5Lasy @ Augmented Dickey-Fuller gé Sudjlas| -

AW ! de ba=us Augmented Dickey-Fuller ,Jsé oo susgll jis jLas!

EXCH G pall yau 2lulud (ADF) jLasl ml: (2-4) Joaxl|

(ADF) 5>l ydz sLis|
%5 Aa s aic

S Sl e Hp paalldpn)s giyeil) digeo
0.970832 A4 guanall dasl) hb=0 [6] dieenll

0.3325 Juaaayl A g ale alosl
1172869 4 guenall Al p=0 s
-3.425616 Al gam ol Al

0.0000 Jaiatyl
1.755701 4 punall dansll c=0 [5] dapeall

0.0802 Jlaiayl T
-11.69115 4 gunall dasdl) p =0
-2.871438 4l gam ol Aol

0.0000 Jaiatyl
-11.51745 a4 guenall Al p=0 [4] Hieenll
-1.941937 U ganall daull PYCRTRE Y

0.0000 Jiay! R

(02) Gell! e slaie¥l AdUall slus) oot ysall
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ale ol [6] Laall @ goine e EXCH aludud alallolas¥l o Lasdls (2-4) odlel Jgamdl IM5 (10
ol > 39290 [5] Bipall 1 Ja1ks 10 %D Lgias Syiue die 0.05 o #S10.3325 Jlaas¥l ¥ ol
ol LasM [4] Liall I jeid %D Wigias Sgiun i 0.05 (o 4ST0.0802 Jles¥l Aagd dms o
oAby din g %D Lgine Goius dic Uil Zaall oo J31 2 P Aalaoll ADF sy Ayl dayall

Jles¥l 4l adale lia s EXCH audud! § sus gl sz 929 pue gl (Ho i p = 0)auadl dn,s
die 8yatue EXCH aludadl o) Jsas JWb %D Ligine Ssiun dic 0.05 (0 J3I 5 5l 0.0000

- Culig ale slasl Ggan Sgawdl

Phillips- ;Lus) suxiws EXCH alududi 4,52 5Lasy : (PP)  Phillips- Perron jLas|
AW ! e Lila=wus (PP) Perron

EXCH b ypall yau abadud (PP) Lasl mli( 3-4) Jous!

(PP) 3usll is slas)
%5 4ath Jlsa aic
Soiedl ic Hp sl den,s = 3gall Aasun
0.970832 PR b—0 EEPR]
0.3325 JLQ_;J?H A f:'-l"‘l'—": .5'|_?1-_|'1
-11.62917 Asgewsel) Aoyl p=20 L
-3.425616 Vgl Lasall
0.0000 .
1.755701 PR c—0 5l
0.0802 Jlessyl e
-11.60517 PRV p=0
-2.8714328 | guxllie.al
0.0000 o
-11.52489 :d_sg_.,u_?cl'l Aayall P = 0 [4] dpen
-1.941937 Ayl Ao all 9ol a> O
0.0000 e e st

(01) Gell! e sleaie¥l AdUall sluc] oo 1yl

oLsly [6] Lauall § soine s EXCH alukid aladl slas¥l o) Lol (3-4 ) sdlel Jpazdl S35 (0

4> 39290 [5] Lhall J1 Ja1is 1A %5 Lgine Ssiua dic 0.05 (o 2S10.3325 Jlaas¥l (¥ culip ale
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Lo [4] Hagall JI yeid %D Lgian Gyiun ic 0.05 o 4ST 0.0802 Jlars¥! dad domi > ol
ey %D Higine Gytue dic Uoizll 2aall o J5T (2 P Aalasll (PP) jLasy &gl 2agall o
4l pdale 1iag EXCH aududl § susgll jiz 529 puce ol (Ho:p = 0)puall 4un,s (b
5yt EXCH el o) Jais Qs %D Bgine Ssiua dic 0.05 (o J31 g2 501 0.0000 JlezsY!

-l ple ola=sl Gouy
REXCH s gall aulid audall aigalf sLias| -2-2
AWl shlasdl e slexely ellsg
P W IS e Llia=s EVIEWS zaliy pluxiul Jarque & Bera Las|

REXCH Cipall o 5l ge dlalid aadall asionll yLas | (3-4 ) JSaJ!

80

] Series: REXCH

70 Sample 2000M01 2023M12
Observations 267

60 M

_— Mean 0.232055
Median 0.064233

20 — Maximum 9.0166821
Minimum -65.761799

30 Std. Dev. 1.419455
Skewness 1.081357

20 4 Kurtosis 11.55104

104 —’M Jarque-Bera  930.3295

U:—1|...|.’_'_'_.... e m = - Probability 0.000000

-6 -4 -2 0 2 4 6 8

EViews10 &l i Ao sleie¥l Adlall slue| e 2 yuiuall

:Eu>930.3295 o Lpad caly Jarque & Bera adlbas| dad (3-4) JSCad! I e JasDl
= (5)8+(z) .- 3
S = 6 b1 24 B
:Qip.l.’."tﬂ
celyl¥l Jolas (250 By

cabelazll Jalas 2 290 B
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288 288
(T) 1.081357 + (ﬁ) (11.55104 — 3)% = 930.3295

%S Lgina Ssiue tic 5.991465 golui &llg 2 Ly Aty x? 235 Vool 2ayall oo 2ST 29
Fasd 4l pdile Lo I 5 candall auierll s Aaludl o e pass &1 5 potadl Auinyd sy JUlls

%5 Wgias Sgiun tic 0.005 o yisol Ll tus 2yl Jlaasyl

QW Jgadl 3 Bmaige 23 6y3T cllast M5 e dmadidl s e L Liliaes

REXCH G o) pas 51 g B Bagdal (5,51 lylaas | : (4-4) Jguz)!

Empirical Distribution Test for REXCH
Hypothesis: Normal
Date: 04/15/25 Time: 11:57

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments

Method Value Adj. Value Probability
Lilliefors (D) 0.128596 NA 0.0000
Cramer-von Mises (W2) 1.658126 1.661015 0.0000
Watson (U2) 1.605481 1.608278 0.0000
Anderson-Darling (A2) 8.940008 8.963615 0.0000

Method: Maximum Likelihood - d.f. corrected (Exact Solution)

Parameter Value Std. Error z-Statistic Prob.

MU 0.232055 0.083788 2.769559%9 0.0056

SIGMA 1.419455 0.059350 23.91652 0.0000

Log likelihood -507.2637 Mean dependent var. 0.232055
No. of Coefficients 2 S.D. dependent var. 1.419455

EViews10 &l piiun e sleie¥l Adlall slue| e 2 yiuall

Anderson- Darling «l,Las¥) aemd Jleis¥) dayd o) odlel (4-4) Jouzdl I (o Lasdls

Ao yd yadys Jdly 9 %5 Lgins Goins i 0.05 (4o yiuol 2 Cramer- von Mises<Watson
C Ayl yaw dilge dudud bl el

Q-Q liasdl Slonsy ) L] I o Cbynll yase ilse Alilee dpndo cyo 3l (Siay L
P JW! IS dys gy LS (Plot)
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REXCH Gy nl) yaus 15l 9o dudud (Q-QPlot ) slas @ (4-4) JSid!

