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Abstract Keywords
The research paper aims to study the modeling of the volatility of the exchange rate of the exchange
Algerian dinar against the euro during the period from January 2012 to December 2019 using  rate ; ARIMA
ARIMA models. models ; Box-
As for the practical side, we relied on the Box-Jenkins methodology, which concluded, Jenkens ;
through a comparison between models and based on several criteria, that the best model that Algerian

can represent the time series of the exchange rate of the Algerian dinar against the euro is the economy .
ARIMA (0,1,1) model.
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P Jpanll 8 e sa LS liaal = 3gail 13 oy LOGMV Ll dei ST,
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Dbl zigalll 1(04) a8, Jgaa
Dependent Variable: DEDO
Method: ARMA Maximum Likelihood (OPG - BHHH)
Date: 08/04/21 Time: 19:19
Sample: 2012M02 2019M12
Included observations: 95
Convergence achieved after 51 iterations
Coefficient covariance computed using outer product of gradients

Variable Coefficient Std. Error t-Statistic Prob.
MAL1) -0.771873 0.052299 -14.75890 0.0000

SIGMASC 133.6599 3638560 36.73427 0.0000
R-squared 0.382287 Mean dependent var 0.285809
Adjusted R-squared 0375645 S.D. dependentwvar 14. 78785
S.E. of regression 11.68479  Akaike info criterion T.784815
Sum squared resid 12687.69 Schwarz criterion T.838521
Log likelihood -367.7787 Hannan-CQuinn criter. 7.806541
Durbin-Watson stat 2028864
Inverted MA Roots N

EViews 10 zaliyn clajia o lely Gdiald) dlac) 2 jiaal)
Agginall Al Cum MA(L) 58 zisai unl lang Lde (omnial) 3Ll e 8l 35l DA (o
13) «Student lasl Jleaiuly 1385 1% dysine gsiue vie Joiie MA(L) dalae (b z3saill alladd 4004l
) g e (S - bl
DEDQ=-0.19%, , +¢,

a5 «(Fitted) 3ys8alls (Actual) dlal! dluludl (s el daadle Wikey Jhaill DA e 1 Bleall Dada
sl LAY (55 WS g paall dlulul) lily e MA(L) Loial z3gall j dyaal Gae oo 388 lghany L
L aitie A8 Jlae Jaly )l ALl

(Ui JLaa) Ay paal) Alududl Adadl) 2y Alsd) Audu 1(05) a8y Jei

120
I 80
a0
Lo
L -40
40 - --80
Bpasppags - -120
o
40 4
,80_
=120 T e
2012 2013 2014 2015 2016 2017 2018 2019
| —— Residual Actual Fitted |

EViews 10 galiy cilajia o lely cfialil) dlac) : jdaal)
il gl Gaidie S0l Aladud)l o pdinds 28] Jlas z)ls o dlle Al @bk (2012 b L
bRl gy (o calall Japdll Guiladll axe sl agag o Wl Dse Lol 5% dsll) sy e il
zasall AARCH il agas lodl d 26adU) sgladll Jan Cogu Sl 2 35aill 8 (ARCH-GARCH) 4lile
PAL Al g gz dgail) Ay i) Ay =
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Jil Legitlishas 4yl 5300 Jals ads MA(L) @haial) Jaugll of Laadls (06) &) JSall P (e
Clill LB 8 MA(L) ziselll ol il LUEN e Wi fiue MAL) zisealll gl il 1
il L e oz 3gad & MA(L) Ayl o byspaall of sl Li€ay adde 5 ey parilly

LBl ABLB g 3 gadl) Ay i) Al 1(06) A8 J<i
Inverse Roots of AR/MA Polynomial(s)

MA roots

0.5 -

—1 .0

-1.5 T T T T T
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

EViews 10 gzl Glajia o loly Gdiald) dlac) @ juaal)
A Le il adinal) 7 3gadl) Ladla andi 14ay))l) Alda jal)
fernbl sl HLaal g8 A ey (Al Sl SLEAYVL o i s jall 38
T L e o Blgll L) jLasy) e
uﬁb.\ﬂ il “,3\33\ Jlg ) A :(07) ady JS&

