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Summary :

This study aims to know the direction of the causal relationship between
monetary policy (monetary mass in its broad sense M2) and economic
growth represented by GDP during the period (1990-2021) and this is
based on annual data for each of M2 as an independent variable and PIB as
a dependent variable where it was applied Gronger causality, as well as the
application of the Angel Gronger methodology and the ARDL
autoregressive distributed time gaps methodology to measure the effect.
The results concluded that there is a two-way causal relationship with a
long-term equilibrium relationship.

Keywords: monetary mass, economic growth, Gronger causality, Angel
Gronger model, ARDL model.
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Pairwise Granger Causality Tests
Date: 06/01/23 Time: 22:40
Sample: 1990 2021

Lags: 1

Null Hypothesis: Obs F-Statistic Prob.
LOGPIB does not Granger Cause LOGM2 31 4.34238 0.0464
LOGM2 does not Granger Cause LOGPIB 4.87855 0.0355
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Variable coefticient Std. Error t-Statistic Prob.
C 1.934363 0.178242 10.85246 0.0000
LOGM?2 0.825633 0.021451 38.48898 0.0000
logGDP, = 1.934363 + 0.825633logM?2,
R? = 0.98

F-statistic=1481.471 , Prob(F-sta)=0.0000 , DW=0.68
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Dependent Variable: LOGPIB

Method: Least Squares

Date: 05/27/23 Time: 18:31

Sample (adjusted): 1991 2021

Included observations: 31 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

C 2.172571 0.126338 17.19643 0.0000

LOGM2 0.798340 0.015085 52.92163 0.0000

E1(-1) 0.539419 0.122096 4.417993 0.0001

R-squared 0.990301 Mean dependent var 8.791707

Adjusted R-squared 0.989608 S.D. dependent var 0.998005

S.E. of regression 0.101737 Akaike info criterion -1.641081

Sum squared resid 0.289813 Schwarz criterion -1.502308

Log likelihood 28.43675 Hannan-Quinn criter. -1.595844

F-statistic 1429.433 Durbin-Watson stat 1.814507
Prob(F-statistic) 0.000000

(Eviews 12) oz Lo slaeVU cudllall slas) s 0 ydaall
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VAR Lag Order Selection Criteria
Endogenous variables: LOGM2 LOGPIB
Exogenous variables: C

Date: 05/27/23 Time: 18:40

Sample: 1990 2021

Included observations: 30

Lag LogL LR FPE AIC SC HQ
0 -26.49848 NA 0.022919 1.899899 1.993312 1.929783
1 66.82184  167.9766*  5.95e-05* -4.054789* -3.774550* -3.965138*
2 68.83918 3.362239 6.83e-05 -3.922612  -3.455546  -3.773194
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=

Median 0.007824

Maximum 0.164438

Minimum -0.156861

Std. Dev. 0.082924

Skewness -0.265994

I I I Kurtosis 2.339937
.. . Jarque-Bera  0.928312

-0.15 -0.10 -0. 05 0.00 0. 0.15 Probability  0.628665
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Series: Residuals
Sample 1991 2021
Observations 31

Mean -7.11e-16

( Eviews12) clrz e slazeVU cudlall slas) car yiaall
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el el s Bl 06 ey Y05
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Breusch-Godfrey Serial Correlation LM Test:
Null hypothesis: No serial correlation at up to 1 lag

F-statistic 0.007998 Prob. F(1,27) 0.9294
Obs*R-squared 0.009180 Prob. Chi-Square(1) 0.9237

(Eviews12) ez e slaeVU ol slas] er jiaall
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Heteroskedasticity Test: ARCH

F-statistic 0.020218 Prob. F(1,28) 0.8879
Obs*R-squared 0.021647 Prob. Chi-Square(1) 0.8830
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F-Bounds Test Null Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) I(1)
Asymptotic:
n=1000

F-statistic 28.57383 10% 3.02 3.51
K 1 5% 3.62 4.16
2.5% 4.18 4.79

1% 4.94 5.58
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ARDL Long Run Form and Bounds Test
Dependent Variable: D(LOGPIB)

Selected Model: ARDL(1, 0)

Case 2: Restricted Constant and No Trend
Date: 05/27/23 Time: 18:48

Sample: 1990 2021

Included observations: 31

Conditional Error Correction Regression

Variable Coefficient Std. Error t-Statistic Prob.
C 1.066467 0.202801 5.258698 0.0000
LOGPIB(-1)* -0.317636 0.109606 -2.897983 0.0072
LOGM2** 0.218019 0.094717 2.301791 0.0290

* p-value incompatible with t-Bounds distribution.
** Variable interpreted as Z = Z(-1) + D(2).

