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1. Introduction

balance-sheet structures. Recent evidence also highlights
the importance of incorporating credit, operational, market,
and liquidity risks into bank balance-sheet management
(Sabeti & Hoseinpour, 2024). Momeni and Esmaeili (2024)
further emphasize that credit risk, financial-information
opacity, and regulatory constraints can weaken banks’
ability to finance firms effectively. At the same time, rising

Credit risk is a central source of vulnerability in banking
systems because deterioration in loan quality directly affects
profitability, capital adequacy, lending capacity, and
financial stability. Non-performing loans (NPLs) may arise
not only from adverse macroeconomic conditions, but also
from weak credit screening, poor monitoring, operational
inefficiency, excessive credit expansion, and fragile
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NPLs can weaken bank performance through lower interest
income, higher provisioning costs, eroded capital buffers,
and constrained lending. Therefore, the relationship
between credit risk and bank performance is dynamic,
reciprocal, and endogenous.

The theoretical literature explains banking fragility through
several channels. The “bad management” hypothesis links
operational inefficiency to weak managerial quality and
poor internal controls, which may increase future credit risk
(Berger & DeYoung, 1997). Conversely, the “bad luck”
hypothesis suggests that adverse shocks may first increase
NPLs and then reduce efficiency through higher monitoring
and recovery costs. Profitability, capital adequacy, and
credit growth are also important determinants of banking
stability, since profitable and well-capitalized banks are
more capable of absorbing losses, while rapid loan
expansion may raise future credit risk when accompanied
by weaker screening standards (Keeley, 1990; Calem &
Rob, 1999; Foos et al., 2010). Macroeconomic conditions
also affect borrowers’ repayment capacity and bank asset
quality (Nkusu, 2011; Louzis et al., 2012).

Although previous studies have identified several
determinants of NPLs, many have relied on single-equation
models that cannot fully capture feedback effects and
endogenous interactions among banking variables. This
article addresses this gap by analysing the dynamic
interactions among NPLs, profitability, capital adequacy,
loan growth, bank size, and operational efficiency in a
comparative PVAR framework. The main objective is to
examine whether the dominant channels of credit-risk
transmission differ between developed and developing
countries.

2. Methodology

This study applies a reduced-form Panel Vector
Autoregression (PVAR) model estimated by the Generalized
Method of Moments (GMM). The PVAR framework is
appropriate because it treats the main banking variables as
endogenous within a dynamic system. In this setting, each
variable is explained by its own lags and the lags of other
variables, allowing the model to capture feedback
mechanisms and intertemporal interactions among credit risk,
profitability, capital adequacy, credit growth, bank size, and
operational inefficiency. This approach is consistent with the
methodological contributions of Holtz-Eakin et al. (1988),
Love and Zicchino (2006), and Abrigo and Love (2016), who
emphasize the usefulness of PVAR models for analysing
dynamic relationships in panel data. The empirical analysis is
conducted separately for two groups of countries over the
period 2010-2022. The developed-country panel includes
Austria, France, Germany, lItaly, Japan, the Netherlands,
Norway, Portugal, Spain, and the United Kingdom. This
panel consists of 861 banks and 11,193 bank-year
observations. The developing-country panel includes
Bahrain, Egypt, Iran, Irag, Jordan, Kuwait, Lebanon, Oman,
Qatar, Saudi Arabia, Turkey, and the United Arab Emirates,
covering 252 banks and 3,276 bank-year observations. Bank-
level data are obtained from Bankscope/Orbis Bank Focus,
while macroeconomic variables are collected from the World
Bank database.
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The endogenous banking variables include non-performing
loans (NPL), bank size (SIZE), return on equity (ROE),
capital adequacy ratio (CAR), loan growth (GROWTHL),
and operational inefficiency (INEFF). The macroeconomic
and industry-level control variables include real GDP growth,
inflation, public debt, unemployment, and the concentration
ratio of the three largest banks (CR3). Before estimating the
PVAR model, panel unit-root tests are used to assess
stationarity. The optimal lag length is selected using modified
information criteria, including MBIC, MAIC, and MQIC, and
the results support a one-lag specification for both country
groups. Model stability is evaluated through the eigenvalues
of the companion matrix, all of which lie inside the unit circle.
After estimation, PVAR-Granger causality tests, generalized
impulse response functions (GIRFs), and generalized forecast
error variance decomposition (GFEVD) are used to analyse
the direction, persistence, and relative importance of shock-
transmission channels. Following Pesaran and Shin (1998),
the generalized impulse-response approach is used because it
is less sensitive to the ordering of variables. The results are
interpreted as dynamic predictive relationships within a
reduced-form framework rather than structural causal effects.