AR LR G LR S S S

Drate: 08/04/21 Time: 20:21

Sample: 201201 2019M12

Included observations: 95

Q-statistic probabilities adjusted for 1 ARMA term

Autocorrelation FPartial Correlation ~c PAC Q-Stat Prob

1 -0.029 -0029 008329

2 -0.027 -0.0z28 0.1576 0691

2 -0.0232 -0.025 02105 0. 900

4 0.011 0.009 0.z2221 0974

' S 0.016 0.015 0.2470 0993

1 (=1 o011 o012 02602 0. 998

1 7 -0.011 -0.009 0.2728 1.000

1 a8 O 008 0. 007 02767 1000

1 2 -0.033 -0.033 0.2930 1.000

[= (= 10 -0.082 -0.085 1.1231 0.999

o o 11 0096 -0 105 214286 0. 995

q [ = 12 -0.064 -0.079 2.5908 0.995

[ g 12 -0.051 -0.068 28810 0. 996

1 14 -0.033 -0.048 3.0051 0.998

15 -0.028 -0.0326 3 0958 0. 999

16 -0.028 0024 31905 0. 999

1¥ -0.035 -0.0471 3.3322 -1.000

18 -0.028 -0037 3 4231 1000

19 -0.019 -0.034 34665 1.000

20 -0.010 00324 34777 1000

21 0.010 -0.021 2.4907 1.000

22 0.037 0.004 36651 -1.000

23 0035 0. 006 2. 8191 1000

24 0.0328 0.0174 4.0029 1.000

25 o021 0. 002 4 0635 1000

opo 1 1 26 0.058 0.0z22 4.42232 1.000

2¥ 0.031 0074 46108 71.000

ropo ropo 28 0059 0044 50972 1.000

opo opo 29 0.052 0.044 54893 1.000

1 1 1 20 0020 0014 55464 1,000

31 o.018 0.016 5.5933 1.000

32 0.033 0.037 5.7493 1.000

EViews 10 gebiy clajie o lely cfiald) dlac) 1 jiaal)
h=32 Glsadl) Jal Ge dysunall S Llsy¥) cDlebes o ¢ lsll 330 Lalay¥) dlla DA e Jaadls
sS Al 3 2Ky ¢ Bl Aluda e 5503 dga aie in Laa( AEN Jlae JA1 g) Fagira Lisina LIS
(o5 -Q-Stat asenll b 5aY) dall Gia HLEAY) 1agd 4 suaad) Ailanyly Ljung-Box Llas) sl e
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S dgas pany LAYy Y05 Ausine (ssivar Aasnall dpajill Job iy dbbian) o3g] (33l Jlanl) Sl
sl sy Gaa S0 L)) g e il #3saill (S5 Al e
Gils Cun Y ol cloan Bisd e Hle Gl of b A HLEAY) 13 Jestius (Liung-Box ,Lsd) =
rsl Q-Stat asanll 8 4ad ATLB V) dglias)
e s AU ol o Sally aal dmd 5 Xoomes sl diflasy) e Jf LB=5.74 dilasy) Ul
R T
Nl k) gl emds g sd) of Ja Ay HLaaY) 1aa DA 4 1 adall ajel jLad) =

Alol) Ladad abal) 2353 :(08) 28, (e

40
Series: Residuals
36+ [ 1l Sample 2012M02 2019M12
™ Observations 95
30
Mean 1.355409
=21 Median 0.813957
il Maximum 23.41197
Minimum -100.0873
15 Std. Dev. 11.54232
Skewness -7.094685
10 4 Kurtosis 64.39986
5 Jarque-Bera 15719.65
Probability 0.000000
D) T B o T

T EVieWs 10 gy lasie e el ciald) Sie) £ psnd)

Jarque-Berra Ll fpxies of WSy 138 Jal (e
Jarque- 4 4 gaal) dadll G 256G @lldg (Hy orab ae Iy Bl dluli) adall daiajp yiids
T2 ) Berra

5% Aysina e i (sl candall 2y dll) sl Ampde (il 4
zila i 0S8 o S eyl Glisli o Hle el ol Ji ) deagiall G A oy
ARCH z3sat atit Al of e STy clad 5 Ll a1 Ll Layyss BB Y 35 oY (ARCH

tole Jiani ARCH iy sl el ilal) sas )l a2dis dade (e
Blsad) el sally A Bl A :(09) A8, s

I AR LR R e A AN g S

Date: 08/04/21 Time: 20:26
Sample: 2012M01 2019M12
Included cobservations: 95

Autocorrelation Partial Correlation Lt PAaC O-Stat Prob
' g ' g 1 O 042 O 042 oO172= 0678
1 1 =2 o.0Z22 0,020 0.2189 0.895
3 O 007 O 005 02228 0. 974
4 —0.007F 0002 0.2290 O.994
S —0.0717 -0.070 0.2409 0.999
& -0012 0012 02592 1000
¥ -0.0714 -0.012 02785 -1.000
8 0015 0013 O 32012 1 .000
2 -0.012 -0.011 0.3189 1.000
10 O 000 O 002 0. 3189 1. 000
11 o 001 o o001 0.2190 1000
12 -0.0032 -0.004 0.3202 -1.000
12 -0 004 -0 004 0. 3220 1. 000
14 -0.004 -0.005 o.3241 “1.000
15 -0 004 -0 004 032682 1. 000
18 —0.004 —0.004 o.2225 1.000
1F¥ -0.004 -0.004 0.3305 1.000
182 0005 -0.004 0.2220 1000
19 -0.005 -0.005 0.3359 -1.000

-0 005 -0 005 0. 32289 1 .000
-0.005 -0.005 0.3419 1.000
—0. 004 -0 004 O 3444 1. 000
-0 005 -0.005 0.2476 1000
—-0.005 -0.005 0.3509 -1.000
—0 005 -0 005 0. 3545 1. 000
-0.005 -0.005 0.3573 “1.000
-0 005 0005 03612 1. 000
—0. 005 -0.005 0.2649 1.000
—-0.005 -0.005 0.3690 71.000
-0 004 -0 004 0327132 1000
-0.004 -0.004 03737 -1.000
22 0005 0005 O.3774 1 .000

