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{Figure 1) Average NPLs Growth for Commercial Banks and Savings Banks, and
GDP Growth as a Benchmark of Economic Growth

The figure plots the average NPLs growth for commercial banks and savings banks,
comparable to the GDP growth over the period from 2000 to 2016.
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(Table 1) Definition of Variables Used as Determinant Factors of NPLs Growth,
and the Various Hypotheses

The table displays the definition of macroeconomic variables and bank-level variables used to

test the various hypotheses on determinants of NPLs growth, Exp.Sign is the expected sign that

the corresponding coefficient in the regression testing the hypothesis should have. Bad

management (Berger and DeYoung, 1997), Skimping (Berger and DeYoung, 1977), Moral
Hazard (Keeton and Morris, 1987), Too-big-to-fail (Rajan, 1994; Stern and Feldman, 2004),
Liquidity risk (Keeton, 1999), Lending supply (Ruckes, 2004; Geanakoplos, 2010; Ghosh, 2015),

Income diversification (Louzis et al., 2012) are the hypotheses analyzed in the literature,

Variable Definition Hypothesis Exp.Sign
Panel A, Macroeconomic variables
GDP Growth rate of real GDP Wealth effect (-)
Wealth effect -
Stock Growth rate of KOSPI e 6,3 e ©
Speculation +)
Wealth effect (-)
House Growth rate of HPI )
Speculation (+)
Infl Growth rate of CPI Wealth effect +)
RF Risk-free rate Solvency (+)
Lev Corporate sector leverage Solvency (+)
Unemp | Unemployment rate Solvency (+)
Debt Government debt-to-GDP Government risk (+)
Deficit Government spending-to-taxes Government risk (+)
Credit Non-financial sector credit-to-GDP Credit risk +)
Default Default spread Credit risk (+)
E rt i t -
NER Growth of nominal exchange rate PO 1'mpac )
Import impact +)
Panel B, Bank-level variables
NPL Growth rate of NPL
) Bad management +)
NIE Non-interest expenses-to-total assets o
Skimping (-)
) Bad management (+)
Exp Total expenses-to-total income .
Skimping (=)
Bad management (-)
ROA Return on assets .
Skimping (+)
E/A Equity-to-total assets Moral hazard (=)
Size Bank size in log Moral hazard (-)
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Too-big-to-fail +)
Lig Liquid assets-to-total deposits Liquidity risk )
L/A Total loans-to-total assets Lending supply (+)
L/D Total loans-to-total deposits Lending supply (+)
I Interest income-to-total loans Lending supply (+)
NII Non-interest income-to-total income Income diversification (-)

(3£1) 9] 5j'd Bolli= Y3 7HA| W= 7HA (3749 2. 7~2.8h& HE5H7] $18k
AREE W0 A A = o] itk AA2.7h), F4 7 % (bad management) 7Hd-2- H|-§-
w7 H| A& A 0|l F G o] FA] HT 23 U= NPLO| U= 7H o]t o 7] A
H| 0|} 2| &/F A H 0] 8F NIE) I} FA]&/F(0]3} Exp) H]|-E H|&-&/d(cost
inefficiency)2-, HHtl| & FAFAHE0] 9] E(0]3} ROA)S H]-& T84 (cost efficiency) S
olulgttt. &R (2.7h, T 1S (skimping) 7HE- A4 THE ST o= 5415k 23
o] 5] th=& HAre}t ol A2 ik HAJsHo] A= NPLEY| 52 2efistth=
7Hd ot A (2. ), =Y 2] 8o](moral hazard) 7HE -2 A% Al g o] w2 23§ 0]

RS Shshe YO 2 u S B AU A BFE 7Fs Aol 9)

T
K

0]7] A A5 K 5 (government protection) 2] 7|t 2] & UERY = | & Size7} AHE-H
o} AR 2. 2h, 573 $13 (liquidity risk) 7HE -2 235 o] thZ At vlel da&
AA H55t 7 QG 91719k 37 NeLo 453tk AS SuRith oAb, th&
S (lending supply) 7Hd 2 &30] 344 2.2 & te Sishd £57]00 ol &
2 s]gakA] 2 7FsAd o] kAL A ARIT 7] A FALYFAMK OIS /A) I Fo
Aol (0]3H /D)= 28 9] ti& AT e Ei= 9 415 W (risk preference) &, 0|4}
>0/ A1(e]8HD)E 27 o] A7k thE Ao ]9 8 =(poor credit quality) & 2]1]
sict g7 (2.8D), 422] thztaKincome diversification) 712 -8 o] ¢ ¢} 2] 4=¢)u}
Bl Y YA ele A s atekA] JrehH A 91719 9 NeLo| A5t 2E 9

