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Abstract

This study aims to know if the financial efficiency is changing over time or it is
always and how it affects International crises on efficiency financial markets,
Where the study included 3 emerging Arab stock exchanges (Qatar, Dubai,
Saudi Arabia) with general indicators (TASI, QSI, DFMGI) By testing the stability
of time series <by testing the unitary roots (ADF, PP, KPSS) and the model
(HURST exponent) During the time period (January 02, 2014 to April 30,
2020).

The study found that the efficiency of the variable component over time , Also
the financial markets (Saudi Arabia, Dubai, Qatar) It has not efficiency financial
at the weak level during this period , The studied markets are also affected
greatly by international crises, for example the oil crisis and the Koruna crisis
(Covid 19).

Keywords: Financial Market Efficiency, Root Test, Hurst exponent,
International Crises.
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Null Hypaothesis: CHAMGE has a unit root
Exogenous: Constant
Lag Length: 0 {Automatic - based on SIC, maxlag=0)

QS (ADF)

Mull Hypothesis: CHAMGE has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=0)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -36.24017 0.0000
Test critical values: 1% level -3.434294
5% level -2.863169
10% level -2.567685
*MackKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(CHANGE)
Method: Least Squares
Date: 06/14/20 Time: 13:26
Sample (adjusted): 1/05/2014 4/30/2020
Included observations: 1576 after adjustments
Variable Coeflicient Std. Error +-Statistic Prob.
CHANGE(-1) -0.909213 0.025089  -36.24017 0.0000
c -5.01E-05 0.000282  -0.177266 0.8593
R-sguared 0.454863 Mean dependentvar -5.58E-06
Adjusted R-squared 0.454517 35.D. dependentvar 0.015180
3.E. ofregression 0.011212 Akaike info criterion -6.142452
Sum squared resid 0.197855 Schwarz criterion -6.135647
Log likelihood 4842252 Hannan-Quinn criter. -6.139923
F-statistic 1313350 Durbin-Watson stat 1.995644
Prob(F-statistic) 0.000000
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t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -36.23751 0.0000
Test critical values 1% level -3.963877
5% level -3.412663
10% level -3.128300
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D{CHANGE)
Method: Least Squares
Date: 06/14/20 Time: 13:24
Sample (adjusted) 1/05/2014 4/30/2020
Included observations: 1576 after adjustments
Variable Coefficient Std. Error t-Statistic Prob
CHANGE(-1) -0.909496 0025098 -36.23751 0.0000
C 0.000241 0.000585 0.427198 0.6693
@TREND("/02/2014%)  -3.70E-07 6.21E-07  -0.595437 0.5516
R-squared 0454986 Mean dependentvar -5.58E-06
Adjusted R-squared 0454293 3.D. dependentvar 0.015180
S.E. of regression 0.011214  Akaike info criterion -5.141409
Sum squared resid 0.197810  Schwarz criterion -6.131200
Log likelihood 4842 430 Hannan-Quinn criter. -6.137615
F-statistic G56.5828 Durbin-Watson stat 1.995544
Prob(F-statistic) 0.000000
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Mull Hypothesis: D{CHANGE) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Autormatic - based on SIC, maxlag=0)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -63.50553 0.0001
Test critical values: 1% level -3.963881
5% level -3.412665
10% level -3.128301
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(CHANGE,2)
Method: Least Squares
Date: 06/14/20 Time: 13:28
Sample (adjustedy 1/06/2014 4/30/2020
Included observations: 1575 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
D{CHANGE(-1)) -1.439066 0.022660  -63.50553 0.0000
c -6.26E-05 0.000689  -0.090928 0.9276
@TREND{™/02/2014")  7.46E-08 7.57E-07 0.098575 0.9215
R-squared 0719534 Wean dependentvar 1.27E-07
Adjusted R-squared 0.719177 S.D. dependentvar 0.025761
S.E. of regression 0.013851 Akaike info criterion -5.748048
Sum squared resid 0.292959  Schwarz criterion -5.737835
Laog likelihood 4529.588 Hannan-Quinn criter. -5.744253
F-statistic 2016.476 Durbin-Watson stat 2.340573
Prob(F-statistic) 0.000000
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MNull Hypothesis: CHANGE has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

Mull Hypothesis: CHANGE has a unit root
Exogenous: Constant
Bandwidth: 1 (Newey-West automatic) using Bartlett kernel

Qsl (PP)

Null Hypothesis: D(CHANGE) has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 200 (Newey-West automatic) using Bartlett kernel

