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Using Box-Jenkins Methodology Test
To Analyze the General Trend of the Rate of

Return on Assets in the Private Banking Sector
""An applied study on private banks in the Syrian
Arab Republic for the period 2009-2017""

Dr. Yasser Aljundi’

Abstract

The banking sector plays an important role in the economy
because of its importance in mobilizing financial resources from
cash surplus units, as it works to use them in various investment
channels, which may help the economic sectors to carry out their
various activities.

The rules used in banks to guard against risks have witnessed
great development in recent years as a result of the development in
banking systems on the one hand, and the expansion of the
business volume and the accompanying increase in the size of the
risk, which thus ensures high returns and profits for these banks.
The rate of return on assets is one of the important indicators that
measure the Capital Efficiency, and hence the bank’s strength and
ability to cope with potential risks.

Accordingly, this research examines a proposed model for
forecasting this indicator in order to face the potential changes
that arise from changing this indicator in a minimal way.

Keywords: Time Series Analysis, Box-Jenkins, Arima Models,
Forecast, Stability.

" Lecturer at Department of Applied Statistics- Faculty of Economics, Damascus
University.
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ROA =-0.378 +0.1659*t
(0.150)  (0.0298)

i isalll judi 7 - 5
2ilal) Jana 8 Unassia 1yt s (Tanls Lele) saaly san s laiay il s ()
il Jalee jeday LaSy clgads jnill 4gans 0.1659 laiay ASlall 35éa o
laldie) oy Sy Jsa¥) o ilall Jane 3 il (g Ly %81 Gl Jandl)

(o) e e

zisalll Aygina Judai 8 — 5

Ay il zhsaill (8 Al o UadY) dasgial il 3all dad celil LS
Nt Aagitl) Jamal) aall Jalee dad & jell LS (Vg 123 508
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Gy 288 (18 Balall) JSS z3saill 450l F-Fisher [lial dad ) kil
i La (0.00114) oy (Gasmane AV (s5iusa) dysinn g5iume Jolia 31,027
L asll =350l 4 5ins
Sluagilly @il 9 - 5
e 25l Jame dadat 8 (HaSia —(S5) dingie dadiud (Sa Y L1
ey Al e aldie) dgysu 3 galall Jdyaad) g Uil & Jsual!
claalie ad (e
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D
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t@adall daild
| Easa Aaldll Cojlaall (e dadiadly Sl 8 daadiidl cliball Jsaa
ADJ_ROA t year
-0.06502 1 2009
0.019867 2 2010
0.130414 3 2011
0.109063 4 2012
0.31832 5 2013
0.332432 6 2014
0.966321 7 2015
1.132868 8 2016

Ol (B AN J o) o adlal) Jural add) jlasi¥) zdgad (1) Galal)
Dependent Variable: ROA
Method: Least Squares

Sample: 2009 2017
Included observations: 9

Prob. t-Statistic Std. Error Coefficient Variable

0.9283 -0.093331 0.360215 -0.033619 C
0.3618 0.975486 0.064012 0.062443 T

0.278594 Mean dependent var 0.119671 R-squared
0.494330 S.D. dependent var 0.006090 Adjusted R-squared
1.627976 Akaike info criterion 0.495833 S.E. of regression
1.671804 Schwarz criterion 1.720954 Sum squared resid
1.533396 Hannan-Quinn criter. -5.325892 Log likelihood
1.763733 Durbin-Watson stat 0.951574 F-statistic

0.361817 Prob(F-statistic)
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2.0

1.5

1.0

0.5 |

0.0 |

-0.5 ]

-1.0

-1.5

2009 2010 2011 2012 2013

2014

Forecast: ROAF
Actual: ROA
Forecast sample: 2009 2017
Included observations: 9
Root Mean Squared Error  0.437284
Mean Absolute Error 0.282114
Mean Abs. Percent Error  108.0972
Theil Inequality Coefficient 0.505612
7777777777 Bias Proportion 0.000000
Variance Proportion 0.485956
Covariance Proportion  0.514044
: : : Theil U2 Coefficient 0.421573
2015 2016 2017 Symmetric MAPE 88.02470

+2 SE.