0

Quantiles of Normal

_4 = T T T T
-8 -4 (o] 4 8 12

Quantiles of REXCH

EViews10 oilo peiuns e sleie¥l adlall slue] cpe : yuuall

Wl ge Luduws O mud 92 (Q-Q Plot) Sl — Sl I s ey g 9 (4-4) JSCad I (0
el aiedl e Buay (2 REXCH o, yau

smaddl okl § 5l B pall ya wil e Audu AdylE 5las | -3-2
REXCH Cypall ya wilye aladud bl aead HLas 1y BDS [las ! Lea ylas | Jleatuls pgas
s ol ordga! @ Lasdly LS 5l A8 (o nll ja Slge Ads (01 (o) Las ) 8l oyl

QW Jousd! e Llans EVIEWS alip alasraly
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REXCH Gypnll yau bl 9o 1udud BDS jLas ) :(5-4) Jguzd!

BDS Test for REXCH

Date: 04/12/25 Time: 23:03
Sample: 2000M01 2023M12
Included observations: 288

Dimension BDS Statistic Std. Error  z-Statistic Prob.
2 0.052429 0.008472 8.100894 0.0000
3 0.082854 0.010343 8.010283 0.0000
4 0.103930 0.012391 8.387364 0.0000
5 0.118701 0.012996 9.133955 0.0000
6 0.124492 0.012612 9.870695 0.0000

Raw epsilon 1.633020

Pairs within epsilon 58133.00 V-Statistic 0.705763

Triples within epsilon 13068791  V-Statistic 0.552828

Dimension C(m,n) c(m,n) C(1,n-(m-1)) c(1,n-(m-1)) c(1,n-(m-1))*k
2 22325.00 0.547786 28684.00 0.703815 0.495356
3 17641.00 0.435903 28603.00 0.706770 0.353049
4 14150.00 0.352113 28364.00 0.705818 0.248182
5 11684.00 0.292810 28130.00 0.704960 0.174109
6 9761.000 0.246359 27898.00 0.704122 0.121867

EViews10 &l peiwn Ao sleie¥ L Adlall slue| e yiuall

LI Adgumdl 2auall ope p1ST cupls Z-Statistic aslbas] of 1o «(5-4) Jouzdl ldaas e L

el gull e 5dild A8 Al ding slan¥ apand %5 Ligins Gsius dic 1.96

REXCH G ypnll jau 05l ge s (ol deui sLas:( 6-4) Jguzt|

MNMull Hypothesis: REXCH is a martingale

Date: 04/12/25 Time: 23:16

Sample: 2000M01 2023M12

Included observations: 286 (after adjustments)
Heteroskedasticity robust standard error estimates
User-specified lags: 2 4 8 16

Joint Tests Walue df Probability

Max |z] (at pericod 8)~ 2.995942 286 0.0109

Individual Tests

Period War. Ratio Std. Error z-Statistic Probakility
2 0. 706551 0.133970 -2.190410 0.0285
4 0.381542 0.213633 -2.894960 0.0038
8 0.188197 0.270967 -2.995942 0.0027
16 0.107823 0.331481 -2.691489 0.0071

"Probability approximation using studentized maximum modulus with
parameter value 4 and infinite degrees of freedom

Test Details (Mean = -0.0112057493288)
Period “ariance “War. Ratio CObs
1 2.57213 -— 286
2 1.81735 0.70655 285
4 0.98138 0.38154 283
8 0.48407 0.18820 279
16 0.27734 0.10782 271
EViews10 &l e e sleie¥l adlall slue! o 2 yiuall
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e 5l A8 Al ud) ding 0.05 (1o Lolad yiuol (2 JleisYl @b oof (6-4) Jgud! I (e Lasdly
il gudl

:REXCH oyl ya 5 ge 2lubis 3 ARCH -GARCH i jLisl-4-2

JLas¥1 2% (ARCH-LM) ARCH-GARCH ¥ i,2¥ Ciclia luzs | e slaze¥l, cllsy

Jasogal| Aslae yyotis gilis: (7-4) Jpazd!

Dependent Variable: REXCH

Method: Least Squares

Date: 04/15/25 Time: 12:08

Sample (adjusted): 2000M02 2023M12
Included observations: 287 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

C 0.232055 0.083788 2.7869559 0.0080
R-squared 0.000000 Mean dependent var 0.232055
Adjusted R-squared 0.000000 S.D. dependent var 1.419455
S.E. of regression 1.419455 Akaike info criterion 3.541901
Sum squared resid 576.2479 Schwarz criterion 3.554652
Log likelihood -507.2629 Hannan-Quinn criter. 3.547012
Durbin-Watson stat 1.272186

EViews10 &l i Ao sleie¥l Adlall slue| e 2 yuiuall

Ol Co Lilas| (Ssian 529 0.232055 Golua (C) colidl us o)1 (7-4) @3, Jgazdl M5 (e Lasdly

0.05 (ye J81 29 0.0060 g5lud (Prob) Jleisd! Aoy
z3kas LUl se2g e adSH @iy (31 (ARCH-LM) ARCH 3Y @il ,2¥ caclias jlasl -
lia @lu ypaad) 3ley e ARCH-LM [las) gy Jassill Aalan ypuds @3 oof aay Yel ARCH

P W Jsazd! 3 A g 5Ll

A yall ya i 51 go Uudw (ARCH-LM) ;L | wlu:(8-4) Jguzd!
Heteroskedasticity Test: ARCH

F-statistic 8.872008 Prob. F(1,284) 0.0031
Obs*R-squared 8.663834 Prob. Chi-Square(1) 0.0032

EViews10 &l i (e sleie¥ L Adlall slue| e 2 yiuall
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Solus s ls ( 8.663834 ) x? Lyl Loall Lkl Jlasd! o (8-4) Jouzdl U5 (e LoDl
Sl e gay les Hy puadl 2n,8 (a8 dde 9%D Lgine Seiun tic 0.05 (o yiiol 52 0.0032
ARCH -GRACH 31 uz gy JWby 9 131 5lass¥ly Lgyid) ol

LT LS amall gudl e 5dad AL8 Ll (oo aSTall @3 98,00 ol Byuall yase ilge Aadu oof ey
eadl U e ) JEuY! LS 131 ARCH-GRACH  5¥ da s

C.:}M.” ag, Hlasl g adidl Ao -3

4Ll ARCH-GARCH g5 (0 g 3lai e yuds qiiwe EVIEWS zaliyy alisislsg >l sla 3
Al agerll el clagies A Ausyd oot (Bblull a2) ablall ey (8blall)
a5 o3 Generalized Ereer(GED) slasdU alall asgull Studen ’s t 555 Normal(Gaussian)
el 23k cdlelan ,aads 3 8elaS 9 485 (ye 0,955 WL (elaall ddsaall dasls Jleniwly 73kl sda
sda o Aalall Caug 13 o puadll @l jakls @5 @3 (Hamilton, 1994) cUs ragl LS ol
D doazll @ misse o LS Ao lall ulae pany e el mlud)
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A Adll 7 3Leid! (o Al plas : (8-4) Jouise)!