Mull Hypothesis: D(CHANGE) has a unit root
Exogenous: Constant

N Adj. +-Stat Prob Bandwidth: 200 (Newey-WWest automatic) using Bartlett kernel
Adj. t-Stat Prob.* *
Adj t-Stat Prob .
Phillips-Perron test statistic -4451339 0.0001 Adj. t-Stat Prob.*
Phillips-Perron test statistic -36.20190 0.0000 Test critical values: 1% level -2.963881
- Phillips-Perron test statistic -36.24318 0.0000
Test critical values: 1% level -3.963877 Test criical values: 1% level 3.434294 5% level -3.412665 Phillips-Perron test statistic -443.3111 0.0001
5% level -3.412663 E 10% level -3.128301 Test critical values: 1% level -3.434296
5% level 2862169
10% level -3.128300 10 level 2667635 5% level 0863170
*MacKinnon (1996) one-sided p-values 10% level -2.567686
MacKinnon (1996) one-sided p-values “MacKinnon (1996) one-sided pvalues 150) o pralues
Resigual P ction) 0000128 Residual variance (no correction) 0.000186
esidual vanance (no correction. HAC corrected variance (Bartlett kernel 1.97E-08
HAC corrected variance (Bartistt kernal) 0.000123 Residual variance (no correction) 0.000126 { ! Residual variance (no correction) 0.000186
HAC corrected variance (Bartlett kernel) 0.000126 HAC corrected variance (Bartlett kemel) 1.99E-06
" Phillips-Perron Test Equation
Phillips-Perron Test Equation - y .
Dependent Variable: D(CHANGE) Phillips-Parran Test Equation Dependent Variable: D(CHANGE,2) Phillips-Perron Test Equation
Methad: Least Squares Dependent Variable: D(CHANGE) Method Least Squarss Dependent Variable: DICHANGE 2)
Date: 05H4/20 Time: 1332 Wethod: Least Squares Dale: 06/14/20 Time. 13.35 Metho: Least Squares
Sample (adjusted). 1/05/2014 4/30/2020 Date: 06/14/20 Time: 13:33 Sample (adjusted) 1/06/2014 4130/2020 Date: 06/14/20 Time: 13:36
Included observations: 1576 after adjustments Sample (adjusted): 1/05/2014 4/30/2020 Included observations: 1575 after adjustments Sample (adjusted): 106/2014 4/30/2020
Included observations: 1576 after adjustments = - . Included observations: 1575 after adjustments
Variable Coefficient Std. Error t-Statistic Prob Variable Coefficient Std. Eror t-Statistic Prob —
Variable Coeficient ~ Std Error  t-Statistc  Prob Variable Coefficient  Std. Error  tStatistic  Prob
CHANGE(-1) 0909406 0.025088 3623751  0.0000 DICHANGE(1))  -1.439066 0022660 -63.50553  0.0000
c 0.000241 0.000585 0427196 0.6693 CHANGE(-1) -0.900213 0.025089  -36.24017 0.0000 C -B.2RE-05 0.000689 -0.000928 09276 D(CHANGE(-1)) -1.439062 0022653  -63.52546 0.0000
@TREND(1/02/2014")  -370E-07  6.21E-07 -0.595437  0.5516 c -501E-05 0000282 -D.177286 08593  @TREND(/0220147) 746808  757E-07 0098575 09215 c -380E-06  0.000344 -0.011056  0.9912
R-squared 0454986 Mean dependentvar  -558E-0  R-squared 0454363 Mean dependentvar  5.58E06  R-squared 0.719534  Mean dependent var 1.27E-07 E&,Ef;::;.squared T g?”ﬁzgﬁgsmgfr e
Adjusted R-squared 0454203 S.D. dependentvar 0015180 Adjusted R-squared 0454517  S.D. dependentvar 0015180  Adjusted R-squared 0719177 8.D. dependentvar 025761 o e reqrassion 0013647 Akaike info criterion 5749312
S.E. of regression 0.011214  Akaike info criterion 6141409 SE ofregression 0.011212  Akaike info criterion -6.142452  SE ofregression 0.013851  Akaike info criterion BTABOMB o quared resid 0292980 Schwarz criterion _5.742503
Sum squared resid 0.197810 Schwarz criterion -6.131200 Sum squared resid 0.197855 Schwarz criterion -6.135647  Sum squaredresid 0.292959  Schwarz criterion -5.737835 Log likelihood 4529582 Hannan-Quinn criter 5746781
Log likelihood 4842430 Hannan-Quinn criter. -6.137615 Log likelihood 4842 252 Hannan-Quinn criter. -6139923  Log likelihood 4529.588 Hannan-Quinn criter. -5.744253 F-statistic 4035.484 Durbin-Watson stat 2.340564
F-statistic 656.5828 Durbin-Watson stat 1.995544 F-statistic 1313.350 Durbin-Watson stat 1995644  F-statistic 2016.476 Durbin-Watson stat 2.340573  prop(F-statistic) 0.000000
Prab(F-statistic) 0000000 Prob(F-statistic) 0.000000 Prob(F-statistic) 0.000000




Mull Hypothesis: CHANGE is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

Qsl (KPSS)

Null Hypothesis: CHANGE is stationary
Exogenous: Constant
Bandwidth: 3 (Newsy-West automatic) using Bartlett kernel

Mull Hypothesis: D(CHAMGE) is stationary
Exogenous: Constant
Bandwidth: 112 (Mewey-West automatic) using Bartlett kernel

