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Using Discriminant Analysis To Classify Banks According To
Credit Risk
(An Applied Study On Private Traditional Commercial Banks
Operating In Syria During The Period 2008-2018)
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o ABSTRACT O

This research aims to find the set of macro and microeconomic variables that can be used
to classify Commercial Banks Operating in Syria according to their credit risks and to
predict these risks. A panel of quarterly data over the period 2008-2018 from 11 banks is
used to implement this study. To achieve this, Multiple Discriminant analysis (MDA),
Eigenvalue and Wilks' Lambda tests for evaluation quality of model and Receiver
operating characteristic curve (ROC) for evaluation model in classification are used.
According to the discriminant model, the classification accuracy rating is 83.7%. In this
model, the most important variables are: credit risk in the period t-1 (ICrisk), Capital
adequacy ratio (CAR), Non performing credit facilities/ credit facilities (NPL), Market
share (MS), Loans/Assets (LAR), Operational risk (OR) and Inflation rate in the period t-1
(IINF) respectively.

The results also show that the proposed classification model has an ability of predication
with an accuracy rating equals to 95.1%, 82.9% and 81% in the first year, the second and
the third respectively.

Key words: Credit Risks, Classification Banks, Multiple Discriminant analysis.
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it Gl ) ol Cijliad) Caneat of LS g yad) Gijliadll a3 e S (3%) Al
Cojlad) of JlieYL sl 13 &gy o5 VT Sa o(Salhani, 2019) duy b LS e st D 3adl
bl sl axe b aele lee Lball lealy)l Glua ol adadll 3She #L)0 5l s 5l o0 Pla cadagia)
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Gop s o s W, Walks' Lambda lga) Guli & cdlld oo SH Jal e L cile sanal
e sl AN F-test dad culS 13 el plasy) jhlie clisins o dabiall cllaugial o 4 giea
O ¢ Al Losies 398 3sm (A Gl dwally JLERY) &6 (3) &) Jsaadl g .0.05

MM dpasn Gas a5ms il edsi 8 (1) o8y Jsandl 8558y dusg ) il 3l Ll LD ile sanal

il garall Anlual) cllaugiall dygina Ll gl :(3) Jgaad)

Wilks' Lambda F df1 df2 Sig.

CAR 764 48.154 2 311 .000
MS 969 4.966 2 311 .008
MR 958 6.800 2 311 .001
OR 178 44.246 2 311 .000
NPL 904 16.608 2 311 .000
LINF: .980 3.206 2 311 042
LNSIZE 968 5.106 2 311 .007
ROA 930 11.701 2 311 .000
Leverage 955 7.331 2 311 .001
*% LCRisk 229 523.834 2 311 .000

-1 S5 Akt Jara ) * i SPSS galiy o slish ofiali) dae] ¢he i jdaal)
hli 8 aemg L el ady a1 35l L) lalae ) uds

G Al Al Jos Apluall Gl giall g5l o al (A panl) dpia)dll (b (Say el e ol
-3 dsaall b sasasall el sl le saaall (s dpluad) Gllasgidll n 3558 252y o pald

sopbal) Adghan (uilas jLad) .2.1.2

Gsie Aumidiadll Glal) hlie s duhll Glegene Clpitie uilad e S D) HLEAY) 13 Caagy
e B2 .Box's M lia) Gakst DA (e by o(adipall GLaity) hlie sy ansiall oLty Hhlie
Gyl ae ) Rank uis L olady) jhlie cilesens o dpliie aiplelll Claass a8 G (4) Jsaal
Box's M,Liay idlaay¥) dedll & (5) Jsaadl (e aadl WS .7 caly ) dppall Jhsall b dliid)
Al L @l Jaliy Dle saaall G Al Ghasie Guilad e pali Al aded) A bl (b cagle s LAy sine
lajslad LiSey 4l dpmpill 3 (38n3 ae e a2l e ad W) ALl Clpiie Galad a2 e gaB A
:(Egbo and Bartholomew, 2017) las dyliie Jipleslll cilanae o oY Jidailly dadially
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Log Determinant ali \&sll) &lasaa :(4) Jgaad) Ol Aghan gglu! Box's M Lid) :(5) Jgaad)
Stat Rank |Log Determinant Box's M 1052.230
Low 7 -34.110 F Approx. 18.169
Mid 7 -37.426 Df 56
High 7 -37.222 df2 220354.030

groups SPSS zelis Ao aaie ¥l cpiald) alae) fajuaall

SPSS gl Ao daie Yl Gfialll das) (a1 jdaal)