R-squared 0.485852 Mean dependent var 0.118678
Adjusted R-squared 0.485852 S.D. dependent var 0.115647
S.E. of regression 0.082924 Akaike info criterion -2.110068
Sum squared resid 0.206290 Schwarz criterion -2.063810
Log likelihood 33.70605 Hannan-Quinn criter. -2.094989
Durbin-Watson stat 1.903831

* p-value incompatible with t-Bounds distribution.
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Levels Equation
Case 2: Restricted Constant and No Trend

Variable Coefficient Std. Error t-Statistic Prob.
LOGM2 0.686380 0.070991 9.668564 0.0000
C 3.357511 0.700404 4.793675 0.0000

EC = LOGPIB - (0.6864*LOGM2 + 3.3575)
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1990 1995 2000 2005

2010

Dot Jead -1-1

2015 2020

() die) LoV () degl) Aledd 1A B3 Y1 s -2-1

Date: 05/24/23 Time: 17:12
Sample: 1990 2021
Included observations: 32

Autocorrelation Partial Correlation AC

PAC

Q-Stat

Prob

i I******* i |*******

0.909
0.821
0.736
0.651
0.565
0.476
0.385
0.293
0.206
0.112
0.018
-0.052

.l******l ||
.I*****l ||
N e N
N i .
N
1
1
e el 9
S 1 10
el N 11
A 1 12

I'k** I

i |*** |

oO~NO O~ WDNPR

I

0.909
-0.035
-0.026
-0.055
-0.052
-0.069
-0.078
-0.072
-0.043
-0.109
-0.086

0.052

29.025
53.470
73.814
90.258
103.11
112.61
119.07
122.96
124.96
125.59
125.60
125.75

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

H(pdlaze) loV) () del abadld samgl) i jlas) =31

Null Hypothesis: LOGM2 has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=7)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -0.660887 0.9674
Test critical values: 1% level -4.284580
5% level -3.562882



10% level -3.215267

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

Null Hypothesis: LOGM2 has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=7)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -2.533868 0.1175
Test critical values: 1% level -3.661661
5% level -2.960411
10% level -2.619160
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: LOGM2 has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=7)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic 6.479549 1.0000
Test critical values: 1% level -2.641672
5% level -1.952066
10% level -1.610400

*MacKinnon (1996) one-sided p-values.
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Date: 05/24/23 Time: 17:17
Sample (adjusted): 1991 2021
Included observations: 31 after adjustments

e\ SUREN VRS

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
*. | ] 1 0.201 0.201 1.3808 0.240
] il I 2 -0.191 -0.241 2.6679 0.263
[*. | ] 3 0.091 0.207 2.9676 0.397
[*. | e 4 0.179 0.063 4.1842 0.382
[*. | ] 5 0.126 0.143 4.8104 0.439
[*. | ] 6 0.118 0.109 5.3772 0.496
e e 7 0.011 -0.028 5.3820 0.613
] ] 8 -0.174 -0.191 6.7249 0.567
L ] 9 0.091 0.144 7.1135 0.625
k| ] 10 0.271 0.111 10.689 0.382
e ] 11 -0.035 -0.072 10.751 0.464
] e 12 -0.167 -0.059 12.257 0.425
: ADF L1 -3-2
Null Hypothesis: D(LOGM2) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 1 (Automatic - based on SIC, maxlag=7)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -5.345437 0.0008
Test critical values: 1% level -4.309824
5% level -3.574244
10% level -3.221728
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: D(LOGM2) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=7)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -4.347410 0.0018
Test critical values: 1% level -3.670170
5% level -2.963972
10% level -2.621007
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: D(LOGM2) has a unit root
Exogenous: None
Bandwidth: 1 (Newey-West automatic) using Bartlett kernel
Adj. t-Stat Prob.*