AIC SBIC HQIC Log L sUad¥) gjsi | Aa ikl g iladll
3.248120 |3.286373 |3.263451 | -463.1052 Normal ARCH(1)
3.030496 |3.081500 |3.050938 |-430.8762 | Student ’s t
3.027763 |3.078766 |3.048204 | -430.4840 GED
3.254428 |3.305431 |3.274869 | -463.0104 Normal GRACH(1,1)
3.031707 |3.095461 |[3.057259 |-430.0500 | Student ’s t
3.031675 |3.095429 |3.057226 | -430.0453 GED
3.249175 |3.300178 |3.269616 | -462.2566 Normal | ARCH-M(1,1)
3.027924 [3.091678 |3.053476|-429.5071 | Student ’s t
3.026242 |3.089996 |3.051793 |-429.2657 GED
3.241839 |3.292842 |3.262280 | -461.2038 Normal EARCH(1,1)
3.050345 |[3.114100 |3.075897 |-432.7246 | Student ’s t
3.041812 |3.105566 |3.067364 |-431.5001 GED
3.209764 |3.273518 |3.235316 | -455.6011 Normal | EGRACH(L,1)
3.028981 |3.105486 |3.059643|-428.6588 | Student ’s t
3.019455 |3.095960 |3.050117 |-427.2918 GED
3.251280 |3.302283 |3.271721-462.5586 Normal GJR-
3.034840 |3.098594 |3.060392 |-430.4995 | Student’st| ARCH(1,1)
3.033311 |[3.097066 |3.058863 | -430.2802 GED
3.257666 |3.321420 |3.283217 | -462.4750 Normal | GJR-GARCH-
3.036645 |3.113150 |3.067307 |-429.7586 | Student ’s t (1,1)
3.037114 |3.113618 |3.067775 | -429.8258 GED
3.264849 |3.341354 |[3.295511 | -462.5059 Normal | APGARCH(1,1)
3.012997 |[3.102253 |3.048769 | -425.3651 | Student ’s t
3.034602 |3.123857 |3.070374 |-428.4653 GED

(04) Glll e slaae¥l Adlall slue| o i yuuall

Lea g 3 Aall 7 3Laidl (o Jiadl (m3gas Ilia ol oMlel (8-4) Jgul IS (10 dhalizind Lo
20 ARCH(L) £ 355 of > Student ’s t as590 APGARCH(L,1) s GED 535 ARCH(1)
z 3503 ) addly T g,5¥1 & 5lall 7 3leidl ao 435lally SBIC s HQIC (s (ST 3as 8T 48 395 ellas]
S5 Log likelihood Jae.s 48Ty AIC 3ae,s J31 als Student ’s as39n APGARCH(L,1)
P JU gl dings Lo 1dag 7 39 U Aol cilalall Logine (e datai Lo Juads
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cilalaall 4 gina A e APGARCH(L, 1) ARCH (1) cno3gaidl o alyolall : (8-4) Jouzell

APGARCH (1,1) ARCH (1)

Jlaas Z-Statistic Lagall Jlasyl | Z-Statistic Lagall Jalall
0.0000 63.04874 0.034431 0.0000 4.922750 0.755883 C
0.0000 4.209497 0.228470 0.0006 3.452210 0.905798 aq
0.6755 0.418674 0.040849 y
0.0023 3.048755 0.180162 0
0.7251 -0.351596 -0.065538 w1
0.0000 7.490646 0.603356 01

3.012997 3.027763 AIC
3.102253 3.078766 SBIC
3.048769 3.048204 HQIC
-425.3651 -430.4840 Log L
Sladall

(04) sl de slaae¥l adlall slue] (ot yuall

14

Dk LS LS oz dgeidl O eladl as

: LIS oS, ARCH(L) 235

p
h + a; €2 .
t=a0 l t—1

i=1

o LS 35,8 APGARCH(L,1) 7 3g0s) il L]

0, =W + al([gt_ﬂ - 0)15t—1)y + 510'2/—1

Uolas dalas of uxid ARCH(L) 5o Z 39 Juadl o 754051 wb 3aladl Jguzld Lidasdle M5 (40

Siea die 0.005 o ST Jas¥l aad ¥ = 0.6755 sw; = 0.725 L crigiaans cnielas
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GED pjgi sllasl as ARCH(1) 73903 a3 guilis : (9-4) Jsazed!

Dependent Variable: REXCH

Method: ML ARCH - Generalized error distribution (GED) (BFGS /
Marquardt steps)

Date: 04/16/25 Time: 21:42

Sample (adjusted): 2000M02 2023M12

Included cbservations: 287 after adjustments

Convergence achieved after 39 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)

GARCH = C(2) + C(3)"RESID(-1)2

“Variable Coefficient Std. Error z-Statistic Prob.

[ -0.004519 0.0376654 -0.119985 0.9045

“ariance Equation

C 0.755883 0.153549 4.922750 0.0000
RESID(-1)"2 0.905798 0.262382 3.452210 0.0006
GED PARAMETER 0.881298 0.095766 9.202621 0.0000
R-squared -0.027875 Mean dependeaent var 0.232055
Adjusted R-squared -0.027875 S.D. dependent var 1.419455
S.E. of regression 1.439102 Akaike info criterion 3.027763
Sum squared resid 592.3106 Schwarz criterion 3.078766
Log likelihood -430.4840 Hannan-Quinn criter. 3.048204
Durbin-VWatson stat 1.237686
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REXCH

Mean 0.232055
Median 0.064233
Maximum 9.016821
Minimum -6.761799
Std. Dev. 1.419455
Skewness 1.081357
Kurtosis 11.55104
Jarque-Bera 930.3295
Probability 0.000000
Sum 66.59985
Sum Sq. Dev. 576.2479
Observations 287
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t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -11.69115 0.0000
Test critical values: 1% level -3.453072
5% level -2.871438
10% level -2.572116
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(REXCH)
Method: Least Squares
Date: 07/01/25 Time: 22:08
Sample (adjusted): 2000M03 2023M12
Included observations: 286 after adjustments
Variable Coefficient  Std. Error t-Statistic Prob.
REXCH(-1) -0.642987  0.054998 -11.69115  0.0000
(o} 0.138885  0.079105  1.755701 0.0802
R-squared 0.324907 Mean dependent var -0.011206
Adjusted R-squared 0.322530 S.D. dependent var 1.603788
S.E. of regression 1.320054 Akaike info criterion 3.400192
Sum squared resid 494.8824 Schwarz criterion 3.425758
Log likelihood -484.2274  Hannan-Quinn criter. 3.410439
F-statistic 136.6829 Durbin-Watson stat 1.980701
Prob(F-statistic) 0.000000