1A el Alfial) i piiall (aMAG) L2.2

Db sy cjladl o Sual e syl @y abusal ) el Wilks' Lambda alads)
) sl cy Wilks' Lambda 1 dad jraly F 1 ded 0 ella Al cbsad) laaly ollds dglasy)
Ol Jeasill @A) Ahal) clpiria ek ol il aile (6)

At Al 6 Aliiesal) cpiiall 1(6) Jgand)
Wilks' Lambda

Exact F
Step Entered Statistic dfl = df2 df3 Statistic  df1 df2 Sig.
1 LCrisk 229 1 2 311.000 523.834 2  311.000 .000
2 OR 181 2 2 311.000 209.373 4  620.000 .000
3 CAR 155 3 2 311.000 158.539 6  618.000 .000
4 NPL 142 4 2 311.000 127.239 8  616.000 .000
5 LAR 132 5 2 311.000 107.791 10 614.000 .000
6 MS 117 6 2 311.000 97930 12 612.000 .000
7 Linf 113 7 2 311.000 86.208 14 610.000 .000

a. Maximum number of steps is 62.
-SPSS galin Ao el ofialdl dae) ¢ra il

Dbl Gl 385 Cojladl Sud of oSay Alise Glyitie 7 ) Jeagil) & adl Gilall Jpaall e LDl
0.00 & Leal) dasill 25 Al clpariall (pe i JS die LaadU Alaia) dedll ) (s ) dglaiy)
LD ApladY) laliall il o el o clykiall 038 38 e Jay lae (005 (e ial)
tAguait) Jlgall gina L3 .3.2
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CalS) Jiad o 1(7) dsaad

Jlsa Galsll yiad) sudiall bl pShiall bl (Sl Bl )
Function | Eigenvalue | % of Variance | Cumulative % |Canonical Correlation
1 4.370 87.0 87.0 902
2 .652 13.0 100.0 628

.SPSS zalin o eVl gfialdl dae) ¢ i jiaal)

O mdal) Gl s e Ally (al&1 0 Aad by L e Gl eS8 Gilall Jeaall e a3
il Ll adl ) sylay) aas sl e dwtlly Y1 allall il 0.652 5 4.370 cdall cile gana
bl Cile sana o il ol A o) B LS L ST Gle senall G bl S LS 5508 Al oda
A T O el e V) A 58 e oy Lee Al A %135 1 AN 8 %87 caly
il yaially Apaaill Ay DR 58 e ey A5 S8 Jali ) Jalaal Apeilly A0 DDA e 43l
Gl ) A Ay T (e g Jalaall o Layg Al 40all 0.628 5 35V 4lall 0.902 4l 68 dliindl)

e Jpeanll @ A sl dysina ) Jgand) Cp Al AN o 25)l00 A1 03g] 58 B35a o Jay elld

Aggpaatl) Jlga) Aygina JLE3) :(8) Jgand)

Wilks' Lambda
Test of Function(s) | Wilks' Lambda | Chi-square Df Sig.
1 113 672.324 14 .000
2 .605 154.638 6 .000

-SPSS zaliy o aldeYl gfialdl dae) ¢ i )

e du A 5Y1.0.05 e sraal Wilks' Lambda 4slasy ddlaa¥) dadll of i) Jpaall e Jaadl
mall o dlid) ¢ pstiall 38 cpllall A gina

rigjmatl) AN oL 4.2

Oe Ay AV oSl Lcanall b lgde slae Vs Aaa) A el S el Jisal) saea (e SEN any
sl 8 Alalal)l oyl (e e JS0 Agal) BpaaY) sae 0 Ally Aplead) Al Aol Clas (e
il Gatbiady i) Ll IV A e slae Y xis Bag ghaall 7 35al

A jbaal) g A jlaal) A 3atl) AN c5Lalaa 1(9)J s2a)

4l cdlalaal) Ll e cdlalaal)
(Standardized) (Unstandardized)
CAR | 445 | 822
LAR | 147 | 1.000
Ms | 319 | 6.039
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OR -.040 -5.079
NPL .343 1.814
LINF -.007 -.025