3. Result and Discussion

The empirical results indicate that credit risk is highly
persistent in both developed and developing countries, as
the lagged coefficient of NPL is positive and statistically
significant in both panels. However, the sources and
transmission mechanisms of this persistence differ across
the two groups. In developing countries, operational
inefficiency and profitability are the main channels
associated with NPL dynamics. The positive effect of
inefficiency supports the bad-management hypothesis,
suggesting that weak managerial quality and poor internal
controls increase future credit risk, while the negative effect
of profitability indicates that more profitable banks are
better able to absorb losses and limit loan deterioration.
GDP growth reduces NPLs, whereas market concentration
increases them, showing that credit risk in developing
economies is shaped by both internal banking weaknesses
and macro-financial conditions.

In developed countries, NPL dynamics are more closely
linked to balance-sheet mechanisms, credit cycles, and real-
sector conditions. Bank size, profitability, credit growth,
and unemployment significantly affect credit risk,
indicating that asset-quality deterioration is transmitted
through lending behaviour, balance-sheet adjustment, and
labour-market conditions. The PVAR-Granger causality
results confirm these differences: in developing countries,
inefficiency and profitability contain the strongest
predictive information for NPLs, while in developed
countries, bank size, profitability, capital adequacy, and
credit growth play a more prominent role. The GIRF and
GFEVD results further support this heterogeneity. In
developing countries, shocks to operational inefficiency
generate stronger and more persistent NPL responses,
whereas in developed countries, shocks to credit growth,
bank size, profitability, and capital adequacy explain a
larger share of credit-risk variation.

4. Conclusion
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This study shows that credit-risk dynamics are
endogenous, persistent, and heterogeneous across levels of
financial and institutional development. The findings
indicate that a single policy framework cannot adequately
address banking fragility in both developed and developing
countries because the dominant sources of risk differ across
these groups. In developing countries, supervisory priorities
should focus on improving bank governance, strengthening
credit-screening procedures, enhancing internal control
systems, increasing transparency, and promoting risk-based
supervision. Policies that only increase capital requirements
or restrict credit expansion may have limited effectiveness
if operational inefficiency and weak managerial practices
remain unresolved.

In developed countries, policy should place greater
emphasis on monitoring credit cycles, large banks, capital
buffers, labour-market stress, and macroprudential
instruments such as countercyclical capital buffers and
stress testing. Since the results show that balance-sheet
mechanisms and credit-cycle variables play a stronger role
in these economies, macroprudential supervision should be
designed to prevent the accumulation of systemic risk
during expansionary periods. Finally, the findings should be
interpreted within the limits of a reduced-form PVAR
framework. The analysis identifies dynamic predictive
relationships and shock-propagation patterns, but it does not
claim to establish structural causality. Nevertheless, the
results provide useful comparative evidence on how the
mechanisms of credit-risk transmission differ between
developed and developing banking systems.
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3. Robust weight Matrix

4. Ordinary Least Squares (OLS)
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Table (2): Descriptive Statistics

drwgi Jb> o b ygls’

b yuio Wlaslive oluxs oSl sl B il (O o 35 o
NPL 3,276 0.0423 0.0339 0.0000 0.1771
SIZE 3,276 9.1443 1.2100 6.3805 12.1026
ROE 3,276 0.1016 0.0238 -0.0723 0.2380
CAR 3,276 0.1585 0.0334 0.0271 0.3025