[5] Gl

Null Hypothesis: REXCH has a unit root

Exogenous: Constant, Linear Trend

Lag Length: 0 (Automatic - based on SIC, maxlag=15)

t-Statistic Prob.”
Augmented Dickey-Fuller test statistic -11.72869 0.0000
Test critical values: 1% level -3.990470
5% level -3.425616
10% level -3.135961
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(REXCH)
Method: Least Squares
Date: 07/01/25 Time: 22:06
Sample (adjusted): 2000M03 2023M12
Included observations: 286 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
REXCH(-1) -0.646560 0.055126 -11.72869 0.0000
Cc 0.006777 0.157403 0.043055 0.9657
@TREND("2000M01")  0.000920 0.000948 0.970832 0.3325
R-squared 0.327148 Mean dependent var -0.0112086
Adjusted R-squared 0.322393 S.D. dependent var 1.603788
S.E. of regression 1.320188 Akaike info criterion 3.403860
Sum squared resid 493.2397 Schwarz criterion 3.442209
Log likelihood -483.7519 Hannan-Quinn criter 3.419231
F-statistic 68.79889 Durbin-Watson stat 1.980404
Prob(F-statistic) 0.000000

[6] ]l

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -11.51745 0.0000
Test critical values: 1% level -2.573073
5% level -1.941937
10% level -1.615958
“MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(REXCH)
Method: Least Squares
Date: 07/01/25 Time: 22:12
Sample (adjusted): 2000M03 2023M12
Included observations: 286 after adjustments
Variable Coefficient ~ Std. Error t-Statistic Prob.
REXCH(-1) -0.627317  0.054467 -11.51745 0.0000
R-squared 0.317580 Mean dependent var -0.011206
Adjusted R-squared 0.317580 S.D. dependent var 1.603788
S.E. of regression 1.324868 Akaike info criterion 3.403994
Sum squared resid 500.2538 Schwarz criterion 3.416777
Log likelihood -485.7711  Hannan-Quinn criter. 3.409118
Durbin-Watson stat 1.989700

[4] Ll
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Adj. t-Stat Prob.”
Phillips-Perron test statistic -11.60517 0.0000
Test critical values: 1% level -3.453072
5% level -2.871438
10% level -2.572116
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 1.730358
HAC corrected variance (Bartlett kernel) 1.654832
Phillips-Perron Test Equation
Dependent Variable: D(REXCH)
Method: Least Squares
Date: 07/01/25 Time: 22:19
Sample (adjusted): 2000M03 2023M12
Included observations: 286 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
REXCH(-1) -0.642987 0.054998 -11.69115 0.0000
C 0.138885 0.079105 1.755701 0.0802
R-squared 0.324907 Mean dependent var -0.0112086
Adjusted R-squared 0.322530 S.D. dependent var 1.603788
S.E. of regression 1.320054  Akaike info criterion 3.400182
Sum squared resid 494.8824 Schwarz criterion 3.425758
Log likelihood -484.2274 Hannan-Quinn criter. 3.410439
F-statistic 136.6829 Durbin-Watson stat 1.980701
Prob(F-statistic) 0.000000

[5] Gall

Adj. t-Stat Prob.*
Phillips-Perron test statistic -11.62917 0.0000
Test critical values: 1% level -3.980470
5% level -3.425616
10% level -3.135961
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 1.724614
HAC corrected variance (Bartlett kernel) 1.636633
Phillips-Perron Test Equation
Dependent Variable: D(REXCH)
Method: Least Squares
Date: 07/01/25 Time: 22:17
Sample (adjusted): 2000M03 2023M12
Included observations: 286 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
REXCH(-1) -0.646560 0.055126  -11.72869 0.0000
C 0.006777 0.157403 0.043055 0.9657
@TREND("2000M01")  0.000920 0.000948 0.970832 0.3325
R-squared 0.327148 Mean dependent var -0.011206
Adjusted R-squared 0.322383 S.D. dependent var 1.603788
S.E. of regression 1.320188 Akaike info criterion 3.403860
Sum squared resid 493.2397 Schwarz criterion 3.442208
Log likelihood -483.7519  Hannan-Quinn criter. 3.419231
F-statistic 68.79889 Durbin-Watson stat 1.980404
Prob(F-statistic) 0.000000

[6] Gpall

Adj. t-Stat Prob.”

Phillips-Perron test statistic -11.52489 0.0000
Test critical values: 1% level -2.573073

5% level -1.941937

10% level -1.615958
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 1.749139
HAC corrected variance (Bartlett kernel) 1.755585
Phillips-Perron Test Equation
Dependent Variable: D(REXCH)
Method: Least Squares
Date: 07/01/25 Time: 22:20

Sample (adjusted): 2000M03 2023M12

Included observations: 286 after adjustments
Wariable Coefficient Std. Error t-Statistic Prob.

REXCH(-1) -0.627317 0.054467 -11.51745 0.0000
R-squared 0.317580 Mean dependent var -0.011206
Adjusted R-squared 0.317580 S.D. dependent var 1.603788
S.E. of regression 1.324868  Akaike info criterion 3.403994
Sum squared resid 500.2538 Schwarz criterion 3.416777
Log likelihood -485.7711 Hannan-Quinn criter. 3.409118
Durbin-Watson stat 1.989700

[4] Ll
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Dependent Variable: REXCH
Method: ML ARCH - Student's t distribution (BFGS / Marquardt steps)
Date: 04/16/25 Time: 21:45
Sample (adjusted): 2000M02 2023M12
Included observations: 287 after adjustments
Convergence achieved after 27 iterations
Coefficient covariance computed using outer product of gradients
Presample variance: backcast (parameter = 0.7)
GARCH = C(2) + C(3)"RESID(-1)*2

Variable Coefficient ~ Std. Error  z-Statistic Prob.
C 0.080775  0.048608 1661754  0.0966
Variance Equation
C 1.141508  0.664183  1.718649  0.0857
RESID(-1)"2 1234544  0.766993  1.608589  0.1075
T-DIST. DOF 2664759  0.591456  4.505423  0.0000
R-squared -0.011398 Mean dependent var 0.232055
Adjusted R-squared -0.011398 3.D. dependent var 1.419455
S.E. of regression 1.427522  Akaike info criterion 3.030496
Sum squared resid 582.8161 Schwarz criterion 3.081500
Log likelihood -430.8762 Hannan-Quinn criter. 3.050938
Durbin-Watson stat 1.257848
Student’s t

Dependent Variable: REXCH
Method: ML ARCH - Generalized error distribution (GED) (BFGS /

Marquardt steps)

Date: 04/16/25 Time: 21:42

Sample (adjusted): 2000M02 2023M12
Included observations: 287 after adjustments
Convergence achieved after 39 iterations
Coefficient covariance computed using outer product of gradients
Presample variance: backcast (parameter = 0.7)
GARCH = C(2) + C(3)"RESID(-1)*2

Dependent Variable: REXCH
Method: ML ARCH - Normal distribution (BFGS / Marquardt steps)
Date: 04/16/25 Time: 21:45
Sample (adjusted): 2000M02 2023M12
Included observations: 287 after adjustments
Convergence achieved after 13 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)
GARCH = C(2) + C(3)'RESID(-1)"2

Variable Coefficient  Std. Error ~ z-Statistic ~ Prob.
C 0.029285  0.057129  0.512621  0.6082
Variance Equation