Rkt of 7] A4 NIl B g s=2f o] ZA| =)ol A AR5k vle= A o] =™, o] vl
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Keeton and Morris(1987)+= =9 4] 3fjo] 7}d-2, Rajan(1994), Stern and Feldman(2004)

2 utEAF 7HES, Ruckes(2004), Geanakoplos(2010), Ghosh(2015)+= & &4 7}
S AQretal ekl et 11 vtof Keeton(1999)2 54 Y& 7HI-S Louzs et

al.(2012)& =9 t}zts) 718 HZskeich

BX o Eol7}7]o) &A 94 H4=E5-2] oFA A (stationary characteristics) 2 7
sto] (3t 2)of 7|1FSHehY AAHS FolAs T oIA&RE), HFFAY
/GDP(Debt), B8 A1-8/GDP(Credit) 7} 1006 §-2]=220]| 4] TH -8 ZH= 7)
2 e ok g A), Sz ol ST E HEEA FokohEd
B). o]uj AAJ¥H S0l = Dickey and Fuller(1979)2] A|AE ©9]- A A (augmented
Dickey-Fuller; ©]3} ADF)2, 238 420f| = Choi(2001)2] W9 T A A (inverse
chi-squared for ADF)& A3 8}ich > WA v A A D2 AHEsto] 4 AlA
g2 H3slTt o] B4 o A= RF, Debt, Credit thAl ARF, ADebt, ACredit=
AHg-3Tt,

i

0

) SN e AU R Yoy processo] oY RAFTY
F27F AbEE 4 QloEr O oF SFeh(Granger and Newbold, 1974).

5) /\]74]"1 Sl A4 Ay, =at+0y,  +oAy, e, Hy:0=p—1=0
g @9 A Ay, = 0y, 1 Ay, ey, Hyi (V)0 =p—1=0
Dickey and Fuller(1979)9] AlA® @glE A3 Choioone] s T AHL
<1 ® oy =atpy te7t AYHAEE mEF= Ao JIME E£th
O'Connell(1998)0]] wEH, wid Tl FAGollA apde] FAA AJadA 7 20T
o] EA4% AAHo| I WEE= BA7 st B Ao ALs o] WIS Zo]7)
A3l Levin et al.(2002)8] A|HS wheh, AAE H-Z AAT d (Yol sl
9 Tl 438 Asiae
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{Table 2) Preliminary Statistical Diagnostics: Summary Statistics and Unit Root Tests

The table presents the summary statistics for the macroeconomic variables and bank-level
variables to be studied in this paper, The sample includes 164 (in total) of commercial banks
and savings banks over the period from 2000 to 2016, Mean, Std, and Skew are the mean,
standard deviation, and skewness of the variables, and Q1, Q2, and Q3 are the first quartile
(25%), the second quartile (50%), the third quartile (75%). UnitRoot is p-value used in the
context of null hypothesis testing unit root tests whether a time-series variable or a panel
variable is non-stationary and possess a unit root, The null hypothesis will be rejected if the
variable is stationary., We use Dickey and Fuller (1979)’s time-series unit root test for the

macroeconomic variables and Choi (2001)’s panel unit root test for the bank-level variables,