GROWTHL 3,276 0.0593 0.0458 -0.3462 0.4924

INEFF 3,276 0.4909 0.0972 0.1710 0.9581

GDP 3,276 0.0371 0.0246 0.0025 0.1007

INF 3,276 0.1156 0.1202 0.0125 0.8092

DEBT 3,276 0.5948 0.3597 0.1309 1.6038

UR 3,276 0.0851 0.0467 0.0010 0.2410

CR3 3,276 0.4451 0.1359 0.2025 0.9824
bl arwgi gl ygls

by Wlaslivwe oluxs oSl sl Byl (O oo 35 o
NPL 11,193 0.0354 0.0688 0.0000 0.4178
SIZE 11,193 7.5431 3.1378 0.2180 14.9318
ROE 11,193 0.0364 0.0741 -0.3684 0.2300
CAR 11,193 0.1675 0.0556 0.0500 0.4000

GROWTHL 11,193 -0.0017 0.0537 -0.2923 0.2336

INEFF 11,193 0.6613 0.2229 0.0699 1.5447

GDP 11,193 0.0231 0.0208 0.0000 0.1090
INF 11,193 0.0176 0.0168 0.0001 0.1000
DEBT 11,193 1.1513 0.6766 0.1195 2.5837
UR 11,193 0.0642 0.0367 0.0240 0.2610
CR3 11,193 0.5199 0.0976 0.2937 0.9431
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Table (3): Results of the Panel Unit Root Test Based on the Im—Pesaran—Shin (IPS) Method

drwgl Jl> o s )gls’

b i PVAR ;0 yuicio Js o &5 W-t-bar ;yge3l olel S slobizo gt Az
NPL s -2.705%* 0.003 1(0)
SIZE Jolis 45,0 S -26.436%** 0.000 I(2)
ROE s -11.488 *** 0.000 1(0)
CAR s -18.529*** 0.000 1(0)
GROWTHL s -22.719%** 0.000 1(0)
INEFF s -12.368*** 0.000 1(0)

Al anwgi gl ygls

& yusio PVAR ;0 piso J1oui €95 W-t-bar ¢yge3l o ol S ylobxo o Az
NPL s -8.120%** 0.000 1(0)
SIZE s -31.444%** 0.000 1(0)
ROE s -23.894*** 0.000 1(0)
CAR s -4.227%** 0.000 1(0)
GROWTHL s -55.485%** 0.000 1(0)
INEFF s -17.903*** 0.000 1(0)
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1. Im-Pesaran-Shin unit-root test
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Table (4): Results of the Time-Series Unit Root Test Based on the Augmented Dickey—Fuller (ADF) Method

drwgi Jb> o b gls’

1 yuisio PVAR 5 yiso Jsows 95 W-t-bar ¢yge3l o bl &lolixe daw PERY
GDP zhw 12.594*** 0.000 1(0)
INF oo 28.576*** 0.000 1(0)

DEBT o 23.579%** 0.000 1(0)
UR o 1.987%* 0.023 1(0)
CR3 o 39.928%x* 0.000 1(0)

ALy arwgi gl ygsS

W yuiio PVAR 0 piio J1oui £ W-t-bar ;yg031 o bl 6ol s Az
GDP o 54.988*** 0.000 1(0)
INF o 2.350%% 0.009 1(0)

DEBT s 19.258%** 0.000 1(0)
UR o 44.832%** 0.000 1(0)
CR3 o 180.663%** 0.000 1(0)
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Table (5): Selection of the Optimal Lag Length for the PVAR Model

drwgl Jl> o s )gls

aidg o bl CD J J pvalue MBIC MAIC MQIC
1 .962 85.992 1244 -461.846 -58.007 -206.228
2 .992 24.958 .9167 -248.961 -47.041 -121.151
Wil drwgi o ygids
aidg [o,ll CD J J pvalue MBIC MAIC MQIC
1 .996 55.075 931 -581.227 -88.924 -258.701
2 .989 19.975 .985 -298.176 -52.024 -136.913
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3. Hansen J-test
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Table (6): GMM Estimation Results for the PVAR Model