C 0.766479  0.063440  12.08204  0.0000
RESID(-1)*2 0916114  0.098182  9.330808  0.0000
R-squared -0.020478 Mean dependent var 0.232055
Adjusted R-squared -0.020478  S.D. dependent var 1.419455
S.E. of regression 1.433915  Akaike info criterion 3.248120
Sum squared resid 588.0481  Schwarz criterion 3.286373
Log likelihood -463.1052  Hannan-Quinn criter. 3.263451

Durbin-Watson stat 1.246857

Normal

Variable Coefficient  Std. Error  z-Statistic Prob.
c -0.004519  0.037664 -0.119985  0.9045
Variance Equation

c 0.755883  0.153549  4.922750  0.0000
RESID(-1)*2 0.905798  0.262382  3.452210  0.0008
GED PARAMETER 0.881288  0.095766  9.202621  0.0000
R-squared -0.027875 Mean dependent var 0.232055
Adjusted R-squared -0.027875 S.D. dependent var 1.419455
S.E. of regression 1.439102  Akaike info criterion 3.027763
Sum squared resid 592.3106  Schwarz criterion 3.078766
Log likelihood -430.4840 Hannan-Quinn criter. 3.048204

Durbin-Watson stat 1.237686

GED



elasS lansel A Ausy8 cums GARCH(1,1) 7305 yyuas

Dependent Variable: REXCH

Method: ML ARCH - Student's t distribution (BFGS / Marquardt steps)

Date: 04/16/25 Time: 21:48

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments
Convergence achieved after 53 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)
GARCH = C(2) + C(3)*'RESID(-1)"2 + C(4)"GARCH(-1)

Dependent Variable: REXCH

Date: 04/16/25 Time: 21:47

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments
Convergence achieved after 32 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)

GARCH = C(2) + C(3)'RESID(-1)'2 + C(4)"GARCH(-1)

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

Variable Coefficient ~ Std. Error  z-Statistic  Prob. i i —
Variable Coefficient ~ Std. Error  z-Statistic ~ Prob.
c 0.069782  0.046575  1.498278  0.1341
C 0.021670  0.056503  0.383518  0.7013
Variance Equation
Variance Equation
c 0613879  0.325874  1.883790  0.0596
RESID(-1)2 1.010575  0.544052  1.857497  0.0632 c 0.796454 0075611 1053352  0.0000
GARCH(-1) 0015626 0019132 -0.816744  0.4141
T-DIST. DOF 2732731 0580437  4.708059  0.0000
R-squared 0013115 Mean dependentvar  0.232055 R-squared 10022045 Mean dependent var 0.232055
Adjusted R-squared  -0.013115 S.D.dependentvar  1.419455 Adjusted R-squared ~ -0.022045  S.D.dependentvar  1.419455
S.E. of regression 1428733 Akalke info criterion ~ 3.031707 S.E. of regression 1435016 Akaike info criterion  3.254428
Sum squared resid 583.8054 Schwarz criterion 3.095461 Sum squared resid 988.9511  Schwarz criterion 3.305431
Log likelihood -430.0500 Hannan-Quinn criter. 3.057259 Log likelihood -463.0104  Hannan-Quinn criter.  3.274869
Durbin-Watson stat 1.285717 Durbin-Watson stat 1.244746
Student’s t Normal

Dependent Variable: REXCH
Method: ML ARCH - Generalized error distribution (GED) (BFGS /

Marquardt steps)

Date: 04/16/25 Time: 21:49

Sample (adjusted): 2000M02 2023M12
Included observations: 287 after adjustments
Convergence achieved after 57 iterations
Coefficient covariance computed using outer product of gradients
Presample variance: backcast (parameter = 0.7)
GARCH = C(2) + C(3)"RESID(-1)*2 + C(4)"GARCH(-1)

Variable Coefficient ~ Std. Error  z-Statistic Prob.
c -0.015862  0.035830 -0.445491 0.6560
Variance Equation

c 0.522%89  0.165103  3.167717  0.0013
RESID(-1)"2 0.858605  0.246709  3.480230  0.0005
GARCH(-1) 0.157688  0.116029  1.359037  0.1741
GED PARAMETER 0.868680  0.092832  9.357568  0.0000
R-squared -0.030636 Mean dependent var 0.232055
Adjusted R-squared -0.030636 S.D. dependent var 1.419455
S.E. of regression 1.441034 Akaike info criterion 3.031675
Sum squared resid 593.8020 Schwarz criterion 3.095429
Log likelihood -430.0453 Hannan-Quinn criter. 3.057226

Durbin-Watson stat 1.234369

GED
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Dependent Variable: REXCH

Dependent Variable: REXCH
Method: ML ARCH - Student's t distribution (BFGS / Marquardt steps)
Date: 04/16/25 Time: 21:53

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments

Convergence achieved after 49 iterations

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

GARCH = C(3) + C(4)"RESID(-1)"2

Variable Coefficient  Std. Error  z-Statistic ~ Prob.
GARCH 0.027761  0.028445 0.975945  0.3291
c 0.024044  0.064630 0372029  0.7099
Variance Equation
c 1211566  0.762953 1587995  0.1123
RESID(-1)*2 1233542  0.822814 1493175  0.1338
T-DIST. DOF 2616174 0579320 4515938  0.0000
R-squared 0.024696 Mean dependent var 0.232055
Adjusted R-squared 0.021274 S.D. dependent var 1.419455
S.E. of regression 1.404275 Akaike info criterion 3.027924
Sum squared resid 562.0168 Schwarz criterion 3.091678
Log likelihood -429.5071  Hannan-Quinn criter. 3.053478
Durbin-Watson stat 1.368946
Student’s t

Dependent Variable: REXCH
Method: ML ARCH - Generalized error distribution (GED) (BFGS /

Marquardt steps)

Date: 04/16/25 Time: 21:57

Sample (adjusted): 2000M02 2023M12

Method: ML ARCH - Normal distribution (BFGS / Marquardt steps)
Date: 04/16/25 Time: 21:50

Sample (adjusted): 2000M02 2023M12
Included observations: 287 after adjustments
Convergence achieved after 24 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)
GARCH = C(3) + C(4)"RESID(-1)*2

Variable Coefficient ~ Std. Error  z-Statistic  Prob.
GARCH 0.051080  0.030421 1679132  0.0931
C -0.033237  0.064975 -0.511534  0.6090

Variance Equation
C 0.795485  0.064532  12.32634  0.0000
RESID(-1)*2 0.863002  0.093504  9.229548  0.0000
R-squared 0.022741  Mean dependent var 0.232055
Adjusted R-squared 0.019312  S.D. dependent var 1.419455
S.E. of regression 1.405682  Akaike info criterion 3.249175
Sum squared resid 563.1434  Schwarz criterion 3.300178
Log likelihood -462.2566  Hannan-Quinn criter. 3.269616
Durbin-Watson stat 1.397336
Normal

Included cbservations: 287 after adjustments
Convergence achieved after 58 iterations

Coefficient covariance computed using outer product of gradients
Presample variance: backcast (parameter = 0.7)
GARCH = C(3) + C(4)"RESID(-1)*2