LCrisk -.999 -10.243
(Constant) 3.390

.SPSS zalin o eVl gfialdl dae) ¢ i il

Ll Guall Ay 8 dpaal SY) Lo (ICrisk) dludl syl 8 GLat¥) Shalie G i) Jsand) (e Jaadly
Lalay) clgatl) filalall e Aplady) cDlgadll ((CAR) Jld) Gy S gl e dyeal <Y
szl Jas Dyaly (OR) Juiill halis ((LAR) Jsa) U g ill ((MS) d8sudl dasll ((NPL)
t ) JSal Al dpledll e Al cOlbeal) o aldie Y wi dyjaad) A1) e Uy Jal Gy . (IINF)
z = 3.390 + 0.822 CAR + 1.00 LAR + 6.039 MS — 5.079 OR + 1.814 NPL
—0.025 LINF — 10.243 ICrisk

oas il 4 ((CAR) JWl (uf) S G 1e IS 830l ol &1 sl oSy A8l Sl Al DA (e
Bl Jlea) Y ALelall e dleidV] Dlgedll dansis (MS) & gud) uanll ((LAR) Jpa¥l Jlas)
il Agla¥) hlaal clsies s Cnpliadl Cipian ) gasas (3 delsall @l e o(NPL)
s jbadl Gt ) ganme @AY Jabsall Ol ae il o3 b @A) G 3 muaaa pSally
anmill Jara o(OR) Al jlhlaall 1e JS 8 5030 (sagi «Jiially . oY) Aalady) jhlaall ¢l siuse
Glsise sad Calad) Cipial ) o2 dalsall @l o oICrisk) diludl 5l (L) jhlaay (LINF)
emaa Sally ¢ eV Aplaiyl i)

JS Aala Aghua dayy Wl a0 dguall Al el 8 Al i) chaidl af (mies A e
iy Al e gend) ddjea Cirgy Gl cdesane JS) Aansgiall Shall ae daall 036 Ayl AT Cumy (i
e gane S Adanssiall 3Shall V) Jsaal) (G S Lgl)

cile ganall Ancigiall jShall 1(10)J g2

Stat Function
Low | 3.185
Mid | -0.024
High | -2.037

SPSS galiy o sVl cpfialll dae) ga : jaal

loW e sasall Zpjuaill Aapdll dad o G Lo iy Ajmaill dapall cul€ LIS 4l Joaall 138 (e Jaad
Al Aapall Aad e Awd Apeadl dap culS 1Y) L cdimisial hlaal e Ciiay 43 (3.185)
Af Cpemall gyl A0 calS 13y ciansiall Glalial (o Cipad) Ciad (-0.024) Mid ie senall
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O Dndll Jal ey dadinall jhlad) Gacs Caiad (=2.037) High e seaadl dypuall da)dl ded (g

;Y Ayl 3y Aassgial) Shal cp Adlaal) Conatia Jias Al Alalal) Al anat S Ay Cile ganall
(3.185%142)+(—0.024151) o ) o

(142+151) = 1.53 :Mid y low e genall (yn Alaldll ddail)

(—0.024%151)+(-2.037%148) . s . . e
(151+148) = —1.02 :High s Mid 4c geaall (yn dlialall ddaal)

Caiesi 8 pea i Al A LY Jpeaglly bl @il o ghuall Qi zse Guls 2y
t ) Jsaal) Lecapmy lly Caeatl 138 laiy 483 Ciln (50 Y L) hlie Cilisie G Cijladl)

Saadl) ANy 3h9 e ganal) Ciiiial o (11)Jgantl

Predicted Group Membership
Stat Low Mid High Total
Original Count Low 122 15 5 142
Mid 14 118 19 151
High 1 18 129 148
% Low 85.9 10.6 3.5 100.0
Mid 9.3 78.1 12.6 100.0
High 7 12.2 87.2 100.0
83.7% of original grouped cases correctly classified.

.SPSS galiy o alaie¥l ofialdl dlae) cra 1 juaal)

SRl i 35 Ay @b Ciladl i celiinl Ljedl)l D0 G G Jeall e el
Al Ly chesiiad) A S3pn oo s Ba Aad by «%83.7 cialy Lllaa) Ciioad iy Al

dcgana JS Gy dijlaal) iyl il (12) Jgaad)

sl hlad)

Low Mid High
Bank Arab 2 9 30 41
Audi 4 36 2 42
Bemo 28 12 1 41
Byblos 1 2 35 38
Francbank 2 7 27 36
IBTF 12 32 0 44
Jordan 40 1 0 41
Orient 4 18 17 39
Qatar 36 0 0 36
Syriagulf 6 15 20 41
Syria& overseas 2 19 21 42
Total 137 151 153 441