W’J Jl})& ‘SLQ)}JAS

Wb ol oo Byl & 51olze g
NLP L1. 5052%k* 0511 0.000
ROE L1, -0873%* 0407 0.032
NPL INEFF L1. 0201%* 0111 0.009
GDP - 1699%** 10387 0.000
CR3 11045 0171 0.000
GROWTHL L1. 21995%* 10789 0.011
dSIZE GDP 1.5130%%* 3447 0.000
INF 3070%* 1381 0.018
DEBT - 3573%%% 0764 0.000
NLP L1 - 1995%* 0745 0.007
ROE L1 4354 1105 0.000
ROE INEFF L1 -0516%* 0182 0.005
GDP 1811% 10591 0.002
INF 1272w 10357 0.000
CR3 11520k 10238 0.000
ROE L1 C1108%* 10492 0.022
CAR CAR L1 0901 10409 0.028
INF 10599+ 10291 0.039
CR3 - 0604 0265 0023
NLP L1 4510% 1767 011
GROWTHL DEBT 2.0562%* 10283 0.048
NLP L1 1.4862%%* 2277 0.000
INEFF ROE L1 Z6111%* 2318 0.008
INEFF L1 31345 10565 0.000
DEBT C1090%* 10426 0.002

a8l axwgi (gld yguleS

aolzo ol o Hlbo Bl il &lobaxe zbaw
NLP L1 8276%x* 0498 0.000
SIZE L1. -.0031%* 10012 0.010
NPL ROE L1, ~05Q1* 10188 0.002
GROWTHL L1. 0366%* 10120 0.002
GDP . 1348%* 10606 0.026
UR 3364%%* 10803 0.000
SIZE L1. 6867+ 10276 0.000
SIZE INF -4.2704%%% 8798 0.000
DEBT -1.7305%%% 4168 0.000
NLP L1. -.0853%* 10395 0.031
SIZE L1. 0041%* 10014 0.003
ROE L1, 4556%% 10303 0.000
ROE CARLL. L 1110%* 10430 0.010
INEFF L1. - 0508%** 0132 0.000
INF 1830%** 10438 0.000
DEBT Z.0674%* 10199 0.001
SIZE L1. -0017%* 0008 0.031
CARLL. 6701%* 0414 0.000
CAR INEFF L1. 10227 10078 0.004
DEBT 10268 0128 0.036
CR3 21090** 10499 0.029
GR(S)IVZ\II'EI'II-T i L1 .08%;:: '8%15‘21 8'83(1)
GROWTHL GDP 3092%%* 10668 0.000
INF ~0888** 0431 0.039
ROE L1 - 1359%+ 10619 0.028
INEFF INEFF L1 6524 10391 0.000
INF ..7883%** 1193 0.000

Sl Jlobine slo piio Jolis Laid g aods jsb 4y Joaz onl guli-(o)s A0 il mhuw ;o ol i o )0 A9 el mhaw ;o loline sest)

g i 5l Sl a8 W5 NPL s s oline 5 oo 51 (CR3)
ol sl Sy sliss o ik il g gl > Lyl

o) I 3 e SMle caiBlyannss (slo gt Ly o
5 Sa510gm Sl o3l (] 2 oMo 5 0352 15,95 51 (VL Slomy
FlauS oo Wl NPL aoles o (g loline a5 ol Ll a)
i Sl oaipolzd NPL 5 (UR) (6,0 75 oo
aolre jo culbolaidl cpl jo )15 1L Lol i 4 (g lael S
@L.Lo.c @l)lfl.; 9 sS)la o)‘..b‘ ROE OP 4.039 s(ROE) ‘_;)9].)9».'
e SIDEBT) cdgs o0 a5 Jl> ;0 waiyls (g lobae &l I
sl lzd Ob5b wilgs o 45 am o LS (5,9105m (5 loline g

AL YL a0 b glaoladl o mleo sl>ojl g Jbo

512,555 )5 GROWTHL 5 CAR &¥oles gults «puizean
bl jo pbd (haws la)lSg5le 052y Sy adlianny