Variable Coefficient Std. Error z-Statistic Prob.
GARCH 0.040851 0.030196 1.352850 0.17861
C -0.054999 0.051412  -1.089775 0.2847

Variance Equation
C 0.775609 0.155126 4.999860 0.0000
RESID(-1)*2 0.849654 0.249046 3.411639 0.0006
GED PARAMETER 0.883849 0.096989 9.110847 0.0000
R-squared 0.016318 Mean dependent var 0.232055
Adjusted R-squared 0.012866 S.D. dependent var 1.419455
S.E. of regression 1.410294  Akaike info criterion 3.026242
Sum squared resid 566.8449 Schwarz criterion 3.089986
Log likelihood -429.2657 Hannan-Quinn criter. 3.051793
Durbin-Watson stat 1.364098

GED



sl clases A Ay yd cxs EARCH (1,1) 73905 jpuas

Dependent Variable: REXCH

Method: ML ARCH - Student's t distribution (BFGS / Marquardt steps)

Date: 04/16/25 Time: 21:59

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments

Convergence achieved after 35 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)

LOG(GARCH) = C(2) + C(3)*ABS(RESID(-1)@SQRT(GARCH(-1))) +
C(4)"RESID(-1)/@SQRT(GARCH(-1))

Variable Coefficient Std. Error z-Statistic Prob.

Cc 0.090961 0.049258 1.846630 0.0648

Variance Equation

C(2) 0.1904839 0.668978 0.284746 0.7758

C(3) 1.122575 0.402357 2.789998 0.0053

C(4) 0.065232 0.172114 0.379007 0.7047

T-DIST. DOF 2612713 0.611207 4.274676 0.0000

R-squared -0.009915 Mean dependent var 0.232055

Adjusted R-squared -0.008915 S.D. dependent var 1.419455

S.E. of regression 1.426475 Akaike info criterion 3.050345

Sum squared resid 581.9613 Schwarz criterion 3.114100

Log likelihood -432.7246 Hannan-Quinn criter. 3.075897
Durbin-Watson stat 1.259696

Student’s t

Dependent Variable: REXCH

Dependent Variable: REXCH

Method: ML ARCH - Normal distribution (BFGS / Marquardt steps)
Date: 04/16/25 Time: 21:58

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments

Convergence achieved after 18 iterations

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

LOG(GARCH) = C(2) + C(3)"ABS(RESID(-1)/@SQRT(GARCH(-1))) +

C(4)'RESID(-1)/@SQRT(GARCH(-1))

Variable Coefficient  Std. Error  z-Statistic ~ Prob.
c 0.051451  0.054953 0936274  0.3491
Variance Equation

C(2) -0.277927  0.067900 -4.093192  0.0000

C(3) 0952103  0.067072  14.19523  0.0000

C(4) 0.081029  0.060026 1516479  0.1294
R-squared -0.016245 Mean dependent var 0.232055
Adjusted R-squared -0.016245 S.D. dependent var 1.419455
S.E. of regression 1.430938  Akaike info criterion 3.241838
Sum squared resid 585.6092 Schwarz criterion 3.292842
Log likelihood -461.2038  Hannan-Quinn criter. 3.262280

Durbin-Watson stat 1.251849

Normal

Method: ML ARCH - Generalized error distribution (GED) (BFGS /

Marguardt steps)
Date: 04/16/25 Time: 22:00
Sample (adjusted): 2000M02 2023M12
Included observations: 287 after adjustments
Convergence achieved after 40 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)

LOG(GARCH) = C(2) + C(3)*ABS(RESID(-1)/@SQRT(GARCH(-1))) +

C(4)"RESID(-1)/@SQRT(GARCH(-1))

Variable Coefficient Std. Error z-Statistic Prob.

c 0.001434 0.039060 0.036722 0.9707

Variance Equation

C(2) -0.257046 0.184458  -1.393519 0.1635
C(3) 0.945234 0.164864 5.733424 0.0000
C(4) 0.032142 0.139635 0.230184 0.8179

GED PARAMETER 0.881520 0.101721 8.666087 0.0000

R-squared -0.026489 Mean dependent var 0.232055
Adjusted R-squared -0.026489 S.D. dependent var 1.419455
S.E. of regression 1.438132 Akaike info criterion 3.041812
Sum squared resid 591.5123 Schwarz criterion 3.105566
Log likelihood -431.5001 Hannan-Quinn criter. 3.067364
Durbin-Watson stat 1.239356

GED
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Dependent Variable: REXCH

Method: ML ARCH - Student's t distribution (BFGS / Marquardt steps)

Date: 04/16/25 Time: 22:04

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments

Convergence achieved after 43 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)

LOG(GARCH) = C(2) + C(3)"ABS(RESID(-1)/@SQRT(GARCH(-1))) +
C(4)*RESID(-1)Y@SQRT(GARCH(-1)) + C(5)*LOG(GARCH(-1))

Dependent Variable: REXCH

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

Date: 04/16/25 Time: 22:02

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments

Convergence achieved after 25 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)

LOG(GARCH) = C(2) + C(3)"ABS(RESID(-1)/@SQRT(GARCH(-1))) +
C(4)'RESID(-1)/@SQRT(GARCH(-1)) + C(5)"LOG(GARCH(-1))

Variable Coefficient  Std. Error  z-Statistic Prob.
C 0.038302  0.045553  0.840819  0.4004
Variance Equation

C(2) -0.410290  0.201569  -2.035480  0.0418
C(3) 1.069198 0273788  3.905208  0.0001
C(4) 0.082138  0.128265  0.640383  0.5219
C(5) 0.603603  0.104878  5.755296  0.0000
T-DIST. DOF 2.824756  0.638922  4.421130  0.0000
R-squared -0.018697 Mean dependent var 0.232055
Adjusted R-squared -0.018697 S.D. dependent var 1.419455
S.E. of regression 1.432663 Akaike info criterion 3.028981
Sum squared resid 587.0220 Schwarz criterion 3.105486
Log likelihood -428.6588 Hannan-Quinn criter. 3.059643

Durbin-Watson stat 1.248836

Student’s t

Dependent Variable: REXCH
Method: ML ARCH - Generalized error distribution (GED) (BFGS /
Marquardt steps)
Date: 04/16/25 Time: 22:07
Sample (adjusted): 2000M02 2023M12
Included observations: 287 after adjustments
Convergence achieved after 36 iterations

Coefficient covariance computed using outer product of gradients

Variable Coefficient ~ Std. Error  z-Statistic ~ Prob.
c 0.010905  0.049294  0.221222  0.8249
Variance Equation

C(2) -0.547926  0.080940 -8.991251  0.0000
C(3) 1.074737  0.07135  15.06167  0.0000
C(4) 0.136058  0.063304  2.149265  0.0316
C(5) 0.374460  0.079201  4.727948  0.0000
R-squared -0.024358 Mean dependent var 0.232055
Adjusted R-squared -0.024358  S.D. dependent var 1.419455
S.E. of regression 1.436639 Akaike info criterion 3.209764
Sum squared resid 590.2844  Schwarz criterion 3.273518
Log likelihood -455.6011  Hannan-Quinn criter. 3235316