K
B

WWNKNRNRNNNRNRN
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EViews 10 gy clajia o loly Gbiald) alae) 2 jiaal)
zisall il dpas ae e Juy lee A8 Jlae a2l dpag Vo4l LaadU Dlel Jial DA (e
Alan) il s 085 Caga 13gls dad o)l DA (e dgle oS3 (o L€y Y 43) 56 ARCH
ARCH EFFECT _lidl 1duald)) 4la yal)
: S ((Hp iz dsaill 8 ARCH Ll asns V) dpanal) Al LaaY (5yay Hlaay)
(ARCH TEST) (bl Gadlad ase L) gilii 1(05) a8, Jgaa

Heteroskedasticity Test: ARCH

F-statistic 0162021 Prob. F(1,92) 06882
Ons*R-squared 0165252 Prob. Chi-Square(1) D 6844

Test Equation:

Dependent Variable: RESIDM2

Method: Least Squares

Date: 08/04/21 Time: 20024

Sample (adjusted): 2012M03 2019M12
Included observations: 94 after adjustments

Variable Coeflicient Std. Error t-Statistic Prob
C 128.3552 107.9332 1.198474 0.2338
RESID*2(-1) 0.041229 0.1041686 0402518 0.6882
R-sqguared 0.001758 Mean dependentvar 135.0189
Adjusted R-squared -0.009092 S.0D. dependentwvar 1032.836
S.E. of regression 1037.521  Akaike info criterion 16. 74810
Sum squared resid 99033356 Schwarz criterion 16.80222
Log likelihood 7851608 Hannan-Quinn criter. 16. 76996
F-statistic 0.162021 Durbin-\Watson stat 2001674
Prob(F-statistic) 0.688237

EViews 10 zliy clajie e lely ofiald) dlae) ; jiaal)
leied izl 38 OBS R-Squared selas) dad of W iy odef Jsaadl (8 ARCH las) mils A (g
e o0=01 Lgadl s e Sl dadl oda ) Ly « p—value=0.6844 idlaal iag, 0.1652
) il dagpiiall e (SISt L0 dgas atey aSall 5 hes cdperall A il Jodls Al A il (o)
.z3sall 3 (ARCH alie
w9 ES Y

DB () k5 ¢ gyl dlie (gyibadl Hluall Cipall jr dadai b o (Al Al Liuhs DA (e
@l il Gl jrd (Sball el Jidaty Ll GlliS adilh gy e lie DA e Cipeall jad gkl
sl Jalia

13 PA e ,AY) 138 Jalie s (Box-Jenkens) JiSia — (S5 dngie e duhal) 8 Ladiel
5l oyl EViEWS10 geliyy Dlaial Ly o iy dadiiiy 7 3 gaill

Schwarz s Akaike glxe Je AdeYL ARIMA 73l dadiye dnaly) foa sae Cujaty Liad Lo aayg
Agie)l) Alulll Ji Juzmdl acl 3 (ARIMA (0,1,1) 58 zisad Juzmdl 1) DA (0 Wlia g oSy L Ji
alatiud ane s Gl Lle a3 Y1 ¢ o) Alule 3 ARCH lial 5T asmg ane of ¥) ccipall el
A dia3l) Judld) 8 dale 330 0383 ARCH 3l

D ¢ uSia S Amgial 5l g Al Alajally alil) adiis VWl W st s3a JDA (g
cerbll 25l aga aded
Al cluagiy el 8
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sl o daadl 13 pe o5l Wby 0 clali@) syl WSy clal) daasiall gl DA o
s Sul
52 ARIMA z3las 35 ¢ jilall 3 cOlalaall (o g 151 0 slalaty o) cpolady) e o i
el cad) e gysll Jilie (il Ul sl e
séual) 30
Al el e Sidie Jlasdl 138 e 350 WiSay Legle Wlass 3 i) ¢ o e
¢(ARCH & GARCH ) z i alasiuly jilall & adal) Copall e ol 4l dadei -
ladll pe dadalll Ol aladiul Hal) 8 Jg i) e LS s -
& Adpadl LI @l e gal) dlead duadlly glall bl Cipall e s 5V Auld s -
A
e Y (ialegd). VI
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Gl i e ey o ) Vsl Qilie Hlall Capn e bl 1 (2017) LAl dmsl) a5 oJish Jslay .8

(B)luylly rpaall Cidlso dlaa (yaal cc_iad ¢ Hsdl of asls) .2014_2000 85ll dpuls Aas Ay = il

5olead Agiadl Hmylad) Aplaall Vol e lagly Nsdlls s yall Copeall s <l Al (2013) Lol dasy .9

il Gl agle . 138-139 « i Lol

z3sad alaiuly (2018-1962) 55l DA dgpeaall oyl e Cipall jrus cllis 51 085 .(2020) symee sl alin 110
()6 edplo¥ly Lallad Egmlly olushyall Lualed) daall (L yaal esylall 4K) L (ARDL) dejsall culidaliiall 3130 lansY)