Ol b AN Joual) o wilal) Jamal ag il Jlasi¥) g isal (2) Gala

Dependent Variable: ROA
Method: Least Squares

Sample: 2009 2017
Included observations: 9

Prob. t-Statistic Std. Error Coefficient ~ Variable

0.3694 -0.970232 0.620152 -0.601691 C

0.2389 1.307465 0.284750 0.372300 T

0.3072 -1.115756 0.027771 -0.030986 T2

0.278594 Mean dependent var 0.270940 R-squared

0.494330 S.D. dependent var 0.027920 Adjusted R-squared

1.661658 Akaike info criterion 0.487381 S.E. of regression

1.727400 Schwarz criterion 1.425239 Sum squared resid

1.519788 Hannan-Quinn criter. -4.477463 Log likelihood

1.828384 Durbin-Watson stat 1.114889 F-statistic
0.387516 Prob(F-statistic)

EL
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2.0

1.5

1.0

0.5

-1.0

-1.5

2.0

/’\

2009

T T T T T T T
2010 2011 2012 2013 2014 2015 2016 2017

Forecast: ROAF

Actual: ROA

Forecast sample: 2009 2017

Included observations: 9

Root Mean Squared Error  0.397945

Mean Absolute Error 0.314605

Mean Abs. Percent Error  113.6593

Theil Inequality Coefficient 0.436156
Bias Proportion 0.000000
Variance Proportion 0.315340
Covariance Proportion  0.684660

Theil U2 Coefficient 0.961929

Symmetric MAPE 82.58562

—— ROAF - +2SE.

Ol B NS J o) o ailal) Juonal ) jlaai¥) zigad (3) Galal)
Dependent Variable: ROA

Method: Least Squares

Sample: 2009 2017
Included observations: 9

Prob. t-Statistic Std. Error Coefficient Variable
0.1273 1.729936 0.196503 0.339937 C
0.5446 -0.636718 6.76E-05 -4.31E-05 EXP(T)
0.278594 Mean dependent var 0.054745 R-squared
0.494330 S.D. dependent var 0.080291 Adjusted R-squared
1.699135 Akaike info criterion 0.513792 S.E. of regression
1.742963 Schwarz criterion 1.847878 Sum squared resid
1.604555 Hannan-Quinn criter. -5.646108 Log likelihood
1.292436 Durbin-Watson stat 0.405409 F-statistic

0.544560 Prob(F-statistic)
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Forecast: ROAF
1.0 Actual: ROA
Forecast sample: 2009 2017
05 | Included observations: 9
— Root Mean Squared Error  0.453122
0.0 \ Mean Absolute Error 0.356628
Mean Abs. Percent Error  317.5926
05 Theil Inequality Coefficient 0.538052
77777 Bias Proportion 0.000000
1.0 Variance Proportion 0.620776
Covariance Proportion  0.379224
15 : : : : : : : - Theil U2 Coefficient 1.844373
2009 2010 2011 2012 2013 2014 2015 2016 2017 Symmetric MAPE 112.5233

Jeal) o ailal)

+2SE.

Jtna Aluades i LAY (4) (alal

aladl olag¥) o adalill) Jalaa (3999 (s gimnal) Aic
Null Hypothesis: ROA has a unit root

Exogenous: None

Lag Length: 1 (Automatic - based on SIC, maxlag=1)

Prob.* t-Statistic

0.0328 -2.249072  Augmented Dickey-Fuller test statistic
-2.937216 1% level Test critical values:
-2.006292 5% level
-1.598068 10% level

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations
and may not be accurate for a sample size of 7

Augmented Dickey-Fuller Test Equation

Dependent Variable: D(ROA)
Method: Least Squares

Date: 02/01/20 Time: 15:20
Sample (adjusted): 2011 2017

Included observations: 7 after adjustments
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Prob. t-Statistic ~ Std. Error Coefficient ~ Variable

0.0744 -2.249072 0.577879 -1.299692 ROA(-1)

0.1732 1.587698 1.289869 2.047923 D(ROA(-1))
-0.065256 Mean dependent var 0.504724 R-squared

0.697693 S.D. dependent var 0.405669 Adjusted R-squared
1.832562 Akaike info criterion 0.537871 S.E. of regression
1.817108 Schwarz criterion 1.446528 Sum squared resid
1.641550 Hannan-Quinn criter. -4.413967 Log likelihood

1.803290 Durbin-Watson stat

Jaal) o ailal) Jaee Adades i U530 (5) galal

G5iuall die ale olad) ¢ gag adalEil) as e
Null Hypothesis: ROA has a unit root
Exogenous: Constant
Lag Length: 1 (Automatic - based on SIC, maxlag=1)

Prob.* t-Statistic

0.1536 -2.494446 Augmented Dickey-Fuller test statistic
-4.803492 1% level Test critical values:
-3.403313 5% level
-2.841819 10% level

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations
and may not be accurate for a sample size of 7

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(ROA)
Method: Least Squares
Date: 02/01/20 Time: 15:22