Durbin-Watson stat 1.241934

Norma

Presample variance: backcast (parameter = 0.7)
LOG(GARCH) = C(2) + C(3)"ABS(RESID(-1)/@SQRT(GARCH(-1))) +
C(4)"RESID(-1)Y@SQRT(GARCH(-1)) + C(5)"LOG(GARCH(-1))

Variable Coefficient Std. Error z-Statistic Prob.
C -0.015962 0.036364  -0.4383948 0.6607
Variance Equation

C(2) -0.568345 0.122006 -4.658350 0.0000
C(3) 1.0441865 0.157952 6.610661 0.0000
C(4) 0.093670 0.122177 0.766679 0.4433
C(5) 0.523616 0.120318 4.351943 0.0000
GED PARAMETER 0.896632 0.100608 8.912140 0.0000
R-squared -0.030636 Mean dependent var 0.232055
Adjusted R-squared -0.030636 S.D. dependent var 1.419455
S.E. of regression 1.441034 Akaike info criterion 3.019455
Sum squared resid 593.8020 Schwarz criterion 3.085960
Log likelihood -427.2918 Hannan-Quinn criter. 3.050117

Durbin-Watson stat 1.234369

GED
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Dependent Variable: REXCH

Method: ML ARCH - Student's t distribution (BFGS / Marquardt steps)
Date: 04/16/25 Time: 22:13

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments

Convergence achieved after 31 iterations

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

GARCH = C(2) + C(3)"RESID(-1)*2 + C(4)*RESID(-1)"2*(RESID(-1)<0)

Variable Coefficient ~ Std. Error  z-Statistic  Prob.
c 0.080212  0.048964  1.638202 0.1014
Variance Equation

c 1124998 0.636180  1.768365  0.0770
RESID(-1)"2 1458042  0.937143  1.555836  0.1197
RESID(-1)*2*(RESID(-1)<0) -0.552807  0.725148 -0.762337  0.4459
T-DIST. DOF 2685206 0597101  4.497069  0.0000
R-squared -0.011483 Mean dependent var 0.232055
Adjusted R-squared -0.011483 S.D. dependent var 1.419455
S.E. of regression 1.427582  Akaike info criterion 3.034840
Sum squared resid 582.8651 Schwarz criterion 3.098594
Log likelihood -430.4995 Hannan-Quinn criter. 3.060392

Durbin-Watson stat 1.257743

Student’s t

Dependent Variable: REXCH

Dependent Variable: REXCH

Method: ML ARCH - Normal distribution (BFGS / Marquardt steps)
Date: 04/16/25 Time: 22:10

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments

Convergence achieved after 19 iterations

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

GARCH =C(2) + C(3)"RESID(-1)"2 + C(4)*RESID(-1*2*(RESID(-1)<0)

Variable Coefficient ~ Std. Error ~ z-Stafistic  Prob.
C 0.046591  0.066184  0.703957 04815
Variance Equation
C 0.764083  0.064921  11.76952  0.0000
RESID(-1)"2 1.068580  0.151469  7.054852  0.0000
RESID(-1)*2"(RESID(-1)<0) -0.349645  0.206664 -1.691853  0.0907
R-squared -0.017131  Mean dependent var 0.232055
Adjusted R-squared -0.017131  S.D. dependent var 1.419455
S.E. of regression 1.431562  Akaike info criterion 3.251280
Sum squared resid 586.1199  Schwarz criterion 3.302283
Log likelihcod -462.5586  Hannan-Quinn criter. 3271721
Durbin-Watson stat 1.250758
Normal

Method: ML ARCH - Generalized error distribution (GED) (BFGS /

Marquardt steps)
Date: 04/16/25 Time: 22:15

Sample (adjusted): 2000M02 2023M12
Included observations: 287 after adjustments

Convergence achieved after 36 iterations

Coefficient covariance computed using outer product of gradients
Presample variance: backcast (parameter = 0.7)
GARCH = C(2) + C(3)"RESID(-1)*2 + C(4)"RESID(-1)"2*(RESID(-1)<0)

Variable Coefficient Std. Error  z-Statistic Prob.
C -0.004519 0.038225 -0.118225 0.9059
Variance Equation

c 0.752921 0.152639 4.932686 0.0000
RESID(-1)"2 1.030236 0.360432 2.858338 0.0043
RESID(-1)*2*(RESID(-1)<0) -0.310396 0.476624 -0.651238 0.5149
GED PARAMETER 0.883954 0.096365 9.173015 0.0000
R-squared -0.027875 Mean dependent var 0.232055
Adjusted R-squared -0.027875 S.D. dependent var 1.419455
S.E. of regression 1.439102 Akaike info criterion 3.033311
Sum squared resid 592.3106 Schwarz criterion 3.097066
Log likelihood -430.2802 Hannan-Quinn criter. 3.058863

Durbin-Watson stat 1.237686

GED
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Dependent Variable: REXCH

Method: ML ARCH - Student's t distribution (BFGS / Marquardt steps)
Date: 04/16/25 Time: 22:22

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments

Convergence achieved after 63 iterations

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

GARGH = G(2) + C(3)"RESID(-1)'2 + C(4)*RESID(-1)"2*(RESID(-1}<0) +

C(5)*GARCH(-1)

Variable Coefficient  Std. Error  z-Statistic Prob.
c 0.070008  0.047792  1.464833  0.1430
Variance Equation

c 0.668422  0.352546  1.895987  0.0580
RESID(-1)*2 1193213 0.679023  1.757249  0.0789
RESID(-1)"2*(RESID(-1)<0) -0.392279  0.548771 -0.714831  0.4747
GARCH(-1) 0213451  0.113678  1.877677  0.0604
T-DIST. DOF 2.745027  0.590028  4.652369  0.0000
R-squared -0.013079  Mean dependent var 0.232055
Adjusted R-squared -0.013079  S.D. dependent var 1.419455
S.E. of regression 1428707 Akaike info criterion 3.036645
Sum squared resid 583.7844  Schwarz criterion 3.113150
Log likelihood -429.7586  Hannan-Quinn criter. 3.067307

Durbin-Watson stat 1.255762

Student’s t

Dependent Variable: REXCH
Method: ML ARCH - Generalized error distribution (GED) (BFGS /

Marquardt steps)

Date: 04/16/25 Time: 22:23
Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments
Convergence achieved after 55 iterations

Dependent Variable: REXCH

Methed: ML ARCH - Normal distribution (BFGS / Marquardt steps)

Date: 04/16/25 Time: 22:18

Sample (adjusted): 2000M02 2023M12
Included observations: 287 after adjustments

Convergence achieved after 32 iterations

Coefficient covariance computed using outer product of gradients
Presample variance: backcast (parameter = 0.7)
GARCH = C(2) + C(3)"RESID(-1)"2 + C(4)*RESID(-1)*2*(RESID(-1)<0) +

C(5)"GARCH(-1)

Variable Coefficient ~ Std. Error  z-Statistic ~ Prob.
c 0.039763  0.065023  0.511511  0.5409
Variance Equation
c 0.790008  0.075751  10.42894  0.0000
RESID(-1)*2 1.071787  0.152509  7.027743  0.0000
RESID(-1)"2*(RESID(-1)<0) -0.347035  0.207878 -1.669414  0.0950
GARCH(-1) -0.013073  0.018243 -0.716635  0.4736
R-squared -0.018416 Mean dependent var 0.232055
Adjusted R-squared -0.018416  S.D. dependent var 1.419455
S.E. of regression 1.432466 Akaike info criterion 3.257666
Sum squared resid 586.8602 Schwarz criterion 3.321420
Log likelihood -462.4750 Hannan-Quinn criter. 3.283217
Durbin-Watson stat 1.249181
Normal

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

GARCH = C(2) + C(3)*RESID(-1)*2 + C(4)*RESID(-1)*2*(RESID(-1)<0) +

C(5)"GARCH(-1)

Variable Coefficient ~ Std. Error  z-Statistic Prob.