@l VI

Monthly EDO Ahal) cldara 1(01) Ad) (galal

2012M01 | 105,7933 | 2014M09 104,836 2017M05 120,32
2012M02 | 102,7223 | 2014M10 | 105,8203 | 2017MO06 | 121,7398
2012M03 | 100,8745 | 2014M11 | 105,8137 | 2017MO7 | 125,0415
2012M04 | 102,0503 | 2014M12 | 107,2148 | 2017M08 | 129,2818
2012M05 | 101,0924 | 2015M01 | 103,7936 | 2017MO09 | 132,8672
2012M06 | 100,4728 | 2015M02 | 106,7693 | 2017M10 | 134,0158
2012M07 | 101,0935 | 2015M03 | 104,5653 | 2017M11 | 134,8636
2012M08 | 102,1551 | 2015M04 105,77 2017M12 | 136,3679
2012M09 | 102,5195 | 2015MO05 | 109,6907 | 2018MO01 | 139,2468
2012M10 | 102,7521 | 2015M06 | 110,5029 | 2018M02 | 140,6867
2012M11 1,9232 2015M07 | 109,5572 | 2018M03 | 140,6503
2012M12 | 102,5174 | 2015M08 | 115,2582 | 2018MO04 | 140,2924
2013M01 103,549 2015M09 | 119,1244 | 2018MO05 | 137,2141
2013M02 | 104,0254 | 2015M10 | 119,0729 | 2018MO06 | 136,6277
2013M03 | 102,0821 | 2015M11 | 115,8187 | 2018MO0O7 | 137,4622
2013M04 | 102,3012 | 2015M12 | 116,7436 | 2018MO08 136,697
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2013M05

102,4911

2016M01

116,7193

2018M09

137,5762

2013M06

103,9294

2016M02

118,2573

2018M10

136,3601

2013M07

103,8805

2016M03

121,6899

2018M11

134,8318

2013MO08

106,9176

2016M04

123,2917

2018M12

134,9261

2013M09

108,9135

2016MO05

124,1525

2019M01

135,1788

2013M10

110,9536

2016MO06

123,7817

2019M02

134,667

2013M11

108,3847

2016M07

122,3857

2019M03

134,5572

2013M12

107,6492

2016M08

122,6993

2019M04

134,1687

2014M01

106,3946

2016MO09

122,5744

2019M05

133,8299

2014M02

106,4144

2016M10

121,5219

2019M06

134,4935

2014M03

107,3107

2016M11

119,5893

2019M07

133,9326

2014M04

108,5834

2016M12

116,993

2019M08

133,3035

2014M05

108,311

2017M01

116,958

2019M09

132,3799

2014M06

107,82

2017M02

116,9841

2019M10

132,566

2014M07

107,6819

2017M03

117,4223

2019M11

132,5693

2014M08

106,5767

2017M04

117,8136

2019M12

132,9452

Oiball el 1 juaadl

EDO Aulodl ADF JLST g 1(02) 48, gl

EDO lial 3 (03)J saal

(4) z3sall

EDO _lsal i (02)d 2l
(5) z el

EDO sl i :(01)Jsaall
(6) zisal

WOTHYPOMESTS  EDUTIES 3 Unmroor
Exogenous: Nong

Lag Length: 0 (Automatic - based on SIC, maxlag=11)

NullHypothesis: EDO has a unit root
Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=11)

TV FYpOMEsTs. DU Tvas @ U raar
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=11)

tStatistic  Prob* t-Statistic ~ Prob* tStatistic  Prob*
Augmented Dickey-Fuller test statistic 414002 0537 Augmente Dickey Fullertest satisti 4402385 00005 Augmentad Dicke-Fullerfeststalisic 861752200000
Test critical values: 1% level 2580531 Testeitical values 1t level -3.500669 Testoiical values Thlewel 4057528
5% level 1944248 5% level 2892300 S level 2457808
10% level 1514510 10% level 2583192 0% el 154859
“Mackinnon (1995) one-sided prialies “MacKinnon (1896} one-sided p-values MacKinnon (1996) one-sided p-values.
I : Augmented Dickey-Fuller Test Equation
Augmented Dickey-Fuller Test Equation Augmented Dickey-Fuller Test Equafion Dependent Variable: D(EDQ)
. Dependent Variable: DEDO)
Dependent Variable: D(EDO) . Method: Least Squares
Wethod: Least Squares
Wethod: Least Squares ’ Date: 07/30/21 Time: 21:31
Date: 07/30121 Time: 21:31
Date: 07/30i21 Time: 21:32 Sample (adjusted). 2012M02 2018M12
Sample (adjusted): 2012402 2019M12 Included obsenations: 95 after adjustments
ISBT‘TTEWG(BSJUSN?) Emgzgmg ZULWF " Included observations: 95 after adjustments -
ncluded observations: 95 afier adjustments
! Variable Coefficient  Std. Eror  t-Sfatistic  Prob.
Variable Coefficient ~ Std.Eor  FStatistic  Prob,
Variable Coefficient ~ Std Eror  t-Sfatistc ~ Prob. ED0r1) 0888053 0403155 &617522 00000
EDO(1) 0347180 0.078352 4402385  0.0000 pa 8260605 0845603 R392178 00000
EDO(1) Q005316 0012640 0414002 06798 c 08291 93723 4383977 00000 @IREND(2012001") 0443925 0061E3 6752303 00000
R-squared 0001443 Mean dependent var 0.285809 R-sguared 0172458 Mean dependentvar 0.285809 R-squared 0446676 Mean dependent var 0.285809
Adjusted R-squared 0001443 SD. dependentvar 1478785 Adusted R-squared 0.163560  S.D. dependentvar 1478785 Adjusted R-squared 0434647 5.D. dependentvar 1478785
SE. of regression 1477717 Akaike info criterion 8234515 SE. of regression 1352454 Akaike info crterion 3067716 S.E. of regression 1111297 Akaike info crilerion 7.686252
Sum squared resid 2052620 Schwarz criterion 8261398 Sum squared resid 17010.92 - Schwarz criterion 8121482 Sum squared resid 1137410 Schwarz criterion 7.766901
Log likelinood -390.1395 Hannan-Quinncrier.  8.246378 Logikelihood -381.2185  Hannan-Quinn citer.  8.089442 Log likelinood 3620970 Hannan-Quinn criter.  7.718841
Durbin-Watson stat 9959740 F-statisfic 1938100 Durbin-Watson stat 2439427 F-statistic 3713396 Durbin-Watson stat 2023777
Prob(F-statistic) 0.000029 Prob(F-statistic) 0.000000