Phillips-Perron test statistic -2.188284 0.0297
Test critical values: 1% level -2.644302

5% level -1.952473

10% level -1.610211

*MacKinnon (1996) one-sided p-values.
H(Gynad) aie) 1LY (loggdp) sl aladdl i) axat anlys -3

(st aie) 1oV (loggdp) s alededd L1 Jtad) =1-3

LOGPIB

10.5
10.0
9.5
9.0
8.5
8.0
7.5
7.0
6.5

6.0
1990 1995 2000 2005 2010 2015 2020

H(syed) i) 1oV (loggdp) et alededd 31U b,y alls -2-3

Date: 05/25/23 Time: 10:24
Sample: 1990 2021
Included observations: 32
Autocorrelation Partial Correlation AC PAC Q-Stat Prob

0.885 0.885 27.500 0.000
0.795 0.054 50.432 0.000
0.702 -0.053 68.930 0.000
0.604 -0.080 83.104 0.000
0.512 -0.036 93.676 0.000

| 0.429 -0.013 101.39 0.000

. 0.355 -0.010 106.88 0.000
P . 0.277 -0.066 110.37 0.000
L M 0.193 -0.101 112.13 0.000
N ML 10 0.110 -0.068 112.73 0.000
. . 11 0.040 -0.007 112.81 0.000
e ] 12 -0.031 -0.055 112.86 0.000

i |******| i |******|
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i I*****l i | . |
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Null Hypothesis: LOGPIB has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=7)

ekl sl 0 Last =3-3

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -2.311233 0.4159
Test critical values: 1% level -4.284580
5% level -3.562882
10% level -3.215267
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: LOGPIB has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=7)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -4.292936 0.0020
Test critical values: 1% level -3.661661
5% level -2.960411
10% level -2.619160
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: LOGPIB has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=7)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic 4.875518 1.0000
Test critical values: 1% level -2.641672
5% level -1.952066
10% level -1.610400

*MacKinnon (1996) one-sided p-values.
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)
4
3
2
A
.0
-1
-2
1990 1995 2000 2005 2010 2015 2020
Al bl N s —-2-4
Date: 05/25/23 Time: 10:29
Sample (adjusted): 1992 2021
Included observations: 30 after adjustments
Autocorrelation Partial Correlation AC PAC Q-Stat Prob
i I il 1 -0.223 -0.223 1.6536 0.198
i I ke I 2 -0.296 -0.365 4.6663 0.097
. L 3 0.004 -0.204 4.6669 0.198
e kel IO 4 -0.028 -0.252 4.6963 0.320
] N 5 0.253 0.132 7.1500 0.210
e L 6 0.025 0.115 7.1743 0.305
I e 7 -0.200 0.004 8.8426 0.264
N N i 8 0.127 0.193 9.5501 0.298
K . 9 -0.132 -0.103 10.349 0.323

| . 11 0.291 0.128 14.786 0.192

I
|
. ML 10 -0.058 -0.168 10.508 0.397
I
| 12 -0.180 -0.117 16.518 0.169

-1 *

su>ll ikl jlasl =3-4

Null Hypothesis: D(LOGPIB) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=7)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -6.165132 0.0001
Test critical values: 1% level -4.296729




5% level -3.568379
10% level -3.218382

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

Null Hypothesis: D(LOGPIB) has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=7)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -5.214785 0.0002
Test critical values: 1% level -3.670170
5% level -2.963972
10% level -2.621007
*MacKinnon (1996) one-sided p-values.
Null Hypothesis: D(LOGPIB) has a unit root
Exogenous: None
Lag Length: 4 (Automatic - based on SIC, maxlag=7)
t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -2.262947 0.0254
Test critical values: 1% level -2.656915
5% level -1.954414
10% level -1.609329