Sample (adjusted): 2011 2017
Included observations: 7 after adjustments

Prob. t-Statistic Std. Error Coefficient Variable
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0.0672 -2.494446 0.643559 -1.605322 ROA(-1)
0.2263 1.428568 1.293176 1.847391 D(ROA(-1))
0.3560 1.042590 0.296120 0.308732 C

0.065256 Mean dependent var 0.610555 R-squared
0.697693 S.D. dependent var 0.415833 Adjusted R-squared
1.877883 Akaike info criterion 0.533252 S.E. of regression
1.854702 Schwarz criterion 1.137433 Sum squared resid
1.591366 Hannan-Quinn criter. -3.572592 Log likelihood
1.759493 Durbin-Watson stat 3.135519 F-statistic

0.151667 Prob(F-statistic)

0939 abalEil) aa aa Jgual) o adlal) Jane Aada jlaia) LE3) (6) (salal)
Ja¥) Al sis alad) olasy)
Null Hypothesis: D(ROA) has a unit root

Exogenous: Constant
Lag Length: 1 (Automatic — based on SIC, maxlag=1)

Prob.* t-Statistic

0.0905 -2.984050  Augmented Dickey-Fuller test statistic
-5.119808 1% level Test critical values:
-3.519595 5% level
-2.898418 10% level

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations
and may not be accurate for a sample size of 6

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(ROA,2)
Method: Least Squares
Date: 02/01/20 Time: 15:24
Sample (adjusted): 2012 2017
Included observations: 6 after adjustments
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Prob. t-Statistic ~ Std. Error Coefficient Variable
0.0584 -2.984050  1.561616 -4.659941 D(ROA(-1))
0.0654 2.844569 0.979737 2.786929 D(ROA(-1),2)
0.2146 1.569299 0.348201 0.546431 C
-0.280056 Mean dependent var 0.760954 R-squared
0.806904 S.D. dependent var 0.601591 Adjusted R-squared
1.795353 Akaike info criterion 0.509315 S.E. of regression
1.691233 Schwarz criterion 0.778206 Sum squared resid
1.378551 Hannan-Quinn criter. -2.386060 Log likelihood
2.252897 Durbin-Watson stat 4.774955 F-statistic
0.116875 Prob(F-statistic)

(199 pdalanl) JA&AJJAA‘Y‘UJG dilad) Jare Aloda )y \Jl,is\( 7 ) calall
gil.“d\ Al A alad) olasy)
Null Hypothesis: D(ROA,2) has a unit root

Exogenous: Constant
Lag Length: 1 (Automatic - based on SIC, maxlag=1)

Prob.* t-Statistic

0.3374 -1.809780 Augmented Dickey-Fuller test statistic
-5.604618 1% level Test critical values:
-3.694851 5% level
-2.982813 10% level

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations
and may not be accurate for a sample size of 5

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(ROA,3)
Method: Least Squares
Date: 02/01/20 Time: 15:25
Sample (adjusted): 2013 2017
Included observations: 5 after adjustments
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Prob. t-Statistic Std. Error Coefficient Variable
0.2120 -1.809780 4.584008 -8.296046 D(ROA(-1),2)
0.2253 1.732781 2.644641 4.582584 D(ROA(-1),3)
0.6798 0.478019 0.468341 0.223876 C

0.320888 Mean dependent var 0.623588 R-squared
0.901956 S.D. dependent var 0.247176 Adjusted R-squared
2.631284 Akaike info criterion 0.782586 S.E. of regression
2.396947 Schwarz criterion 1.224882 Sum squared resid
2.002346 Hannan-Quinn criter. -3.578210 Log likelihood
2.196185 Durbin-Watson stat 1.656664 F-statistic

0.376412 Prob(F-statistic)

alad) slad¥ly adalil) as pa Jpual) Ao ailal) Jana Aades i) L3 (8)salal

G 5mal) Aic
Null Hypothesis: ROA has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 1 (Automatic — based on SIC, maxlag=1)

Prob.* t-Statistic

0.0862 -3.874320 Augmented Dickey-Fuller test statistic
-6.292057 1% level Test critical values:
-4.450425 5% level
-3.701534 10% level

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations
and may not be accurate for a sample size of 7

Augmented Dickey-Fuller Test Equation
Dependent Variable: D(ROA)
Method: Least Squares
Date: 02/01/20 Time: 15:26
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Sample (adjusted): 2011 2017
Included observations: 7 after adjustments

Prob. t-Statistic Std. Error Coefficient Variable

0.0304 -3.874320 1.012591 -3.923100 ROA(-1)

0.0579 2.994038 0.919984 2.754466 D(ROA(-1))