DEDO ksl z3is:(06)d saal

(4) z3sall

DEDO il 7t (05)d gas

(5) zasaill

DEDO lua) it (04)J ssal)
(6) isall
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NOTHYpOmNESTs EDUNES aUnimroor
Exogenous: Nong
Lag Length: 0 (Automatic - based on SIC, maxlag=11)

T HyROMESTS:, DIEDU] Tas @ Umraat
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=11)

WU HyPOMESTs: DIEDU a5 @ UN oot
Exogenous: Constant Linear Trend
Lag Length: 0 (Autematic - based on SIC, madag=11)

t-Statistic Prob.*
Augmented Dickey-Fuller test stafisfic 05317
Test critical values: 1% level
5% level
10% level -1.614510

*MacKinnon (1998) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(EDO)

Method: Least Squares

Date: 07/30121 Time: 2132

Sample (adjusted)y 2012M02 2019012
Included obsenvations: 95 after adjustments

Variable Coefficient  Std Error  t-Statistic  Prob.

EDO(-1) -0005316 0012840 -0.414002 06798
R-squared 0.001443  Mean dependent var 0.285809
Adjusted R-squared 0.001443 3.D. dependent var 1478785
SE. of regression 1477717 Akaike info criterion 8234515
Sum squared resid 20526.29 Schwarz criterion 8261398
Log likelihood -390.1385  Hannan-Quinn criter. 8245373
Durbin-Watson stat 2959740

T-Statistic Prob® Hetatistic Prop?

Augmented Dickey-Fuller test statistic -16.31241  0.0001 Augmented Dickey-Fuller test stalistic -16.22380  0.0000
Test critical values 1% level -3501445 Test citical values: 1% level -4.058619
5% level -2892536 5% level -3458326
10% level -2583371 10% level -3.155161

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

Augmented Dickey-Fuller Test Equation
Dependent Variable: DEDO,2)

Method: Least Squares

Date: 07/30/21 Time: 21:33

Sample (adjusted): 2012M03 2019012
Included observations: 94 after adjustments

Variable Coefficient  Std. Error  t-Statistic  Prob.
D(EDO(-1)) -1485803  0.091080 -16.31241  0.0000
C 0459927 1347270 0341377 07336
R-squared 0.743085 Mean dependent var 0.036669
Adjusted R-squared 0740292 S.D. dependentvar 2562687
S.E. of regression 13.05985  Akaike info criterion 7.998009
Sum squared resid 1569148 Schwarz criterion 8052121
Log likelihood -373.9064 Hannan-Quinn criter. 8.019866
F-statistic 266.0948  Durbin-Watson stat 2.303659
Prob(F-statistic) 0.000000

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

Augmented Dickey-Fuller Test Equation
Dependent Variable: D{EDO 2)

Method: Least Squares

Date: 07/30/21 Time: 21:33

Sample (adjusted): 2012103 2018012
Included observations: 94 after adjusiments

Variable Coefficient ~ Std Eror  t3tatistic ~ Prob
D(EDO(-1)) -1485923 0091583 1622380  0.0000
c 0328979 2773392 0118594 09059
@TREND(2012M017)  0.002700 0049916  0.054004 (09570
R-squared 0.743093  Mean dependent var 0.036669
Adjusted R-squared 0.737447 S.D. dependentvar 25.62687
S.E ofregression 1313120  Akaike info criterion 8.019253
Sum squared resid 15690.98  Schwarz criterion 8.100422
Log likelihood -373.9049  Hannan-Quinn criter. 8.052040
F-statistic 1316069 Durbin-Watson stat 2.303690
ProbiF-statistic) 0.000000