7T

AN & jgods a5 GMM jog, 4 PVAR Jae 8,5 s
Ol wiloals (3,155 Jloline ol o sl s 5 (V) Jsoz o
loy9iS 09,5 93 2 ;50 (Sb plls slapby o5 wes
Llsy 3 Sle az bl psboa clbanusy 5 anusi by

ol (Sb sl e slasdy ISl g 150090
Sl g Slllhe By o po wang e slojsas o
syl g (S Silo a5 ol loline aliay g i (NPL)
@ pas (nl p odle Zunle 985 ol po (g liel Sy (YL
5O ot i lolins g Cudio o po b (INEFF) oSOl Slles
S Jo S bl )lpe ol I g
a3 oo bis aS o s NPL 53 (6 loliss g c2io 31 (ROE) L;)Jojw
P8 S8 )bl glalad als 4 Wl oo (Jlo 3 Sk S92
ol 35705 5 gite 51 (GDP) (golal sy (oS (sl eie (o



FYAL PV Olran A F-0 ol oF o,leds ¥ 0,90 ¢ Jlo (5,108 csliws 5 oLzl 4y 25

WJoe o obg pads Cobl g jliel Sl Glaebl jolatea
Grasio glleraiz sloaty, Gulul gyl g0
oolod 45 WS o oyl (gl by o plosl Vol e e yils
SR blide axio )3 a2y 018 (45,0 G le (ul olug polie
Sk 5 G Sl (ol Sam 00iiS (e a5 Loy 10 S

el Daealy Slej s 38l o Jae (Sl

Juosln ) Jae glaais, coxdse (M) 5 () gladsa
o5 lod .aipd co lid diBldrwgi g drwgi Jl 0 sleyguS
o pgboas laady ) (olod 09,5 95 2 50 09d oo oualin oS
L os)loil )Ld) 5l slaslas g g 5l 1,8 g o pls gy
a5 WS o anl idgyh bt ol 0ed e samlice Ll
5 00 b 9,0 slaabis Sl eass sl PVAR Jue
Wigdso Setas (loj Jobo )3 Lo psis 4 0ads )l (slaS g

Wy ojlel e i S oo (ge5l @S (V) Jgaz 0
ooz 5l e so oa)la cnl jo il oad 155 5068
e slaaidy LT aS sas o lis €oabdd> aie \ aloleoy
Aolre yxie Somim sl 6 lolias Oledbl ol cui i
S ahly 058 Kby 903l o (28 5 b s
2 Sl e g by (Sl 052 Vs ol 0) 5 00y
0905l KALLY (glo laus ¢ yizme 0 )l PVAR Jow g >
P23 Fwoy sbie oled slaaidy g loline S e

LS o eSiata |, doles

S s (2ligy 45 R0 (i 26,5 Cude (a5l b
ez x5l (2 oSl G anwgi 0 slejess 4o
I8 Slkes 5 soled Jelse 53l cooi il B lee (5 Lel
olseay S oL (gl e Oldlas aloles o 05l
3 gdbee poll oS i e (FGH 9 2 ke
S i iyl (g Ioline 25 ol Lzel s, 5 3L o5lail a5 >
b ,55 (nl 5o (5lel Sy paisd a5 ol ] Sl U1 )
GloanTd ol i (s ladins 4o aty, baes
2 o538l Slles gla,bisle gusl ST &5lgs sllasl
Syl et Sldllas (jlee jlobias (69,55 5b alal) G 252 0
WS &y 393 Wlgi oo NPL i3l a5 sms o lis 5T
oo 1) SSb oIl (bgy e cnl 5l g el 2B
S8 ghls s (ROE) Lg)siojm ‘QT G ws
Wzl gl e Slllae Gl bl 5 i

ey o0 S5 4 Fagazme (Kb (2l BU L amlie yo of a5

Sylolize jobar wljlel 0l g 009 5,95 0 (6 YL (sl5009,0

el Joles 0 (6 59105m g (S sl o b

il 5o sle,giS j5 aS was o olid IRV PR Jo=
5 Slbes GlIL 3l cow joz 2 5l i (S sla by,
laysas 3 a8 Jo 3 wjls JIE g)lael S (oo ym
olai8l M Loyl 1 5 SSL o3Il glaell 5 daslg y caidlasgs
Sl )55 LLe a0 Wyl b Sel Jl o 6 35, s
5 ¢ PVAR Jowo a8l als 53 Cgz > 0 mls cpl a5