0.1597 -1.860745 0.594862 -1.106887 C

0.0864 2517113 0.179317 0.451360 @TREND(“2009”)
0.065256 Mean dependent var 0.874855 R-squared

0.697693 S.D. dependent var 0.749710 Adjusted R-squared

1.028347 Akaike info criterion 0.349048 S.E. of regression

0.997439 Schwarz criterion 0.365505 Sum squared resid

0.646324 Hannan-Quinn criter. 0.400784 Log likelihood

2.528615 Durbin-Watson stat 6.990744 F-statistic

0.072269 Prob(F-statistic)

slad¥ly adaliil) aa aa Jgua¥) o wilad) Jave Aud jliia) LSRN 9) Galdll

J¥1 AN aie alal)
Null Hypothesis: D(ROA) has a unit root

Exogenous: Constant, Li

near Trend

Lag Length: 1 (Automatic - based on SIC, maxlag=1)
Prob.* t-Statistic
0.3871 -2.278778 Augmented Dickey-Fuller test statistic

-7.006336
-4.773194
-3.877714

1% level Test critical values:
5% level
10% level

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations
and may not be accurate for a sample size of 6

Augmented Dickey-Fuller Test Equation
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Dependent Variable: D(ROA,2)

Method: Least Squares

Date: 02/01/20 Time: 15:26

Sample (adjusted): 2012 2017
Included observations: 6 after adjustments

Prob. t-Statistic Std. Error Coefficient ~ Variable

0.1503 -2.278778 3.216765 -7.330294 D(ROA(-1))

0.1435 2.346311 1.795714 4.213303 D(ROA(-1),2)

0.7836 -0.313418 0.954063 -0.299021 C

0.4407 0.954079 0.251816 0.240253 @TREND("'2009")
0.280056 Mean dependent var 0.835723 R-squared

0.806904 S.D. dependent var 0.589306 Adjusted R-squared

1.753589 Akaike info criterion 0.517108 S.E. of regression

1.614762 Schwarz criterion 0.534800 Sum squared resid

1.197853 Hannan-Quinn criter. -1.260768 Log likelihood

2.503136 Durbin-Watson stat 3.391509 F-statistic

0.236000 Prob(F-statistic)

slai¥ g adalill) aa e Jgual) o wilad) Jama Aol jlEiu) LES) (10) alal

g.a'&\ GUAll s alad)
Null Hypothesis: D(ROA,2) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 1 (Automatic - based on SIC, maxlag=1)

Prob.* t-Statistic

0.7085 -1.515031  Augmented Dickey-Fuller test statistic
-8.235570 1% level Test critical values:
-5.338346 5% level
-4.187634 10% level

*MacKinnon (1996) one-sided p-values.
Warning: Probabilities and critical values calculated for 20 observations
and may not be accurate for a sample size of 5
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Augmented Dickey-Fuller Test Equation
Dependent Variable: D(ROA,3)
Method: Least Squares
Date: 02/01/20 Time: 15:27
Sample (adjusted): 2013 2017
Included observations: 5 after adjustments

Prob. t-Statistic Std. Error Coefficient Variable
0.3714 -1.515031 55.70284 -84.39154 D(ROA(-1),2)
0.3738 1.502957 33.54920 50.42300 D(ROA(-1),3)
0.4050 -1.353963  15.02438 -20.34245 C
0.4016 1.369327 3.157089 4.323086 @TREND("'2009")
-0.320888 Mean dependent var 0.869077 R-squared
0.901956 S.D. dependent var 0.476307 Adjusted R-squared
1.975212 Akaike info criterion 0.652716 S.E. of regression
1.662762 Schwarz criterion 0.426038 Sum squared resid
1.136628 Hannan-Quinn criter. -0.938030 Log likelihood
2.832676 Durbin-Watson stat 2.212685 F-statistic
0.450440 Prob(F-statistic)
(11) @l

Dependent Variable: ROA
Method: ARMA Maximum Likelihood (BFGS)
Date: 02/02/20 Time: 05:36
Sample: 2009 2017
Included observations: 9
Convergence achieved after 28 iterations
Coefficient covariance computed using outer product of gradients

Prob. t-Statistic Std. Error Coefficient  Variable
0.6840 0.431677 0.498745 0.215296 C

0.9009 -0.131027 1.700883 -0.222861 AR(1)
1.0000 2.45E-05 40896.96 0.999982 MA(1)
0.9998 0.000226 662.2270 0.149835 SIGMASQ
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0.278594 Mean dependent var 0.310189 R-squared