EDO 4l PP JLi) @it :(02) a2, Galdl

EDO jlaa) zitix (03)Jsaal

(4) z3sall

EDO sl z3i(02)J saa

(5) zasal

EDO ,lial g 1(01)J saall

(6) zasall

U RYBOMESTs, EDU NEs 3 UMTTaot
Exogenous: None
Bandwidth: 84 (Newey-West automatic) using Bartiett kernel

T YD EDUTES FUmTTeor
Exogenous: Constant
Bandwidth: 4 (Newey-West automatic) using Bartiett kernel

U HYPOMESIS: EDO Nas a uni root
Exogenous: Constant, Linear Trend
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

AdjtStat  Prob* AdjtStat  Probs AdjtStat  Prop”
Phillips-Perron test statistic 0079484 0.7056 Phillips-Perron test statistic 4265840 0.0000 Phillips-Perron test statistic 8626022 0.0000
Test crifical valuss, 1% Tevel 2689531 Test crifical values: 1% leval 3500860 Test critical values 1% level ~4.057528
5% level 1.044248 5% level 2892200 5% level -3.457808
10% level 1614510 10% level 2583192 10% level -3.154859
“MacKinnon (1996) one-sided p-values. “MacKinnon (1998) one-sided pvalues *MacKinnen (1996) one-sided pvalues
Residual variance (no correction) 179.0623 Residual variance (no corection) 119.7274
Residual variance (no correction) 216.0663
HAC comected variance (Barfiett kemel) 5441888 HAC corrected variance (Bartlett kernel) 163.0115 HAC comected variance (Bartiett kernel) 1216613
¥ Phillips-Perron Test Equation
Philips-Perron Test Equation Phillips-Perron Test Equation Dep;‘demvg“able Dq(EDO)
: Dependent Variable: DEDO) g
Dependent Variable: D(EDO) Methon | sast Squares Method: Least Squares
Wethod: Least Squares Date: 07130121 Time: 21:38 Date: 07/30/21 Time: 21:34
Date: 07/30/21 Time: 21:36 Sample (adjusted) 2012102 2018M12 Sample (adjusted) 2012M02 201912
ﬁaﬂg:’d[zgfjﬁ,)u321532,?;2?!:‘;"2”9”‘5 Included ebservations: 95 after adjustments Included obsenvations: 95 after adjustments:
Variable Coefficient ~ Std.Emor  tStatistic  Prob.
Variabl Coeficient  Std. E t-Statisti Prob
Variable Cosficient  Sta.Emor  tStaistic  Prop ansee oeTeEn o el o
EDO(-1) 0288953 0103156 8617522  0.0000
EDO(-1) 0347180 0078862 -4.402386  0.0000
0 WO SImm A om0 | oG HOME fMES mm o
R-squared 0.001443  Mean dependent var 0285809 R-squared 0172458  Mean dependent var 0.285209
Adjusted R-squared 0001443 S.D. dependentvar 1478785 Adjusted R-squared 0163560 S.D. dependentvar 1478785 R wquares ey mean depenenvar Pt
SE of regression 1477717 Akaike info criterion 8234515 SE. of regression 1352454  Akaike info criterion 8.067716 ) oot el At
Sum squared resid 2052629 Schwarz criterion 8261398 Sum squared resid 1701002 Schwarz criterion 8121482 SE ofregression 13 naer Aaike info crter 7opooss
Log likelinood -380.1395 Hannan-Quinn criter. 8.245378 Log likelihood -3812165 Hannan-Quinn criter. 8.089442 Lo "k:"hwd 3620970 Hannan-Quinn criter. 7718841
Durbin-Watson stat 2959740 F-statistic 1938100 Durbin-Watson stat 2480427 it 3713308 Durbimivateon atat 2023777
Prob(F-statistic) 0.000028 Prob(F-statistic) 0.000000