Li-Stat LhstaL LI-Stat
Kwiatkows ki-Phillips-Schmidt-Shin test statistic 0.073272 A n " ;
Asymptotic e 1% lovel 0216000  Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.082937  Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.072730
5% level 0146000  Asymplotic criical values®: 1% level 0739000  Asymptotic critical values™ 1% level 0.739000
10% level 0.119000 5% level 0.463000 5% level 0.463000
10% level 0.347000 10% level 0.347000
*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)
*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1) *Kwiatkows ki-Phillips-Schmidt-Shin (1992, Table 1)
Residual variance (no correction) 0.000127
HAC corrected variance (Bartlett kernel) 0.000140 Residual variance (no correction) 0000427 Residual variance.(no correction) 0.000230
HAC corrected variance (Bartlett kemel) 0000147 HAC corrected variance (Bartlett kernel) 2.34E-06
KPSS Test Equation
Dependent Variable: CHANGE . KPSS Test Equation
Method: Least Squares KPSS Test Equation Dependent\f’gnable D(CHANGE)
Date: 061420 Time: 12:20 Dependent Variable: CHANGE e e
Sample: 1/02/2014 4/30/2020 Method: Least Squares Date: 06M4/20 Time: 13-45
Included observations: 1577 Date: 06/14/20 Time: 13:41
Sample: 1102/2014 4302020 Sample (adjusted): 1/0512014 /3012020
Variable Coefficient  Std. Eror  t-Statistic Prob.  Included obsenations: 1577 Included observations: 1576 after adjustments
c 0.000310  0.000567 0547520  0.5841 Variable Coeficent  Sid.Eror  kStalisic  Prob. Variable Coefficient  Std Brror  tStafistic  Prob
@TREMND(™1/02/20147) -4 50E-07 6.23E-07 -0722632 0.4700
c 443605 0000284 0156248 08758 c -5.58E-06 0.000382  -0.014602 0.9824
R-squared 0.000331 Mean dependent var -4 43E-05
Adjusted R-squared -0.000303 S.D. dependentvar 0.011258 R-squared 0.000000 Mean dependentvar 447605 R-squared 0.000000 MWean dependentvar -5.58E-06
S.E. of regression 0.011260 Akaike info criterion -6.133844 »\muqsled R-squared 0.000000 éD depzndemvar [I.[IﬁZEE Adjusted R-squared 0.000000 S.D. dependentvar 0.015180
Sum squared resid 0199692  Schwarz criterion -6.127042 SE. of regression 0011258 Akaike info criterion 5134791 SE ofregression 0015180 Akaike info criterion -5.537002
Log likelihood 4838.536 Hannan-Quinn criter. -6.131317 3 b dresid 0199758 Sch N 5131330  Sum squared resid 0.362945 Schwarz criterion -5.533600
F-statistic 0522197 Durbin-Watson stat 1817524  Sum squaredresi chwarz crterion b Log likelihood 4364158 H —Quinn crit 5535738
Log likelihood 4838275 H Quinn crit 5133517 09 IElno0 annan-tuinn erter
Prab(F-statistic) 0470013 09 e oo annamauinn eer Dursin-Watson stat 2877958
Durbin-Watson stat 1816922 N
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Mull Hypothesis: CHANGE has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=0)

TASI ( ADF)

Null Hypothesis: CHANGE has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=0)

t-Statistic Prob.* -Statistic Prob.*
Augmented Dickey-Fuller test statistic -34.84819 0.0000 Augmented Dickey-Fuller test statistic -34 85928 0.0000
Test critical values: 1% level -3.063848 Test critical values 1% level -3.434273
5% level -3.412649 5% level -2.863160
10% level -3.128291 10% level -2.567680
*MacKinnon (1996) one-sided p-values *MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation Augmented Dickey-Fuller Test Equation
Dependent Variable: DICHANGE) Dependent Variable: D(CHANGE)
Wethod: Least Squares Method: Least Squares
Date: 07/03/20 Time: 23:18 Date: 07/03/20 Time: 2320
Sample (adjusted): 1/05/2014 4/30/2020 Sam .
ple (adjusted): 1/05/2014 4/30/2020
Included observations: 1584 after adjustments Included obsenations: 1584 after adjustments
Vanable Coeficient  Std Emor_ tStansic  Prob Variable Coefficient  Std Eror  tSfatistic  Prob
CHANGE(-1) -0.869585  0.024954 -34.84819  0.0000
P iL0f 0000801 -D0%8372 09535 CHANGE(-1) 0869584  0.024946  -34.85028  0.0000
@TREND(1/02/2014")  -6.97E-09  657E-0F -0.010600  0.9915 c -4.06E-05 0000300 -0135211 08925
R-squared 0434428 Mean dependent var 106E-05  R-squared 0434428  Mean dependentvar 1.06E-05
Adjusted R-squared 0.433713  5.D. dependentvar 0.015891  Adusted R-squared 0.434071  5.D. dependentvar 0.015891
SE. of regression 0.011958  Akaike info criterion 6012885  S.E ofregression 0.011955  Akaike info criterion -6.014147
Sum squared resid 0.226086 Schwarz criterion -6.002719 Sum squared resid 0.226086 Schwarz criterion -6.007370
Log likelihood 4765205 Hannan-Quinn criter -6.009108 Log likelihood 4765205 Hannan-Quinn criter. -6.011629
F-statistic 607.2008 Durbin-Watson stat 1.989160 F-statistic 1215170 Durbin-Watson stat 1.989161
Prob(F-statistic) 0.000000 Prob(F-statistic) 0.000000
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D(CHANGE(-1))