Variable Mean Q1 Q2 Q3 Std Skew | #obs | UnitRoot
Panel A, Macro variables
GDP 1.02 1.01 1.02 1.03 0.02 0.52 36 0.00
Stock 1.05 0.95 1.07 1,16 0.18 0.09 36 0.00
House 1.02 1.01 1.01 1.03 0.02 1.30 36 0.00
Infl 1.01 1.01 1.01 1.02 0.01 0.79 36 0.01
RF 0.03 0.02 0.03 0.04 0.01 -0.22 36 0.11
ARF 0.00 0.00 0.00 0.00 0.01 -2.97 35 0.00
Lev 1.28 1.01 1.05 1.29 0.49 1.82 35 0.00
Unemp 0.04 0.03 0.04 0.04 0.01 2.56 35 0.00
Debt 26.81 | 19.05 | 28.70 | 31.60 6.82 -0.20 35 0.49
ADebt 0,64 0.00 0.00 1.28 1.17 1.26 34 0.00
Deficit 0.91 0.81 094 | 099 | 0.13 -0.45 35 0.01
Credit 1.70 1,61 1.62 1.79 0.11 0.77 36 0.32
ACredit 0.01 0.00 0.01 0.02 0.01 -0.34 35 0.00
Default 0.05 0.04 0.05 0.06 0.01 -0.38 32 0.04
NER 1.00 0.97 0.99 1.02 0.06 1.45 35 0.00
Panel B. Bank-level variables
NPL 1.07 0.79 0.96 1,16 0.72 9.80 4206 0.00
NIE 0.03 0.02 0.02 0.03 0.05 16.49 3829 0.00
Exp 1.14 0.81 0.92 1.05 1.85 29.17 3828 0.00
ROA 0.00 0.00 0.00 0.01 0.05 -17.79 3829 0.00
I 0.05 0.04 0.05 0.06 0.02 6.39 3778 0.00
E/A 0.12 0.08 0.11 0.14 0.16 7.35 4448 0.00
Size 11,71 | 11,08 | 11.46 | 11.98 0.94 1.32 4506 0.00
Liq 0.15 0.07 0.11 0.18 0.14 4.60 4323 0.00
L/A 0.75 0.67 0.76 0.84 0.18 1.91 4344 0.00
L/D 0.93 0.80 0.90 0.99 0.43 8.79 4287 0.00
NII 0.14 0.04 0.09 0.19 0.39 -41.05 3828 0.00
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(Table 3) Macroeconomic Determinants of NPLs Growth:
Fixed Effects Model Estimation

The table reports the coefficient estimates and their statistical significance of the tests of the
macroeconomic determinants of NPLs growth, The sample includes 164 (in total) of commercial
banks and savings banks over the period from 2000 to 2016, The fixed effects model is specified
in Eq.(1) and estimated via within transformation, Overall Rz, Between RZ, and Within R® are
corrl0z, .y, 12, corrl0z,,y,]2, and corr([0(z, , —x,),(y, , —y,))2, respectively. Significance at the
1% level is denoted by **, at the 5% level by **, and at the 10% level by *,

() (In (I (Iv) V) (V1)
GDPy -5.06 ** -7.20 = -4,77 * -7.34 w=
Stock -0.89 0.05 -0.26 0.09
House(y -7.59 == -0.89 -5.42 ** -1.30 *
Infly 9.63 ™ | 11.40 ™ 15.74 == | 12,36 ==
ARF 47.05 *= 14,43 *= 21,88 ** 16,38 ***
Levq 0.70 * 0.30 *** 1,14 *** 0.35 ***
Unemp 08.47 ** | -13,15* 4,96 -18.75 =
ADebt, -0,15 **=* 0.01 -0,12 =
Deficit 2,971 *=* 1,52 2,20
ACreditq 9.43 12,53
Default -31.07 ** -5.21 ** -10.05
NERq) -1,10 ** -0.65 =212
GDP.1) -9.35 " -3.90 * | 11,69 * -4,62
Stockn 0.49 0.41 * 0.23 0.41 *

House(.1) 2,87 ** -2.03 *= 3.30 ** -2.14 ==



N =aizses xeod mps

Infle) -10.51 * 5.22 ** 13.21°* 6.39 **
ARF.1) 30,91 *** 9.89 ** 24,80 *** 11,41 *
Leve 0,89 *** 0.12 -0.07 0.16 **
Unemp.y) 5.03 2587 | -0.79 27,54
ADebt1 -0,22 = -0.01 -0,15 == -0.01
Deficitg.n 3,05 *=* 0.21 272w 0.37 *
ACredit.1 -5.18 7.94 -0.68 8.83 ***
Default.y 1.06 -1.26 -4.21 -1.87
NERq.1) 0.75 ** -0.54 * -0.43 -0.61 **
AvgINPL]i-1) No No No Yes Yes Yes
Overall R 0.05 0.04 0.02 0.06 0.04 0.02
Between R’ 0.01 0.04 0.03 0.00 0.04 0.03
Within R® 0.06 0.05 0.03 0.07 0.05 0.03
#obs 3596 3730 3691 3596 3730 3691