.SPSS zaliy o aldeYl gfialdl dae) ¢ i jiaal)
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el o alaeYl dslatyl Shlidl Clesas (o desene S pam dugyndl Cojliadl) Caneat Lia
coushin ¢l @iy (e IS o LaadU ) L Gilaad) Jsand) lapelal ally cCipan S lgde dhas ) cilagatl)
ey o (A Aadiall Alai) Hhlaall de seae e lgdinal Sy liijdy malally D) g ¢ agally Ay g
@iy Ga IS Cayy Ao siall 4plai¥) Hhalaall de seae e (@3ll5 dasaills ylaill Jsall age el (e JS
Gazmididl Aplai¥) bl de sene Gaa sk 53,V ¢ san

i) Jlail) g dga ol 5.2

Glisive 315 loadd) C pal) o 4l Jeasil) 25 A ghual) Jidaill zises 2 lads 5538 e KB gy
() U Aty Ml ROC jaie (ki o5 lgd (apei Al Aplaid] laladl)

ROC st jLid) :(13) Jsaal

ROC Curve

Area Under the Curve
Test Result Variable(s): Predicted Group
for Analysis 1
Area Std. Error Sig .”
944 .013 .000
b. Null hypothesis: true area = 0.5

Sensifivity

1 - Specificity

el Jilal £ 354l ROC daia o(1) Jeil SPSS galiy o alie¥ gpfialyd) das) Gt haall
.SPSS galin o alaie¥l opfialll alae) (e juaal)

sagal V) aall iy @A) iyl Skl ge salails bl 523 ROC iaie olail (1) JSal (e sl
ek LS Lz dpall Caial Ay sapn e @l Jayg 55€ imiall cant Aalid) CulS Gum oz dgalll ol
Lsine sise e 0.00 ¢ Adlaay) ied@ll Gy 0.944 caly ROC aie ciad dalud) & (13) Jsaall
& Jsilly 0.5 g5l ROC jiaie i Adlll Aalusdl) G o pati ) dgua bl (oad) LSy N5 %5
Al Gijlas G udll e 50 235l
el o el Julatl) g dgad 808 2l .6.2
dle U8 Cajliaall Capia 4ies laly) jlaliay gl Caags Auhall by e ghuaill Jdaill z3ga Gaki &
di & (2018) aals ale Jd sl Apna Jiss JSE &5 Agall o320 Gadl Label ADE & fule & caaly
Aalay) Sl af ae ) 33)ies (2018 ia 2016 () asel OB U8 &5 ((2018-2017) cele
il dana (pe ST diay dladl)
Aie¥l & ey 2017-2008 sl DA el Ay J€5 5 Y cale Ji sl il Y1 Jgaall ey
2018 alal il b lle

ple U ) i :(14)J saa)

Predicted Group for Analysis 1 Low Mid High Total
stat | Low Count 12 1 0 13
% within stat 92.3% 7.7% 0.0% 100.0%
Mid Count 1 13 0 14
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% within stat 7.1% 92.9% 0.0% 100.0%
High Count 0 0 12 12
% within stat 0.0% 0.0% 100.0% 100.0%

.SPSS gali Ao alaie¥l cpfialdl dlas) ca : juaal)

(low) Lhlaal diaidie desenall b ddiad)l Cijladly sl o Usis) z3sall O Goladl Jsaall (e Laady
(high) hlaal dadipe de sanall 5 %92.9 duy (Mid) Hhliall dlaugic degend) A5 «%92.3 dasiy
e U8 %95.1 cualy ddlan) dpuy 5l g Usind agles %100 dunsiy

AieY) & (a5 2016-2008 55l Pl Gl Ay J€i5 & (opele J8 jladl Caiaiy sl Jal e
:(2018-2017 354ll) cpele J sl 3 V) Jsaall ayey .2018-2017 5l Pha sl Lgle

omle U il il 1(15) Jgand)

Predicted Group for Analysis 1 Low Mid High Total
Stat | Low Count 22 2 0 24
% within stat 91.7% 8.3% 0.0%  100.0%
Mid Count 4 20 9 33
% within stat 12.1%  60.6%  27.3% 100.0%
High Count 1 0 26 27
% within stat 3.7% 0.0% 96.3%  100.0%

.SPSS galin o slaie¥l cpfialll slae) a1 jhaal)

(low) [Llidl diaidice desenall 8 ddiadll Cijladlly sl g Usin) g3l G Giludl Jsanll e Jasdl
(high) Jllia) daiipe e send) iy %60.6 dussy (Mid) shlaall ausic de el s %91.7 Loy
omale Ji %82.9 by Allea) Aputy i) 3 gaill g Uaind cadle s . %96.3 Aoy