*MacKinnon (1996) one-sided p-values.
:(OLS) s pall wla M aiy b alascaly oV ahsb @) i -5

Dependent Variable: LOGPIB
Method: Least Squares

Date: 05/25/23 Time: 10:33
Sample: 1990 2021

Included observations: 32

Variable Coefficient Std. Error t-Statistic Prob.
LOGM2 0.825633 0.021451 38.48988 0.0000

C 1.934363 0.178242 10.85246 0.0000

R-squared 0.980152 Mean dependent var 8.714490
Adjusted R-squared 0.979490 S.D. dependent var 1.074561
S.E. of regression 0.153891 Akaike info criterion -0.844687
Sum squared resid 0.710470 Schwarz criterion -0.753079
Log likelihood 15.51500 Hannan-Quinn criter. -0.814322
F-statistic 1481.471 Durbin-Watson stat 0.680509

Prob(F-statistic) 0.000000




oLl

Null Hypothesis: E1 has a unit root
Exogenous: None
Lag Length: 0 (Automatic - based on SIC, maxlag=7)

o) dg)l il dul)s =6

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -3.767829 0.0005
Test critical values: 1% level -2.641672
5% level -1.952066
10% level -1.610400
*MacKinnon (1996) one-sided p-values.
VAR Lag Order Selection Criteria
Endogenous variables: LOGM2 LOGPIB
Exogenous variables: C
Date: 05/27/23 Time: 18:40
Sample: 1990 2021
Included observations: 30
Lag LogL LR FPE AIC SC HQ
0 -26.49848 NA 0.022919 1.899899 1.993312 1.929783
1 66.82184  167.9766* 5.95e-05* -4.054789* -3.774550* -3.965138*
2 68.83918 3.362239 6.83e-05 -3.922612  -3.455546  -3.773194
* indicates lag order selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
AIC: Akaike information criterion
SC: Schwarz information criterion
HQ: Hannan-Quinn information criterion
Date: 05/27/23 Time: 18:44
Sample (adjusted): 1992 2021
Included observations: 30 after adjustments
Trend assumption: Linear deterministic trend
Series: LOGPIB LOGM2
Exogenous series: LOGPIB
Warning: Critical values assume no exogenous series
Lags interval (in first differences): 1 to 1
Unrestricted Cointegration Rank Test (Trace)
Hypothesized Trace 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None 1.000000 NA 15.49471 NA
At most 1 * 0.182487 6.044652 3.841465 0.0139

Trace test indicates 2 cointegrating eqn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values



Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05
No. of CE(s) Eigenvalue Statistic Critical Value Prob.**
None 1.000000 NA 14.26460 NA
At most 1 * 0.182487 6.044652 3.841465 0.0139

Max-eigenvalue test indicates 2 cointegrating egn(s) at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values

Vector Error Correction Estimates

Date: 05/27/23 Time: 18:45

Sample (adjusted): 1992 2021

Included observations: 30 after adjustments
Standard errors in () & t-statistics in [ ]

Cointegrating Eq: CointEql
LOGPIB(-1) 1.000000
LOGM2(-1) -0.672058
(0.05621)
[-11.9562]
C -3.217279
Error Correction: D(LOGPIB) D(LOGM2)
CointEql -0.284679 0.067678
(0.08531) (0.09157)
[-3.33698] [ 0.73906]
D(LOGPIB(-1)) 0.053513 0.387805
(0.14346) (0.15399)
[0.37302] [ 2.51836]
D(LOGM2(-1)) -0.222438 0.161158
(0.17219) (0.18483)
[-1.29180] [0.87192]
C 0.130160 0.062826
(0.03112) (0.03340)
[4.18273] [ 1.88087]
R-squared 0.340163 0.229209
Adj. R-squared 0.264028 0.140272
Sum sq. resids 0.183584 0.211527
S.E. equation 0.084029 0.090198
F-statistic 4.467891 2.577195
Log likelihood 33.87606 31.75085
Akaike AIC -1.991738 -1.850057
Schwarz SC -1.804911 -1.663230
Mean dependent 0.107177 0.129223
S.D. dependent 0.097949 0.097278
Determinant resid covariance (dof adj.) 5.56E-05

Determinant resid covariance 4.18E-05



66.11674
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Null Hypothesis: No levels relationship

F-Bounds Test

I(1)

1(0)

Signif.