7. o) w3 A

(3 3) 9] BF 1S HW, GDPAAE(GDP), F7H0 E(Stock), FE 71 AA S5
(House)©] NPLOJ| 1] 2= F2 5L A olA 22} -5.057, -0.894, -7.5862. 2 1f
S FYJSHA YRRttt o] Al T 1,779 ol Fdsteh Eja HY A
o} E ol Alnf) 9.6309] F-23t gro = Uett=tl, & ol £9

A 7

£ 527|188 of Al 7Ho] Rt Fafold

]
-4 E

H = GDP(t), Stock(t), House(t), Infl(t).

4. 57 744

THd 1= FARARte] tiet F714 =87k NPLe| A0 2 ofofTkal o)
P, wE M By ghd ") F7 folgo] BAMoR o3t Fe] mf
(0.405% ZH= A0 2 teh} 7S Attt 27t 20 50] WA 53t &
NPLO| A|Z}= Ar&she Ao 2 sf|Ae 4= Qi)

L
=3
- A= M4 Stock(t-1),



o, AgF 9 74

o) A& (ARR)Z AlRFet #AIGlo] HE mPollA wlf$- (o5 ko] 3L
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£ A& ougitt, E3h 7GR Lev) = ARReF TAGlo] o] mEofA 5
AZ oz Folgt o ghe HHTHe: g 11, 0.300). o3 A= 714 1.1
ol A A gk, BHH A QY E(Unemp) @] 47| 4== 23 of ulat AolshAl Let
Wk

|
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e
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W ARF(D), ARF(-1), Lev(t), Lev(t-1).

% A% 9% A

HEA| /429 (DeficinS A12e} PAl] 70] BE wHo|q EAROR &
o3k oFe] gk Zh= A0 & Yehtthel: B 10, 1.517). o] AL A4 o] 913
o] Fx g A9 NPLo] AF5EF 4= Qlhs b 1. ek et Baksith dhH HEER
JGDP(ADeb)©] 749 714 9] ol Ak Abold A7} Lhekiet,

- A% W4 Deficit(t), Deficit(t-1).

2330] NPLY} H]F-§ Y A-8/GDP( A Credit) = A|x}e} WA glo] T Eo] n3y
oflA ot FAAGE 2= A2 YeRgTHo: 27 11, 9.435). ©] A= vl
| 2] A& el 71908ke] NpLo| A5tk 7HE 1.0 S A A|ghe) Wi
B FEATHY = (Defaul) = 7HA 9] oA Auke Axta vepbgct ey
Diwan and Rodrik(1992), Louzis et al.(2012), Klein(2013) S-oj|A] 7%% Al 8H =]
TS A 4= glo], R Axy B o920 7 o]5 FAlof 2315}t
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VO AE Avg[NPL], -, o) A% 242 015294 0,1809] ok ko) ghoz
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Avg [NPLL,_ 10l ol AAZA A e AL A Se FAIR
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(E 9] BE BYO)N NPL,_, FRASE BE G943 29 o ekt
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StE SEjA oid »ge AR R aapE (forward orthogonal deviation; ©|35}
FOD) &8t & Arellano and Bond(1991)2] *}HE GMM(generalized method of

moments)2 A-&3}e] FAE|QUTE  Arellano and Bover(1995), Blundell and

Bond(1998)9] AJ 8] GMME H§3H4] 92 o fi= o] AME SHL The:
TS H ANFHFS ABEA Ptk AR 27 gRelr, & A
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Sargan(1958), Hansen(1982)%] i} (over-identifying restriction) 737 ¢] 9]
Ayo]l 9131, Arellano and Bond(1991)9] 14 9 274 A}7]Ay(second-order
autocorrelation) A= o]Ato] glom g WA o] FA|(misspecification) 7} §1
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. T—t Xt +)(i.,T) HAL = F
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&) FOD Wghe] E=wel 3 7|7 A S5y, Do WS ) 3o 5
ARl MARS(2 )7} 7h53lt), 1Y EE FOD W3k A E&aol 718 77k A
o She EFHPR GMME 283 4 9o, Bk agQl A7} st
10) TJIEE A= two-step GMM =4 X7}, AFE || A= one-step GMM A 2|7} ¢ E&34
olt}, A ERE 154~1577) 23)o] HEQl Hjd Aot twostep GMME, 22~257 23Jo]
FEQ] 9Y Bof|i= one-step GMME Z-23}9th =70 A<o A @Y B @l A
Hep Ak 9jd C= #d BY A4S Od= Witk e FHA =] 454
= 002 A3} 3L (Holtz-Eakin et al, 1988), 20| FHRALS ZHAE S22 A
A= SiTt.
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(Table 4) Bank—Level Determinants of NPLs Growth: Dynamic Panel Model