Logy) 5 Wgd oo il WoaARBy 1 sl (6,5 sty Sbins

Roots of the companion matrix

1
.51
==
:
£ 0
©
E
-5
14
T T T T
1 -5 0 5 1
Real

drwg Jb 0 glo,gis Jaw ols QBA)‘T ()
Figure (1): Stability test of the model for developing countries
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Figure (2): Stability test of the model for developed countries
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Table (7): PVAR-Granger causality Wald test

drwgi Jb> o b gls’

Equation \ Excluded chi2 df Prob > chi2
dSIZE 0.590 1 0.442
ROE 4.603** 1 0.032
NPL CAR 1.232 1 0.267
GROWTHL 0.051 1 0.822
INEFF 6.881** 1 0.009
ALL 21.812** 5 0.001
NPL 1.753 1 0.185
ROE 0.660 1 0.417
dSIZE CAR 1.910 1 0.167
GROWTHL 6.393** 1 0.011
INEFF 1.443 1 0.230
ALL 14.267** 5 0.014
NPL 7.174** 1 0.007
dSIZE 0.186 1 0.666
ROE CAR 0.493 1 0.483
GROWTHL 0.517 1 0.472
INEFF 8.014** 1 0.005
ALL 19.803** 5 0.001
NPL 0.004 1 0.949
dSIZE 0.009 1 0.926
CAR ROE 5.261** 1 0.022
GROWTHL 0.326 1 0.568
INEFF 0.146 1 0.703
ALL 7.977 5 0.157
NPL 6.517** 1 0.011
dS(I)ZE 8%8% 1 8.758
ROE . 1 77
GROWTHL CAR 0.445 1 0.505
INEFF 0.142 1 0.706
ALL 11.803** 5 0.038
NPL 42.581*** 1 0.000
dS(I)ZE 619821 1 8%(7);
ROE .951** 1 .
INEFF CAR 0.937 1 0.333
GROWTHL 0.004 1 0.947
ALL 59.361*** 5 0.000
4Bl anwyi Loy
Equation \ Excluded chi2 df Prob > chi2
SIZE 6.712** 1 0.010
ROE 9.807** 1 0.002
NPL CAR 3.560* 1 0.059
GROWTHL 9.225** 1 0.002
INEFF 0.262 1 0.608
ALL 33.271%** 5 0.000
NPL 1.597 1 0.206
ROE 3.747* 1 0.053
SIZE CAR 3.411* 1 0.065
GROWTHL 3.477* 1 0.062
INEFF 0.003 1 0.958
ALL 14.690** 5 0.012
NPL 4.661** 1 0.031
SIZE 8.543** 1 0.003
ROE CAR 6.677** 1 0.010
GROWTHL 0.086 1 0.769
INEFF 14.336*** 1 0.000
ALL 23.615*** 5 0.000
NPL 3.090* 1 0.079
SIZE 4.680** 1 0.031
CAR ROE 0.942 1 0.332
GROWTHL 1.081 1 0.298
INEFF 8.368** 1 0.004
ALL 12.773** 5 0.026
NPL 3.102 1 0.078
SISE 31.032312;** 1 8.0(2)0
ROE .64 1 421
GROWTHL CAR 3.720* 1 0.054
INEFF 0.167 1 0.683
ALL 38.301*** 5 0.000
NPL 0.558 1 0.455
ROE 45205 i 0028
INEFF CAR 1332 1 0.248
GROWTHL 1.771 1 0.183
ALL 10.510* 5
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1. PVAR-Granger causality Wald test
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Figure (3): Generalized Impulse Response Functions (GIRF) of non-performing loans (credit risk) to banking variable
shocks for the developing countries panel
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Figure (4): Generalized Impulse Response Functions (GIRF) of non-performing loans to banking variable shocks for the
developed countries panel
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