& ey 2015-2008 sl DA Saall Ay JK& D5 aleel 3 08 Ayl Gijlias Caiaiy gail) Jal (e
sl mils V) Jpaall ayey .2018-2016 i) Ba sll gle slaeY)

alsel 3 @ i) @ilii :(16) Jgaadl

Predicted Group for Analysis 1 Low Mid High Total
Stat | Low Count 32 4 0 36
% within stat 88.9% 11.1% 0.0% 100.0%
Mid Count 4 26 18 48
% within stat 8.3% 542%  37.5% 100.0%
High Count 0 0 48 48
% within stat 0.0% 0.0% 100.0%  100.0%

.SPSS galiy Ao alais¥lh gfialdl das) (a1 juaal)
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Jhlid) finidie de senall b ciial A Cajliad) a5l g Unind z3sall O Gl Jsaall (e Laadl
2any5 %54.2 Ay (Mid) lalia) Ao gic de sanall 8 Coial ) Cojladl) 23255 <%88.9 duy (low)
Ay 5l 2 3sall ¢ Ui cagles .%100 duy (high) [hlaal dediye desenall b Caial Al Cajlad)

ol 3 08 % 81 cualy dlles)

cluagilly Gl
ralatisiay) 1

o) L 1 A LAl i 3y Ay 8 ALl Cilead) iy 3wt ) ol -1
A0 Zagaill ga5%83.7 aly Canan A8y

Z = 3.390 + 0.822 CAR + 1.00 LAR + 6.039 MS — 5.079 OR + 1.814 NPL
— 0.025 LINF — 10.243 ICrisk

oy RS sl e Ll Guall Ay 8 Al Y -1 55l 3 (Crisk) olad) shlae e -2
a3l ((MS) ddsudl dasll ((NPL) 4slat¥) cdleudll/ALlall e dnlady) <Dl ((CAR) JW
=1 55l 3 (INF) paoail) Jaxas (OR) Joniil) hlie ((LAR) Jpa)/4n siadl)

Ay Adgul) danl) (Jpa¥) Jlaa) I Gl A JU) Gy BUS A e IS G sal)) a5 -3
dolad¥) Gl cligin sai Gijloadl Caneat ) cilay) cdugadl) J) dlalall e dules¥) el
SV L) sl lal laliey admill Jaee dlaiall hlad) e J8 8 5ol g cJiladly L Amidia)
LY Aty [l cilsias s Giylaal) Caieas

e cliniphy malally dgy0m ¢ gagally dpgu sl () @y e IS Caiay (isall 1 s 4
e @illy digally Hlasll Joall Bage ey (o IS Caiay (s (B Aadiyell Aplal) Hlhlid) de gene
Gaaidndl Aplad¥) bl de sane Gaca sl G2V ¢ san @l (e JS Ciiiays Ao sial) dplety) llaal de sena
Dbl Cilygine 3y Aysm b dalal) dplaill Cilad) Ciialy oL hlie sl g3l aidiivg -5
el 3 J8 % 81 Aty Gmele 8 %82.9 duys caals ale Jd %951 Aty gl iy A

tluagil)

Z =3.390 + 0.822 CAR + 1.00 LAR + ) z3laill (e g5l 3¢ Ayysm & Cijlaaal) aladiiad 3y5pua .1
SRl (g 3l Casgs (6.039 MS-5.079 OR + 1.814 NPL—0.025 LINF- 10.243 ICrisk.
Dhlid) [l aidd AU el a3 e Ciplad) ) (R Layy cCipan JS Ll Gy S dlay)
U Gy S s ) Ao Lgtican 5oy DA e el ¢ Gllaal) e Slel (g5 ) Capeadl Jlal
led (apxs A Jedil) lalaag 8yimiall (g dll (e 2all jbiad) o aagy WS Ll adas (4 )l
Glalul ChE ae amasty Loy 530 bl JiaeiS elgiladil dujlae die laeV) (pm adaaill iV aee 35
caad) 13 il Cpedl LS e e jlalie cilygine sad Capeaall JU 8 aales il oda o Hliiely (el
Lol Adlhe (pe LeiSay Loy zdsaill aladinly Aumidiall jlhliall Cilygius b ddiad)l Gijladl aas LS .2
LAY Sl e ) Ll caias ks ¢ Y as 8 gl Sl cilsiee e Llaall,
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Gy paddl ol Adhe e Ky Lo dgilyial 3108 #5023l Aadiu) gl Gl (K .3
cijbad) s Jae L 1 Guilgilly il laal s dyyse & Cijbad) (e Cipas S AL AL

e asall 038 il A5lhe GV oS Al A3l g b Cijladd) il Cagian YIS a5mg ade dai 4
Y gl ki) Gl 8 4ty ag L say cCijladl] da giaall ALY ol
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