DEDO sl 73 (06)d s2al

(4) z3sall

DEDO i) zitis(05)J saa
(5) z3sal

DEDO sl

it (04)J gaad
(6) zisaill
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T Ay DIEDU]TTES & UMmToor NGl HyE D{EDUJ TS 3 UnitrooT NUTHYPOMEsTs: DEDUYNEs @ Unit root
Exogenous: None Exogenous: Constant Exogenous: Constant, Linear Trend
Bandwidth: 75 (Newey-West automatic) using Bartlett kemel Bandwidth: 93 (Newey-West automatic) using Barllett kernel Bandwidth: 93 (Newey-West automatic) using Bartlett kernel
AdjtStat  Prob* AditStat  Prob* AdjtStat  Prop®
Phillips-Perron test statistic -34.24007  0.0000 Phillips-Perron test statistic 7116372 00001 Phillips-Perron test statistic 71.00928 00001
Test erifical values: 1% leval 2589795 Test critical values: 1% level 3501445 Test critical values: 1% Isvel 4058619
5% level 1944286 5% level 2892536 5% level -3.458328
10% level 1614487 10% level 2583371 10% level -3.155161
*Mackinnon (1996) one-sided p-values *Mackinnon (1996) ane-sided p-values, *MacKinnon (1996) ene-sided p-values
Residual variance (no correction) 1671421 Residual variance (no correction) 166.9307 Residual varianca (no correction) 166.9253
HAC corrected variance (Bartlett kernel) 2312432 HAC corrected variance (Bartlett kemel) 4807328 HAC corrected variance (Bartlett kernel) 4.856170
Phillips-Perron Test Equation Phillips-Perron Test Equation Phillips-Perron Test Equation
Dependent Variable: D{EDO,2) ﬁgm”ﬂﬂﬂ‘a\’sﬂ‘gaqnu‘:riﬁEDo 2) ﬁﬂezdimva(game D(EDO,2)
i Method: Least Squares
g:{2°§,f§,§§s$‘”;§} 2 Date: 07/30/21 Time: 21:38 Date: 07/30/21 Time: 21:37
Sample (adjusted): 2012103 2019M12 Sample (adjusted) 201203 2019412 Sample (adjusted): 2012M03 2019M12
Included abservations: 94 after adjustments Included abservations: 94 after adjusiments Included observations: 94 after adjusimenis
Variable Coeficient  Std.Emor  tStaistc  Prob Variable Coefficient _ Sto. Brror _ +Stalistic  Prob variable Coefficient  Std Emor _ i-Sfalistic  Prob
D(EDO(-1)) -1.485893 0091090  -16.31241 0.0000 D(EDO(-1)) -1485923 0091589 -16.22380  0.0000
D(EDO(-1)) -1485294 0090639 -16.38668  0.0000 c 0429927 1347270 0481377 07336 s ks
R-squared 0742759 Mean dependentvar 0.036659 Ew—— P ———— pysv—— @TREND('2012M017) 0002700 0049916  0.054094  0.9570
Adjusted R-squared 0742759 SD. dependentvar 2562687 AdUsted R-squared 01740292 S dependentuar 25 62687 = " 0743093 Mean dependent 0036000
SE. of regression 12.99767  Akaike info criterion 7.977998 sauare Mean dependent var
g SE ofregression 13.05985  Akaike info criterion 7.998009 Adjusted R-squared 0737447 5D dependentvar 25 62687
E“ml.i”‘“sre‘;'es‘d }5;1;533 a‘"wmg"e””” N .';'ggggg;' Sum squared resid 1569148  Schwarz criterion 8.052121 SE. of regression 1313120 Akaike info criterion 8019253
0g llkelinoo b annan-Quinn criter. Log likelinood -373.9064 Hannan-Quinn criter 8.019866 Sum squared resid 1569098 Schwarz criterion 8100422
Durbin-Watson staf 230870 Fstatistic 266.0948  Durbin-Watson stat 2303659 Log ikelinood 3739048 Hannan-Quinn criter 8.052040
Prob(F-statistic) 0.000000 F-statistic 1316069  Durbin-Watson stat 2303690
PrabiF-staistic) 0.000000

Agdad ) {ilgdial) Aiajl) Judlad) g ilai ypaS guils 1(04) oy 3alal

Tised pii Aagi 1(03) ad) Jgaad)
AR(2)

gised b dags 1(02) k) Jesad
AR(1)

T pa 45 (01) ad) Jeaad
MA(L)

Dependent Variable: DEDO

Method: ARMA Maximum Likelihood (OPG - BHHH)

Date: 08/04/21 Time: 19:20

Sample: 2012M02 2019112

Included observations: 95

Failure to improve objective (non-zero gradients) after 4 iterations
Coeflicient covariance computed using outer product of gradients

Dependent Variable: DEDO

Wethod: ARMA Maximum Likelihood (OPG - BHHH)

Date: 08/04/21 Time: 19:17

Sample: 20121102 2019112

Included observations: 95

Convergence achieved after 158 iterations

Coeflicient covariance computed using outer product of gradients

Dependent Variable: DEDO

Wethod: ARMA Maximum Likelihood (OPG - BHHH)

Date: 08/04/21 Time: 19:19

Sample: 2012M02 2019M12

Included observations: 95

Convergence achieved after 51 iterations

Cosfiicient covariance computed using outer product of gradients

Variable Coefiicient  Std Eror  tStatistic  Prob Variable Coefficient ~ Std.Eror  tStafistic ~ Prob Variable Coefficient  Std Emor  +Stafistic  Prob
AR(2) -0.001393 1794566  -0.000776  0.9994 AR(1) -0.460488  0.022687 -20.99409  0.0000 MA(1) 0771873 0052299 1475890  0.0000
SIGMASQ 216.4598  6.625698  32.86974  0.0000 SIGMASQ 1654641 5139110 3219703 0.0000 SIGHASQ 1326500 3638560 2673427 0.0000
R-squared -0.000375  Mean dependentvar 0.285809 R-squared 0235303 Mean dependentvar 0283809 | R.gquared 0382287 Mean dependentvar 0285809
Adjusted R-squared -0.011132  S.D. dependentvar 1478785 Adjusted R-squared 0227080 S.D. dependentvar 1478785 | agjusted R-squared 0.375645  S.D. dependentvar 1478785
SE. of regression 14.86993  Akaike info criterion 8257387 S.E. ofregression 13.00086  Akaike info criterion 7991500 | 5F fragression 1168479 Akaike info criterion 7784815
Sum squared resid 20563.68  Schwarz criterion 8311153 Sum squared resid 15719.09 - Schwarz criterion B045265 | oym squared resid 12697.69  Schwarz criterion 7.838581
Log likelihood -390.2259  Hannan-Quinn criter 8279113 Loglikelihood -377.5962 Hannan-Quinn criter BO13225 | | oglikelinood 3677787 Hannan-Quinn criter, 7.806541
Durbin-Watson stat 2971511 Durbin-Watsonstat 2307183 Durbin-Watson stat 2028864
Invered ARRoats 004041 -00-04i Inverted AR Roots 43 Inverted WA Roots 7