Mull Hypothesis: D(CHANGE) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=0)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -61.75186 0.0000
Test critical values: 1% level -3.063851
5% level -3.412651
10% level -3.128202
*MacKinnon (1996) one-sided p-values
Augmented Dickey-Fuller Test Equation
Dependent Variable: D{CHANGE,Z)
Method: Least Squares
Date: 07/03/20 Time: 23:21
Sample (adjusted): 1/06/2014 4/30/2020
Included observations: 1583 after adjustments
Variable Coefficient Std. Error 1-Statistic Prob.
D{CHANGE(-1)) -1.414103 0.022900 -61.75186 0.0000
o -3.85E-05 0.000729  -0.052890 0.9578
@TREND(™/02/20147) 6.57E-08 7.96E-07 0.082478 0.9343
R-sgquared 0707043 Mean dependentvar 1.83E-06
Adjusted R-squared 0706673 S.D. dependentvar 0.026733
S.E. of regression 0.014478  Akaike info criterion -5.630445
Sum squared resid 0.331199 Schwarz criterion -5.620274
Log likelihood 4459497 Hannan-Quinn criter. -5.626666
F-statistic 1906.6468 Durbin-Watson stat 2207194
Prob(F-statistic) 0.000000
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Mull Hypothesis: CHANGE has a unit root

Exogenous: Constant, Linear Trend

Bandwidth: 3 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*
Phillips-Perron test statistic -34 82760 0.0000
Test critical values 1% level -3.963848
5% level -3.412649
10% level -3128291
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 0.000143
HAC corrected variance (Bartlett kernel) 0.000141
Phillips-Perron Test Equation
Dependent Variable: DICHANGE)
Method: Least Squares
Date: 07/03/20 Time: 23:25
Sample (adjusted). 1/05/2014 4/30/2020
Included observations: 1584 after adjustments
Variable Coeflicient Std. Error t-Statistic Prob
CHAMNGE(-1) -0.869585 0.024954  -34.84319 0.0000
c -3.51E-05 0.000601 -0.058372 09535
@TREND("1/02/2014")  -6.97E-09 6.57TE-07 -0.010600 0.9915
R-squared 0.434428 Mean dependent var 1.06E-05
Adjusted R-squared 0.433713 S.D. dependentvar 0.015891
S.E. of regression 0.011958 Akaike info criterion -6.012885
Sum squared resid 0.226088 Schwarz criterion -6.002718
Log likelihood 4765.205 Hannan-Quinn criter. -6.009108
F-statistic 607.2008 Durbin-Watson stat 1988160
ProbiF-statistic) 0.000000
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TASI (PP)

Mull Hypothesis: CHAMGE has a unit root

Exogenous: Constant

Bandwidth: 3 (Newey-West automatic) using Bartlett kernel

Mull Hypothesis: D(CHANGE) has a unil
Exogenous: Constant, Linear Trend

troot

Bandwidth: 222 (Mewey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*
Adj. t-Stat Prob.®
Phillips-Perron test statistic -34 83874 0.0000
Test critical values 1% level -3.434273 Phillips-Perron test statistic -442 2658 0.0001
5% lavel -2.863160 Test critical values: 1% level -3.962851
10% level -2 567680 5% level -3.412651
10% level -3.128292
*MacKinnon (1996) one-sided p-values.
*MacKinnon (1996) one-sided p-values.
E:gdua\ VQ”ZHCE_(”U Cogeg}mﬂﬂi | gggg}iﬁ Residual variance (no correction) 0.000208
AC corrected variance (Barlleft kernel) - HAC corrected variance (Bartiett kemel) 2.05E-08
Phillips-Perron Test Equation Phillips-Perron Test Equation
Dependent Variable: D(CHAMGE) Dependent Variable: D{CHANGE,2)
Method: Least Squares Method: Least Squares
Date: 07/03/20 Time: 23:26 Date: 07/03/20 Time: 23:27
Sample (adjusted). 1/05/2014 4/30/2020 Sample (adjusted): 1/06/2014 4/30/2020
Included observations: 1584 after adjustments Included observations: 1583 after adjustments
variable Coefficient Std. Errar t-Statistic Prob. WVariable Coefficient Std. Error t-Statistic Prob
CHANGE(-1) 0889564  0.024048 3485028 00pop  DOCHANGECTD o 1add4nns o 0.022900  Gursien  Dedol
c 406505 0000300 0433211 08925  GrRenprim2/20147)  657E-08  7.96E-07  0.082476  0.9343
R-squared 0434428 Mean dependentvar 1.06E-05  R-squared 0707043 Mean dependent var 1.83E-08
Adjusted R-squared 0.434071 S.D. dependentvar 0.015891  Adjusted R-squared 0706672 £.0. dependentvar 0.026732
S.E. of regression 0.011955 Akaike info criterion -6.014147 SE ofregression 0.014478 Akaike info criterion -5.630445
Sum squared resid 0226086 Schwarz criterion -6.007370 Sum squared resid 0.331199 Schwarz criterion -5.620274
Log likelihood 4765.205 Hannan-Quinn criter. -6.011629 Loglikelihood 4459497 Hannan-Quinn criter. -5.626666
F-statistic 1215170 Durbin-Watson stat 1.989161 F-statistic 1808 648 Durbin-Watson stat 2297194
Prob(F-statistic) 0.000000 Probi(F-statistic) 0.000000
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Mull Hypothesis: CHANGE is stationary
Exogenous: Constant, Linear Trend
Banawidth: 4 (Newey-West automatic) using Bartiett kernel