Cc -0.015%62  0.036784 -0.433939  0.6643
Variance Equation

Cc 0.534350  0.164578  3.246790  0.0012
RESID(-1)*2 0.979245  0.339442  2.884871 0.0039
RESID(-1)*2*(RESID(-1)<0) -0.291969 0435126 -0.670899  0.5022
GARCH(-1) 0.146381 0.112083  1.305898  0.1916
GED PARAMETER 0.872288  0.093505  9.328868  0.0000
R-squared -0.030636 Mean dependent var 0.232055
Adjusted R-squared -0.030636 S.D. dependent var 1.419455
S.E. of regression 1.441034 Akaike info criterion 3.037114
Sum squared resid 593.9020 Schwarz criterion 3.113618
Log likelihood -429.8258 Hannan-Quinn criter. 3.067775

Durbin-Watson stat

1.234369

GED
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Dependent Variable: REXCH

Method: ML ARCH - Student's t distribution (BFGS / Marquardt steps)

Date: 04/16/25 Time: 22:28

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments

Failure to improve likelihood (non-zero gradients) after 78 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)

@SQRT(GARCH)"C(6) = CG(2) + C(3)"(ABS(RESID(-1)) - C(4)*RESID(
-1)*C(6) + C(5)"@SQRT(GARCH(-1))*C(6)

Dependent Variable: REXCH

Methed: ML ARCH - Normal distribution (BFGS / Marquardt steps)
Date: 04/16/25 Time: 22:27

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments

Convergence achieved after 45 iterations

Coefficient covariance computed using outer product of gradients
Presample variance: backcast (parameter = 0.7)
@SQRT(GARCH)"C(6) = C(2) + C(3)*(ABS(RESID(-1)) - C(4)"RESID(

Variable Coefficient  Std. Error  z-Statistic Prob.
c 0.034431 0.000546 63.04874 0.0000
Variance Equation

C(2) 0.180162 0.059094 3.048755 0.0023
C(3) 0.228470 0.054275 4.209497 0.0000
C(4) -0.065538 0.186403  -0.351596 0.7251
C(5) 0.603356 0.080548 7.490646 0.0000
C(5) 0.040849 0.097569 0.418674 0.6755
T-DIST. DOF 2.753603 0.512627 5.371556 0.0000
R-squared -0.018451 Mean dependent var 0.232055
Adjusted R-squared -0.019451 S.D. dependent var 1.419455
S.E. of regression 1.433194  Akaike info criterion 3.012997
Sum squared resid 587.4568 Schwarz criterion 3.102253
Log likelihoed -425.3651 Hannan-Quinn criter. 3.048769

Durbin-Watson stat 1.247912

Student’s t

Dependent Variable: REXCH
Method: ML ARCH - Generalized error distribution (GED) (BFGS /

Marquardt steps)

Date: 04/16/25 Time: 22:29

Sample (adjusted): 2000M02 2023M12

Included observations: 287 after adjustments

Convergence achieved after 70 iterations

Coefficient covariance computed using outer product of gradients

Presample variance: backcast (parameter = 0.7)

@SQRT(GARCH)'C(8) = C(2) + C(3)"(ABS(RESID(-1)) - C(4)*"RESID(
-1))"C(B) + C(5)"@SQRT(GARCH(-1))*C(8)

-1)!"C(6) + C(5)"@SQRT(GARCH(-1))C(6)

Variable Coefficient ~ Std. Error  z-Statistic Prob.
c 0.038197  0.058010  0.658457  0.5102
Variance Equation
C(2) 0.730772  0.08646S  8.451278  0.0000
C(3) 0.758679  0.121654 6236348  0.0000
C(4) -0.103843  0.060601 -1.713552  0.0866
C(5) 0.023429  0.051510  0.454840  0.6492
C(6) 1509118  0.394169  3.828610  0.0001
R-squared -0.018717 Mean dependent var 0.232055
Adjusted R-squared -0.018717  S.D. dependent var 1.419455
S.E. of regression 1.432678 Akaike info criterion 3.264849
Sum squared resid 587.0337 Schwarz criterion 3.341354
Log likelihood -462.5058 Hannan-Quinn criter. 3.295511
Durbin-Watson stat 1.248811
Normal

Variable Coefficient Std. Error z-Statistic Prob.
C -0.015962 0.030672  -0.520399 0.6028
Variance Equation

C(2) 0.264632 0.096562 2.740557 0.0061
C(3) 0.423742 0.123612 3.428004 0.0006
C(4) -0.012334 0.174490 -0.070687 0.9436
C(5) 0.483019 0.116563 4.143857 0.0000
C(8) 0.651536 0.405746 1.605772 0.1083
GED PARAMETER 0.849912 0.087153 9.751908 0.0000
R-squared -0.030636 Mean dependent var 0.232055
Adjusted R-squared -0.030636 S.D. dependent var 1.419455
S.E. of regression 1.441034  Akaike info criterion 3.034602
Sum squared resid 593.9020 Schwarz criterion 3.123857
Log likelihood -428.4653 Hannan-Quinn criter. 3.070374

Durbin-Watson stat 1.234368

GED
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Abstract

This study aims to model the fluctuations of the Algerian Dinar exchange rate
against the US Dollar over the period from January 2000 to December 2023.

The descriptive method was adopted by reviewing the literature on exchange rates,
including their definitions, types, and influencing factors. The historical method was
also employed to trace the evolution of the exchange rate in Algeria from

independence up to the end of the study period. On the empirical side, the

experimental method was used by applying statistical techniques and econometric
tests based on ARCH and GARCH models, with the most appropriate model selected
according to statistical criteria. Additionally, the analytical method was used to
examine exchange rate fluctuations based on the monthly time series of the Algerian
Dinar to US Dollar exchange rate.

The study used the exchange rate as the main variable and relied on ARCH-GARCH
models to model and analyze its volatility.

The results indicated that the ARCH(1) model with GED distribution is the most
suitable for capturing the dynamics of exchange rate fluctuations, as it provided
accurate variance estimates and better stability compared to other models.
Furthermore, the model proved effective in capturing shocks, highlighting its
efficiency in analyzing and forecasting financial volatility.

Keywords: Exchange Rate , Volatility , ARCH-GARCH Modols.