ARMA(2,1)

:(05) pd) Jgaad)
ARMA(L,1)

Tlged padh day

Tasai i 4511(04) ad) Jgaad
AR(3)
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b s dilie iad) Sl Gl ol Aadad / Jalil) a6 wiSe & BLlae Jas
ARIMA g3l alaiiuly (2019 : 12 ~2012: 01) 8l i)

‘pendent Variable: DEDO

thod: ARMA Maximum Likelihood (OPG - BHHH)

ite: 08104121 Time: 19:22
mple: 2012M02 2019M12
JIuded observations: 95

invergence achieved after 65 iterations
iefficient covariance computed using outer product of gradients

Dependent Variable: DEDO

Method: ARMA Maximum Likelihood (OPG - BHHH)

Date: 08/04/21 Time: 19:30

Sample: 2012102 2019112

Included obsenvations: 95

Failure to improve objective (non-zero gradients) after 8 iterations
Coefficient covariance computed using outer product of gradients

Dependent Variable: DEDO

Wethod: ARMA Maximum Likelihood (OPG - BHHH)

Date: 08/04/21 Time: 19:19

Sample: 2012M02 201912

Included observations: 95

Convergence achieved after 51 iterations

Coefficient covariance computed using outer product of gradients

Variable Coeficient  Std. Error t-Statistic Prab Variable Coefficient  Std. Error  +Statistic Prob
Variable Coefficient S8td. Error t-Statistic Prob
AR(2) -0.010834 0075430 -0.140976  0.8882 AR(1) 1.000000 2545123 03929068 0.6953
WA(1) -0768414  0.055212  -13.91747  0.0000 MA(1) -1.000000 0002085 -479.6457  0.0000 MA(1) -0771873 0052299 1475890 0.0000
SIGMASQ 1336487  3.636872  36.74826  0.0000 SIGMASQ 2164602  10.04683 2154512 0.0000 SIGMASQ 1338599  3.638360 3673427 0.0000
squared 0.382338  Mean dependentvar 0.285809 R-squared -0.000378  Mean dependentvar 0285809 | R-squared 0382287 Mean dependentvar 0.285809
Justed R-squared 0368911 S.D. dependentvar 1478785 | AdustedR-squared  -0.022125  SD. dependentvar 1478785 | agjusted R-squared 0.375645 5., dependentvar 1478785
=. of regression 11.74763  Akaike info criterion 7.805781 S.E. of regression 14.95054  Akaike info criterion 8278442 | oF tfragression 1168479 Akaike info criterion 7784815
m squared resid 12696.63  Schwarz criterion 7.886430 Sum squared resid 2056372  Schwarz criterion 8.350091 Sum squared resid 12697.60 Schwarz crterion 7838581
g likelihood -367.7746  Hannan-Quinn criter 7.838369 Log likelihood -390.2260 Hannan-Quinn criter 831030 | |\ jicelinood 377787 H o " 7806541
rhin-Watsonstat 2036313 Dutbin-Watsonstat 2870115 0g ke oo ; annanuinn crer
Durbin-Watson stat 2028864
erted AR Roots -00+10i -.00-10i Inverted AR Roots 1.00
'erted MA Roots aT Inverted MA Roots 1.00 Inverted MA Roots T

Tises i Aag 1(07) ady Jgand

ARMA(3,1)

Wethod: ARMA Maximum Likelihood (OPG - BHHH)

Date: 08/04/21 Time: 19:23

Sample: 2012M02 2019M12

Included obsenvations: 95

Convergence achieved after 59 iterations

Coefiicient covariance computed using outer product of gradients

Variable Coeficient ~ Std. Error  t-Stafistic  Prob.
AR(3) -0.005304 0089140 -0.059499 09527
MA(1) -0.770528  0.052489 -14.67931  0.0000
SIGMASQ 1336568 3643558 3668306  0.0000
R-squared 0.382301 Mean dependentvar 0.285809
Adjusted R-squared 0368873 S.D. dependentvar 1478785
SE ofregression 1174799  Akaike info criterion 7.805843
Sum squared resid 12697.40  Schwarz criterion 7.886492
Log likelihood -367.7776  Hannan-Quinn criter. 7.838432
Durbin-Watson stat 2031411
Inverted AR Roots 09-15i 09+ 15i -17
Inverted MA Roots m
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