Null Hypothesis: CHANGE is stationary
Exogenous: Constant
Bandwidth: 4 (Newey-West automatic) using Bartlett kernel

TASI (kPSS)

Mull Hypothesis: D(CHANGE) is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 158 (Newey-West automatic) using Bartlett kernel

Null Hypothesis: DICHANGE) is stationary
Exogenous: Constant
Bandwidth: 158 (Newey-West automatic) using Bartlett kernel

L-stat Lu-stat Lhretat Li-Stat
P ) y . Kwiatkowski-Phillips-Schmidi-Shin test statistic 0.059574 _ i dt_Shi
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0069493 Kwiatkowski-Phillips-Schmidi-Shin test statistic 0.088505  asymptolic criical valuss® 1% level 0215000 —wiatkows ki Phillips-Schmidt Shin test stafistic 0.084136
Asymptotic critical values*: 1% level 0216000 ‘Asymptotic critical values*: 1% lavel 0.739000 5% level 0q4ggpp SYmtotic crical values 1% level 0.739000
5% level 0145000 5% level 0.463000 10% level 0119000 o level 0453000
10% level 0119000 10% level 0.347000 10% level 0347000
Phillips-Schmidt-Shin (1992, Table 1 . o . .
*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1) *Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1) P ¢ ) *Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)
N N Residual variance (no correction) 0.000252
Residual variance (no correction) 0.000145 Residual variance (no correction) 0.000252
N Residual variance {no correction) 0.000145 HAC corrected variance (Bartlett kernel) 2.01E-08
HAC corrected variance (Bartlett kernel 0.000177 |
(! )] HAC corrected variance (Bartlett kemnel) 0000177 HAC cormected variance (Bartlett kernel) 201E-06
KPSS Test Equation
KPSE Test Equation .
Dependent Variable: D{CHANGE) KP3s Test Equation
Rz&enr:sir:;;a'r:hu\:r;Hn\NGE g:%n‘;i?t‘\i’i?i?;?g CHANGE Method: Least Squares Dependent Variable: D{CHANGE)
Sm 07103120 grims-za 20 Hefhud Leasts ua}es ) Date: 07/03/20 Time: 23:32 Wethod: Least Squares
Sample: 1/02/2014 4/30/2020 : a Sample (adjusted) 1/05/2014 4/30/2020 Date: 07/03/20 Time: 23:34
e e o {28 Date: 0710320 Time. 23.31 Included observations: 1584 after adjustments Sample (adjusted): 1/05/2014 4730/2020
Sample 1"52‘201'4 413012020 Included observations: 1584 after adjustments
Variable CosMcent Sl Emor  tSmiste  Prop  ouded <1585 Variable Coefficient  Std. Emor  tStafistic  Prab,
N Variable Coefficient Std. Error -Statistic Prob
c 324E-05 0.000605  -0.053559 09573 Variable Coefficient Std. Error t-Statistic Prab c -2 7T1E-05 0000799  -0.033936 0.9729
- Iy pea @TREND(1/02/2014")  476E-08  873E-07  0.054501  0.9565 c 106E-05 0000399 0026563  0.9783
@TREND(™/02i20147) 1.88E-08 6.62E-07 0028436 09773 c _473E05 0000303  -0.156338 0.8752
R-squared 0.000002 Mean dependent var 1.08E-05 R d 0.000000 M d dent 1.06E-05
R-squared 0.000001 Mean dependent var -4 73E-05 Squares X Mean dependent var K
Adjusted R-squared  -0.000631 SD. dependentvar 0012080 Fsquared 0.000000  Mean dependent var 473505 gdé“S‘re“ R-squared S gfgg;g ikD kﬂﬂ_ﬂ:"ﬂﬂ;“\_'af gg]jggl Adjusted R-squared 0.000000 §.D. dependentvar 0.015881
SE ofregression 0.012054 Akaike info criterion 5997641 Adjusted Resquared 0.000000  S.D. dependent var 0.012050 ofregression alke info criterion b S.E. of regression 0.015891  Akaike info criterion -5.445482
Sum squared resid 0.229994 Schwarz criterion -5990867 S.E. of regression 0.012050  Akaike info criterion -5.998902  Sum squared resid 0399746 Schwarz criterion 5437454 g0 squared resid 0399747 Schwarz criterion 5442103
Log likelihood 4755130 Hannan-Quinn criter 5995124  Sum squared resid 0229994 Schwarz criterion. -5.995515  Leglikelihood 4313.631 Hannar:—llumn criter. 544713 | ) fikelihood 4313830 Hannan-Quinn criter 5444233
Fstatistic 0.000809 Durbin-Watson stat 1738077  Loglikelihood 4756130 Hannan-Quinn criter.  -5.997644  F-statistic 0002970 Durbin-Watson stat 2828143 1y in-watson stat 2828138
Prob{F-statistic) 0977318 Durbin-Watson stat 1738076 Prob{F-statisfic) 0.956543