Value

Test Statistic

1000

Asymptotic:
n

3.51
4.16
4.79
5.58

3.02
3.62
4.18
4.94

10%

28.57383

F-statistic

5%
2.5%

1%

Finite Sample:

n=35

31

Actual Sample Size

3.757

3.223
3.957

10%

4.53
6.48

5%
1%

5.763

Finite Sample:

n=30

3.797

3.303

10%

4.663

4.09
6.027

5%
1%

6.76




ARDL Long Run Form and Bounds Test
Dependent Variable: D(LOGPIB)

Selected Model: ARDL(1, 0)

Case 2: Restricted Constant and No Trend
Date: 05/27/23 Time: 18:48

Sample: 1990 2021

Included observations: 31

Conditional Error Correction Regression

Variable Coefficient Std. Error t-Statistic Prob.
C 1.066467 0.202801 5.258698 0.0000
LOGPIB(-1)* -0.317636 0.109606 -2.897983 0.0072
LOGM2** 0.218019 0.094717 2.301791 0.0290
* p-value incompatible with t-Bounds distribution.
** Variable interpreted as Z = Z(-1) + D(2).
Levels Equation
Case 2: Restricted Constant and No Trend
Variable Coefficient Std. Error t-Statistic Prob.
LOGM2 0.686380 0.070991 9.668564 0.0000
C 3.357511 0.700404 4.793675 0.0000
EC = LOGPIB - (0.6864*LOGM2 + 3.3575)
ARDL Error Correction Regression
Dependent Variable: D(LOGPIB)
Selected Model: ARDL(1, 0)
Case 2: Restricted Constant and No Trend
Date: 06/01/23 Time: 22:07
Sample: 1990 2021
Included observations: 31
ECM Regression
Case 2: Restricted Constant and No Trend
Variable Coefficient Std. Error t-Statistic Prob.
CointEq(-1)* -0.317636 0.033144 -9.583552 0.0000
R-squared 0.485852 Mean dependent var 0.118678
Adjusted R-squared 0.485852 S.D. dependent var 0.115647
S.E. of regression 0.082924 Akaike info criterion -2.110068
Sum squared resid 0.206290 Schwarz criterion -2.063810
Log likelihood 33.70605 Hannan-Quinn criter. -2.094989
Durbin-Watson stat 1.903831

* p-value incompatible with t-Bounds distribution.

Breusch-Godfrey Serial Correlation LM Test:



Null hypothesis: No serial correlation at up to 1 lag

F-statistic 0.007998 Prob. F(1,27) 0.9294
Obs*R-squared 0.009180 Prob. Chi-Square(1) 0.9237

Heteroskedasticity Test: ARCH

F-statistic 0.020218 Prob. F(1,28) 0.8879
Obs*R-squared 0.021647 Prob. Chi-Square(1) 0.8830
7
Series: Residuals
6 Sample 1991 2021
Observations 31
5
Mean -7.11e-16
4 Median 0.007824
Maximum 0.164438
3 Minimum -0.156861
2 Std. Dev. 0.082924
Skewness -0.265994
1 I I Kurtosis 2.339937
0 .. . Jarque-Bera  0.928312
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 Probability 0.628665
1.4
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—— CUSUM of Squares - 5% Significance



16
12

94 96 98 00 02 04 06

—— CUSUM
LOGPIB LOGM2
0.99002615123
LOGPIB 1 98668
0.99002615123
LOGM2 98668 1

Pairwise Granger Causality Tests
Date: 06/01/23 Time: 22:40
Sample: 1990 2021

08 10 12 14 16 18

5% Significance

Lags: 1
Null Hypothesis: Obs F-Statistic Prob.
LOGPIB does not Granger Cause LOGM2 31 4.34238 0.0464

LOGM2 does not Granger Cause LOGPIB

4.87855 0.0355

20