0.494330 S.D. dependent var -0.103698 Adjusted R-squared
2.040194 Akaike info criterion 0.519329 S.E. of regression
2.127850 Schwarz criterion 1.348512 Sum squared resid
1.851034 Hannan-Quinn criter. -5.180875 Log likelihood
1.504018 Durbin-Watson stat 0.749453 F-statistic

0.567709 Prob(F-statistic)

-22 Inverted AR Roots
-1.00 Inverted MA Roots
(12) @alad

Dependent Variable: ROA
Method: ARMA Maximum Likelihood (BFGS)
Date: 02/02/20 Time: 05:36
Sample: 2009 2017
Included observations: 9
Convergence achieved after 36 iterations
Coefficient covariance computed using outer product of gradients

Prob. t-Statistic Std. Error Coefficient ~ Variable

0.3998 0.919882 0.277919 0.255653 C

0.4284 -0.861365 0.654096 -0.563415 AR(2)

1.0000 6.01E-06 166462.3 0.999995 MA(1)

0.9999 0.000128 802.1754 0.102469 SIGMASQ
0.278594 Mean dependent var 0.528249 R-squared
0.494330 S.D. dependent var 0.245199 Adjusted R-squared
1.871289 Akaike info criterion 0.429471 S.E. of regression
1.958945 Schwarz criterion 0.922225 Sum squared resid
1.682129 Hannan-Quinn criter. -4.420801 Log likelihood
1.598849 Durbin-Watson stat 1.866272 F-statistic

0.252860 Prob(F-statistic)

-.00-.75i -.00+.75i Inverted AR Roots
-1.00 Inverted MA Roots
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(13) Galal)

Dependent Variable: ADJ_ROA

Method: Least Squares

Date: 02/02/20 Time: 06:33

Sample: 2009 2016

Included observations: 8
Prob. t-Statistic Std. Error Coefficient ~ Variable
0.0455 -2.516227 0.150370 -0.378365 C
0.0014 5.570156 0.029778 0.165866 T
0.368034 Mean dependent var 0.837955 R-squared
0.443837 S.D. dependent var 0.810947 Adjusted R-squared
-0.240128 Akaike info criterion 0.192981 S.E. of regression
-0.220268 Schwarz criterion 0.223451 Sum squared resid
-0.374078 Hannan-Quinn criter. 2.960512 Log likelihood
1.291675 Durbin-Watson stat 31.02664 F-statistic

0.001419 Prob (F-statistic)
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" Forecast: ADJ_ROAF
1.2 ] Actual: ADJ_ROA
Forecast sample: 2009 2016
0.8 | Included observations: 8
Root Mean Squared Error  0.167127
0.4 | Mean Absolute Error 0.148271
Mean Abs. Percent Error  111.7540
0.0 Theil Inequality Coefficient 0.154197
Bias Proportion 0.000000
0.4 Variance Proportion 0.044169
Covariance Proportion  0.955831
0.8 : : : : : : : Theil U2 Coefficient 0.380721
2009 2010 2011 2012 2013 2014 2015 2016 Symmetric MAPE 67.20987
—__ ADJ_ROAF _____ +2SEE. ‘
(14) @l
Dependent Variable: ADJ_ROA
Method: Least Squares
Date: 02/02/20 Time: 06:35
Sample: 2009 2016
Included observations: 8
Prob. t-Statistic Std. Error Coefficient ~ Variable
0.1559 1.622111 0.086803 0.140805 C
0.0024 5.034936 7.66E-05 0.000386 EXP(T)
0.368034 Mean dependent var 0.808616 R-squared
0.443837 S.D. dependent var 0.776719 Adjusted R-squared
-0.073723 Akaike info criterion 0.209725 S.E. of regression
-0.053863 Schwarz criterion 0.263907 Sum squared resid
-0.207673 Hannan-Quinn criter. 2.294892 Log likelihood
1.911154 Durbin-Watson stat 25.35058 F-statistic

0.002369 Prob(F-statistic)
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2.0

1.6

1.2

0.8

0.4

0.0

-0.4

T T
2009 2010

T T
2011 2012

T
2013

— ADJ_ROAF

+2SE

T
2014

39

T
2015

2016

Forecast: ADJ_ROAF
Actual: ADJ_ROA

Forecast sample: 2009 2016

Included observations: 8
Root Mean Squared Error
Mean Absolute Error
Mean Abs. Percent Error
Theil Inequality Coefficient
Bias Proportion
Variance Proportion
Covariance Proportion
Theil U2 Coefficient
Symmetric MAPE

0.181627
0.139749
138.4697
0.168321
0.000000
0.053058
0.946942
0.428297
65.88317
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