Mull Hypothesis: CHAMGE has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=0)

DFMGI ( ADF)

Mull Hypothesis: CHANGE has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=0)

Null Hypothesis: D(CHANGE) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=0)

t-Statistic Prob.* tStatistic  Prob* tstafistic  Prob”
Augmented Dickey-Fuller test statistic -35.60350  0.0000 Augmented Dickey-Fuller test statistic 3566320 0.0000  Augmented Dickey-Fuller test statistic 6349805 0.0001
Test crifical values 1% level -3.963840 Test critical values: 1% level 3434268 Test critical values 1% level -3.963844
5% level -3.412645 5% lavel 2863157 5% lavel -3.412647
10% level -3.128289 10% lavel _DEETET 10% level -3.128290
*MacKinnon (1996) one-sided p-values *MacKinnon (1996) one-sided pvalues *Mackinnon (1986) one-sided p-values
Augmented Dickey-Fuller Test Equation Augmented Dickey-Fuller Test Equation Augmented Dickey-Fuller Test Equation
Dependent Variaole: DICHANGE) Dependent Variable: D(CHANGE) Dependent variasle: DICHANGE 2)
g:{g?g%‘;ﬁ;gsiﬁﬁzg_ » Method | east Squares Method: Least Squares
Sample (adjusted): 1/05/2014 4/30/2020 Date: 07103120 Time: 23:42 Date: 07103120 Time: 23:43
Included ohservations® 1586 after adjustments Sample (adjusted): 1/0512014 413012020 Sample (adjusted): 1106120714 43012020
Included observations: 1586 after adjustments Included observations: 1585 after adjustments
Vanale Coeficient  Sta Ewor  tStaisie  Prod Variable Cosficent  StdEmor  tSlaisic  Prob Variable Cosficient  Std Emor  kStafisic  Prob.
CHANGE(-1) -0890818 0024957 -3569359  0.0000
C 0.000622 0.000741 0.8338714 0.4018 CHANGE(-1) -0.889550 0024943 -3566329  0.0000 D(CHANGE(-1)) -1.435643 0.022609  -63.49805 0.0000
@TREND(1/02/20147)  -1.04E-06 809E-07 -1285743 01987 C -0.000204  0.000370 -0.550375  0.5821 C -469E-05 0000897 -0.052274  0.9583
@TREND("1/02/20147)  5.97E-08 9.78E-07 0.061023 0.9513
R-squared 0445932 Mean dependentvar -121E-05 R-squared 0.445353  Mean dependentvar -1.21E-05
Adjusted R-squared 0.445232 5.D. dependentvar 0.019799  Adjusted R-squared 0445003 5.D. dependentvar 0019799  R-squared 0.718205  Mean dependentvar 2.52E-05
S.E of regression 0.014747  Akaike info criterion -5593636  SE. ofregression 0.014750  Akaike info criterion 5503853 Adjusted R-squared 0.717849  8.D. dependentvar 0.033550
Sum squared resid 0.344271  Schwarz criterion -5.583481  Sum squared resid 0.344631  Schwarz criterion 5507083 SE ofregression 0.017821  Akaike info criterion -5.214330
Log likelihood 4438753 Hannan-Quinn criter. -5.589863  Log likelihood 4437926 Hannan-Quinn criter 5591338 Sum squared resid 0502423 Schwarz criterion -5.204829
F-statistic §37.0240 Durbin-Watson stat 1995063  F-statistic 1271870 Durbin-Watson stat 1995473  Loglikelinood 4135.880 Hannan-Quinn criter. -5.211218
ProbiF-statistic) 0.000000 Prob(F-statistic) 0.000000 F-statistic 2016.003 Durbin-Watson stat 2297297
Prob(F-statistic) 0.000000
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MNull Hypothesis: CHANGE has 3 unitroot
Exogenous: Constant, Linear Trend

Bandwidth: 6 (Newey-West automatic) using Bartlett kernel

Null Hypothesis: CHANGE has a unit root
Exogenous: Constant

DFMGI ( PP)

Bandwidth: 7 (Newey-\West automatic) using Bartlett kernel

MNull Hypothesis: D{CHANGE) has a unit root
Exogenous: Constant, Linear Trend

Bandwidth: 159 (Newey-West automatic) using Bartlett kernel

Null Hypothesis: D(CHANGE) has a unit root
Exogenous: Constant

Bandwidth: 159 (Newey-West automatic) using Bartlett kernel

Ad] tStat Prob.s Adl. t-Stat Prob.