Estimation

The table reports the coefficient estimates and their statistical significance of the tests of the

bank-level determinants of NPLs growth. The sample includes 164 (in total) of commercial

banks and savings banks over the period from 2000 to 2016. The dynamic panel model is

specified in Eq.(2) and estimated via forward orthogonal deviation transformation in the

difference GMM scheme. The selected set of macroeconomic variables used in models (I), (IV),
and (VI) includes GDP(t), Stock(t), House(t), Inf(t), ARF(t), Lev(t), Defict(t), A Credit(t),
Default(t), NER(t); Stock(t-1), ARF(t-1), Lev(t-1), Deficit(t-1), A Credit(t-1), which coincide with
the expected sign in table 1. #lag of END, #lag of PRE, and #instrument are the numbers of

endogenous, predetermined, and total instrumental variables. AR(1) and AR(2) are Arellano and

Bond (1991)’s tests for no autocorrelation applied to the differenced residuals, A, ,. Significance
at the 1% level is denoted by ***, at the 5% level by **, and at the 10% level by *.

|
CommF:igieal/;vings Pangl B. E’anel &
banks Commercial banks Savings banks
() (I () (v) V) )
NPL-1) -0,17 == -0.10 == | -0.10 ** =017 *==* -0.09 ** -0.09 **
Avg[NPL].1) 0.15 == 0.01 0.03 -0,22 ** 0.18 *=* 0.08
NIE(1) -1.04 **=* -1.05 =* | -0.95 ** -0.35 -5.064 *** -8.78 **
ExXpee1) -0,03 " -0.01 * -0.10 -0,18 *** -0.05 0.03
ROA1 0,68 *** 0.28 4.79 4.89 * -2.47 -4,53 *
E/Aw) -0.06 -0.09 0.05 -0.10 0.27 0.18
Size(1) 0,67 *** 0.84 *** 0,78 *** 0.15 0.79 *** 1,13 *=
Liqq -0.73 *** -0.56 = | -0,92 * -0.62 ** -1.34 = -0.73
L/Awy -0.04 0,22 = 1.03 **=* -0.07 0.34 1.51 *==*
L/D¢.1y 0.13 *==* 0.06 0.07 *==* 0.03 ** 0.05 -0.10
1) 1,00 *** 0.73 12,90 *** 0.10 2.48 2.50
NIL1) -0.04 *= -0.01 0.12 0.00 0.05 0.16
Macro Var. No Yes No Yes No Yes
GMM Two—step | Two—step | One—step | One—step | One—step | One—step
#lag of END 5 5 5 5 5 5
#lag of PRE 3 3 1 1 1 1
#instrument 1,101 1,059 502 490 464 463
AR(1) 0.001 0.000 0.000 0.001 0.001 0.000
AR(2) 0.523 0.438 0.324 0.446 0.430 0.317
#0obs 3,372 3,259 540 505 2,332 2,754
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N A ARESH= Tl VAR -2 th29] 4] (3)2 Z T} 13 (3 5) 9] ‘G.E. (Granger
casual effect)’ Gof] 7| S QM4 BA = 4] 3)9] 3x3 ASFHe B I} B,2F
B A E )
NPL NPL;, NPL;,
(Ch it ZJ =FFE + B, C’hannel,‘l] + BQ[C’hanneth +e;
annet; DP, DP,
aop, GDP, GDP, -,
€0~ N0,Y) ?3)

i1 T8 e, Channel, 2 AXZAA 4 2L,
GDP = A% A olnlshs wolth 4 G9] BY 4HE 5 AHAA
21 AOR, GDP, 9| Whe-2 7P YAIE A 0R 7

b S
T} 98-S Sl A AR Channel, o= oF Foll A AHE AA S

13) 3k, A8 A scasonality) & FAISH] 913 F4w% 219 whd D gt A9 A2
Y AwaEs mgel Tast

14) 4] (3), 3'd VAR oA HEle] W SAlo] ofa) W 7k ool
of Qe BH WS 2 BAE BAE Aekstol TS FAH] 93