" Phillips-Perron test statistic -35 78866 00000
Phillips-Perron test statistic -3579056 00000 Lhilipe-Feronlest slalislt
Test critical values: 1% lavel 3963840 Test critical values: 1% level -2.434268

59 level 3412645 5% level -2.863157

10% level -3128289 10% level -2.567679
=MacKinnon (1996) one-sided p-values. *Mackinnon (1996) one-sided p-values.
Residual variance (no correction) 0.000217 Residual variance (no correction) 0.000217
HAC corrected variance (Bartlett kernel) 0.000227 HAC corrected variance (Bartlett kernel) 0.000230
Phillips-Perron Test Equation Phillips-Perron Test Equation
Dependent Variable: D(CHANGE) Dependent Variable: D{CHANGE)
Wethod: Least Squares Method: Least Squares
Date: 07/03/20 Time: 23:44 - 97

Date: 07/02/20 Time: 23:46
. Included observations: 1586 after adjustments
Variable Coefficient  Sta Emor_ *Stafiste _ Prod Variable Coefficient  Std.Eror  tStafistic  Prob
CHANGE(-1) -0.890818 0.024957  -35.69359 0.0000
c 0.000622 0.000741 0838714 04018 CHAMGE(-1) -0.889550 0.024943  -35.66320 0.0000

@TREND(1/02/2014")  -1.04E-06  8.09E-07 -1.285743  0.1987 c -0.000204 0000370 -0.550375 05821
R-squared 0445032 Mean dependentvar -1 21E-05 R-squared 0.445353 Mean dependent var -1.21E-05
Adjusted R-squared 0.445232  8.D. dependentvar 0.019799 Adjusted R-squared 0.445003 S.D. dependentvar 0.019799
S.E. of regression 0.014747  Akaike info criterion -5.593636 S.E. of regression 0.014750 Akaike info criterion -5.593853
Sum squared resid 0.344271  Schwarz criterion -5.583481 Sum squared resid 0.344631 Schwarz criterion -5.587082
Log likelihood 4438753 Hannan-Quinn criter. -5.589863 Log likelihood 4437.926 Hannan-Quinn criter. -5.591338
F-stalistic 637.0240  Durbin-Watson stat 1885083 F-statistic 1271.870 Durbin-Watson stat 1.995473
PrabiF-statistic) 0.000000 Prob(F-statistic) 0.000000

Adj. t-Stat Prob* Adj. -5tat Prob.*
Phillips-Perron test statistic -414 8548 0.0001 Phillips-Perron test statistic -4142735  0.0001
Test critical values: 1% level -2.963844 Test critical values: 1% level -3.434270
5% level -3.412647 5% level -2.863158
10% level -3.128290 10% level 2567679
*MacKinnon (19968) one-sided p-values *MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 0.000317  Residual variance (no correction) 0.000317
HAC corrected variance (Bartlett kernel) 387E-06  HAC corrected variance (Bartlett kernel) 3.88E-06
Phillips-Perron Test Equation Phillips-Perron Test Equation
Dependent Variable: D(CHANGE,2) Dependent Variable: DICHANGE 2)
Method: Least Squares Method: Least Squares
Date: 07/03/20 Time: 23:47 Date: 07/03/20 Time: 23:48
Sample (adjusted). 1/06/2014 4/30/2020 Sample (adjusted): 1/06/2014 4/30/2020
Included observations: 1585 after adjustments Included observations: 1585 after adjustments
Variable Coefficient  Std. Error  tStafistic  Prob Variable Coeficient ~ Sid.Emor  tStafistic  Prob
DICHANGE(1) - -1438643 0022609 -83.49805  DO0O0  popangErr) 1435641 0022602 -6351803  0.0000
¢ L CHBOEDS 0000897 0052274 0.9583 c SIEQT 0000447 0001109 09990
@TREND("1/02/20147)  5.97E-02 9.78E-07 0.061022 0.9513
R-squared 0718204 Mean dependentvar 252E-05
Relared aed | gEate Mean dependentvar ZSED®  AdustedRsquared 0718026 5D dependentar 0033550
A q - oep g SE. of regression 0.017815  Akaike info criterion -5.216250
S.E. of regression 0.017821 Akaike info criterion -5.214990 Sum squared resid 0502424 Schwarz criterion _5.200476
Sum squared resid 0502422  Schwarz criterion -5.204829 Log likelinood 4135878 Hannan-Quinn criter. 5213733
Log likelihood 4135880 Hannan-Quinn criter. -5.211215 F-statist 4034541 Durbin-Wat tat 2297295
F-statistic 2016.003 Durbin-Watson stat 2297297 F'S;l‘f 'f st 0005000 urbin-atson stal
Prob(F-statistic) 0.000000 rob(F-statitic)




Mull Hypothesis: CHANGE is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 9 (Newey-West automatic) using Bartlett kernel

DFMGI (kPSS)

MNull Hypothesis: CHANGE is stationary
Exogenous: Constant
Bandwidth: 9 (Newey-West automatic) using Bartlett kernel

MNull Hypothesis: D(CHANGE) is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 156 (Newey-West automatic) using Bartlett kernel

LI-Stat ot L M-Stat
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0044752 - -~ g
Asymplotic crifical values® 19% level 0216000 Kwiatkowski-Phillips-Schmidt-Shin test statistic 0179492 ~ Ywalkowski-Phillips-Schmid-Shin test stalistic 0.061437
r— Asymptotic critical values 1% level 0.216000
5% level 0.146000  Asymptotic critical values®: 1% level 0.739000 5% level 0.146000
10% level 0.118000 5% level 0.463000 10% level 0.119000
10% level 0.347000
Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1) Phillips-Schmid!-Shin (1992, Table 1)
*Kwiatkowski-Phillips-3chmidt-Shin (1992, Table 1)

Residual variance (no correction) 0.000220 Residual variance (no correction) 0.000392
HAC corrected variance (Bartlett kernel} 0.000281  Rgsigual variance (no correction) 0.000220 HAC corrected variance (Bartlett kernel) 3.30E-06
HAC corrected variance (Bartlett kernel) 0.000284

KPSS Test Equation KP3§ Test Equation
Dependent Variable: CHANGE KPSS Test Equation Dependent Variable: D(CHANGE)
Method Least Squares Dependent Variable: CHANGE Method: Least Squares
Date: 07/03/20 Time: 23:54 WMethod: Least Squares Date: 07/03/20 Time: 23:56
Sample: 1/02/2014 4/20/2020 Date: 07/03/20 Time: 23.55 Sample (adjusted). 1/05/2014 4/30/2020
Included observations: 1587 Samb\e' 1002/2014 M.EEIJZEIEU Included observations: 1586 after adjustments
Variable Coefficient Std. Error t-Statistic Prob Included ebsenations: 1587 Variable Coefiicient Std. Error t-Statistic Prob
c 0000784 0000745 1052246 02928 Variable Coefficient  Std. Brror  tStalistic  Prob c 9A7E-05 0000995 -0.092133  0.2266
@TREND(/02/2014%)  -125E-06 8.13E-07 -1.538270 01242 @TREND("1/02i20147) 1.00E-07 1.09E-06 0.092324 0.9265
c -0.000208 0000373 -0.558941 05763
R-squared 0.001491 Mean dependent var -0.000208 R-squared 0.000005 Mean dependentwvar -1.21E-05
Adjusted R-squared 0.000861 SD. dependentuar 0014852 R-squared 0.000000  Mean dependent var 0000208 agjusted R-squared -0.000626 S.D. dependentvar 0.019799
) q P
S.E. of regression 0.0145845 Akaike info criterion 5530099 Adjusted R-squared 0.000000  3.D. dependent var 0.014852 SE. of regression 0.019806 Akaike info criterion -5.004435
Sum squared resid 0.349313 Schwarz criterion 5574224 SE. ofregression 0.014852  Akaike info criterion -5.580760 Sum squared resid 0.621348 Schwarz criterion -4.997665
Log likelihood 4430516  Hannan-Quinn criter. 5578477 Sum squared resid 0.349834 Schwarz criterion -5.577376 Log likelihood 3970.517 Hannan-Quinn criter, -5.001920
F-statistic 2366275 Durbin-Watson stat 1778783 Loglikelihood 4429333 Hannan-Quinn criter. -5.579503 F-statistic 0.008524 Durbin-Watson stat 2.869467
Prob(F-statistic) 0.124182 Durbin-Watson stat 1776132 Prob(F-statistic) 0.926452
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Qsl

400 —
B Series: Residuals
Sample 1/02/2014 4/30/2020
Observations 1577
300
Mean 1.86e-07
Median 4 45e-05
— Maximum 0.075844
200 - = Minimum -0.096955
Std. Dev. 0.011258
Skewness -0.571367
B Kurtosis 12.33654
100 ]
Jarque-Bera  5813.667
Probability 0.000000
0\"“h“'|""\‘ I L B B B B B B B B

0100  -0.075  -0.050  -0.025 0.000 0.025 0.050 0.075
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TASI

200
Series: Residuals
Sample 1/02/2014 4/30/2020
400 — Observations 1585
N Mean 1.04e-08
300 - Median 0.000547
Maximum 0.089247
Minimum -0.083153
o N Std. Dev. 0.012050
_ Skewness -0.545033
Kurtosis 12.47513
100 1 Jarque-Bera  6007.562
Probability 0.000000
0 1 T T T

008 -006 -004 002 000 002 004 006 008
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DFMGI

600
Series: Residuals
Sample 1/02/2014 4/30/2020
900 - Observations 1587
400 - Mean 5.21e-07
Median 0.000109
Maximum 0.130009
300 - Minimum -0.082691
Std. Dev. 0.014852
Skewness 0.065922
20 Kurtosis 13.12016
100 - Jarque-Bera  6773.510
Probability 0.000000
0 L————— —

|
-0.05 0.00 0.05 0.10