SRRy
A Al (identification scheme)d ¥ ¢1u}a HA|E A|eksl= AHo| ofUr} whek H4= 71 ¢l
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(Stock, House, Infl, ARF, Lev, Deficit, ACredit, Default, NER) 5= }L}7} vlj 2] =}, o)<}
Zro] 23] A|AHl WHEE R oo HiFE= 2E AAL Marcucai and
Quagliariello(2008), De Bock and Demyanets(2012), Klein(2013) S-of| A Aot A o]c},

2] (3)2 "ld VAR 2§ 2] Z°Fg H(reduced form) 2l HHH T}2-2] 4] (4)= 9jd
VAR R 0] S 2 gl (structural form) o]t} (3 5) 9] ‘C.E. (contemporaneous effect)’
ol 7|54 sAA A= A (D2 3x3 F2YPH I'2HF A== ek

NPL;, NPL;, NPL; ;4

r {Channeltj =FE, + A{C’hannelt _ 1]—&- A, [Channelt _ QJ +e;,
GDP, GDP,_, GDP,_,

e~ N0, L) 4)

ChA] 3 VAR 28-& Wold(1938) 2] VAR(co) 2 EF3HH t}-2-9] 4] (5)9} 2t}

(3 5) 2] ‘Impulse Response Functions' Gol| 7| 2% (A u3}y) AW 4]

(5)9] 3x3 AxHol ¥, REE AFEE Q15

NPL;,
[Channel ] E Ve, 5)
GDP, j=

A (3 5) 9] ‘Variance Decompositions’ G0 7| &5 EAMLS|| A= 20
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2 20 ALgstol ANFEQTE 0
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Heo] 4] 2, B2 3} BHAL Roodman(2000)0] WAL wtet GDP 59 74|
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w4 et
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Abstract

This paper examines the determinants of non-performing loans
(hereafter NPLs) in the perspective of the macroeconomic and bank-level
variables. Our contributions to the literature are in three folds. First, we
employ the fixed effect model controlling for bank-level heterogeneity
and the dynamic panel model controlling for autocorrelation to examine
the determinants of NPLs growth in the Korean banking sector. On top
of that, we extend the sample to commercial banks and savings banks.
Including savings bank is crucial since those banks were distressed
during the sample periods. Third, this paper analyzes the feedback
effects of the banking sector on the real economy using panel vector
autoregressive model.

The results show that, among other macroeconomic factors, ‘growth
rate of GDP, ‘growth rate of KOSPI', ‘growth rate of HPYI, ‘inflation’,
‘risk-free rate’, ‘corporate sector leverage’, ‘government spending-to-
taxes’, ‘non-financial sector credit-to-GDP’, and ‘growth of nominal
exchange rate’ support the macroeconomic hypotheses. For the
bank-level hypotheses, it was found that 1) ‘non-interest expenses-to-total
assets’ and ‘total expenses-to-total income’ satisfy the skimping
hypothesis, 2) ‘bank size in log’ satisfies the too-big-to-fail hypothesis, 3)
‘liquid assets-to-total deposits’ satisfy the liquidity hypothesis, and 4)
‘total loans-to-total assets’, ‘total loans-to-total deposits’, and ‘interest
income-to-total loans” satisfy the lending supply hypothesis.

Furthermore, as for the impact of the banking sector on the real
economy, a simultaneous negative relationship was found between
bank’'s NPLs and GDP. The causal relationship between the NPLs and
GDP, on the other hand, was only found in the inflation and credit
channels. According to the impulse response functions estimated, shocks
in the banking sector result in negative consequences of the real
economy for about one year. This implies that there exists the positive
macroeconomic effect if individual banks effectively manage their NPLs.

% Key words: Non-Performing Loans, Feedback Effects, Dynamic Panel
Model, Panel VAR Model
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