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A Comparative Analysis of the Efficiency Changes of
Banks in Korea and China

Lee, Joong Ha

Department of Economy and Industry

Graduate School of Korea Maritime and Ocean University

Abstract

This study used DEA, SFA and MPI to analyze the efficiency and
changes in efficiency of Korean and Chinese banks. The analysis period
was from 2010 to 2014 for five years and the study analyzed 22 Korean
and Chinese banks. The inputs for the analysis were the number of
employees, the number of branches, fixed assets and deposits and the
outputs were total loans, investment in securities and net profits. The
results of the study are summarized as follows.

First, the results are from the comparative analysis of efficiency of
Korean and Chinese banks. In terms of technical efficiency, the banks in
Korea declined within the analysis period and also technical efficiency
decreased for the Chinese banks. In terms of net technical efficiency, the
banks in Korea declined during the analysis period, whilst net technical
efficiency of the Chinese banks decreased from 2010 to 2013 but rose in

2014. In terms of scale efficiency, the banks in China decreased during the
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analysis period while the banks in Korea showed both increase and
decrease.

Second, the results are from the comparative analysis of economies of
scale between the banks in Korea and China. From 2010 to 2014, many
banks in Korea experienced increasing returns to sale (IRS) while many
banks in China experienced decreasing returns to scale (DRS).

Third, the efficiency of the banks in Korea and China by using the SFA
analysis shows that the efficiency in the Korean banks increased from 2010
to 2013 and decreased in 2014. The efficiency in the Chinese banks from
2010 to 2014 generally decreased.

Fourth, the efficiency of DEA and SFA are compared. Since there is no
statistically significant difference between the CCR value calculated by DEA
and the efficiency of SFA, it shows that there is a similar trend. In terms
of correlation, there is a relevance in efficiencies between CCR and SFA.

Fifth, we examined the changes in efficiency of the Chinese and Korean
banks by using Malmquist Productivity Index (MPD) between 2010 and 2014.
In terms of the changes in efficiency of the banks in Korea, the
productivity index value exceeded 1 between 2010-2011 period and
2012-2013 period, indicating that the efficiency increased from the previous
year. However, the productivity index was less than 1 during 2013-2014
period and the efficiency decreased from the previous year. In the case of
Chinese banks, the productivity index exceeded 1 from 2010-2011 period to
2013-2014 period and the efficiency increased from the previous year.

Sixth, the portfolio analysis was used to compare the technical analysis

and productivity index. Jeju, Jeonbuk, Gyeongnam and Hana Bank were the

_Vi_
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most likely banks with high competitiveness and high growth potential. For
Chinese banks, Shanghai Pudong Development Bank and China Minsheng
Banking Corporation were the most likely banks with high competitiveness
and high growth potential. There were no banks with high competitiveness
and low growth potential. The banks with low competitiveness and low
growth potential were Kookmin Bank and Shinhan Bank.

This study suggests the following limitations. First, DEA, SFA and MPI
for efficiency analysis only analyses relative efficiency, so banks’ absolute
efficiency cannot be measured. Therefore, the efficiency and its changes
can vary depending on input and output variables. In order to measure
efficiency more accurately, qualitative evaluation such as AHP technique
and management evaluation should be taken into account, so they can
complement each other.

Second, the efficiency and the efficiency changes of banks can be
measured more accurately when more variables are added. However, for
DEA, SFA and MPI have limitations that not only the number of variables
but also the number of decision units should be taken into consideration.
Therefore, both input and output variables need to be carefully considered
in order to measure the efficiency and the efficiency changes for
conducting a comparative analysis, such as the number of banks, the global
financial environment variables during the analysis period, and economic

policy variables of both countries.

KEY WORDS: DEA, SFA, Malmquist product index, Efficiency, technical efficiency,
pure technical efficiency, scale efficiency, returns to scale
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o 2,669 245 574 24,179 21,101 6,888 517

24k 2,886 256 711 27,693 24,761 7,564 597

3 F 1,455 147 232 12,057 10,866 3,072 364

Ak A F 360 38 49 2,376 2,067 510 295
A E 8% 93 194 8,148 7,193 2,003 326

A 1,938 159 252 20,017 18,813 4,253 410

AA 1,701 157 335 15,745 14,133 4,048 418

Sk 23 A 5,791 427 1,451 65,627 57,177 16,007 748
T A 427,548 17,080 23,122 1,080,843 | 1,383,272 | 661,020 37,145

A 347,865 14,193 18,536 941,335 1,175,578 | 502,305 30,399

j;;r 9 465,102 23,512 22,358 942,597 990,832 474,036 22,943
= = 297,014 11,257 23,738 057,018 1,092,441 | 372,084 23,524

AA 384,382 16,510 21,938 905,448 1,160,531 | 502,361 28,503

nF 93,333 2,704 7,801 272,253 451,542 152,865 9,137

= z 4 58,192 1,034 3,391 212,255 302,966 100,778 7,168
2 %zjlfd% 35,545 810 1,842 123,363 244,362 102,703 5,713
/gﬂuj oA 47,217 734 2,992 119,597 220,156 49,663 5,839
3} AF 21,918 485 1,206 06,767 112,849 38,070 2,254

AA 51,241 1,153 3,447 158,847 206,375 88,816 6,022
Zor 238 &A1 | 199,304 7,979 11,665 490,670 663,778 272,614 16,013

L
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1. DEAE ©] &3 "5&4 &4

Agdd23 S50, 4772 2010 FE 2014d71A o)tk Ao
AR EQEsE HUE AWE P deFoln, 4EUsE
o=

P02
e 584 9 7= 23 Huad FFEedE Atsion, dxd
2 TEsaH

grol 1019 /1 EEAYL oJvishy, 18k foW I FolvrF T

848 @eigol 19 DMUS Hsl o wol AgsAY Fe @ A7)
&
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AL Aolw FAQA FHAASY FTEAHE YUl +IFEEA
(managerial efficiency)e|gti1 %= st} #REE4 L2 CCREHS 7|€a &

dE& BCCREYEY ¢F 7|€BEHSE Y o= DMUS FE=2 WAy

Zo 2P =2 A9 20108 5H 2014d7FA] 0.9674 0.807=2 7HA5A
o FHdYed Y FAASG A HusEY, FHddede Ae
2010 @ 0.945°14 2013@ 0.657=2 7|&&&4o] NE AFTFE T4
st om, 2014dol= 0.694% 4&F AFsetsint. ofo whal FA A
239 A% 2010 0.98604 2012d 0.925, 20133 0.928, 20143 0.897
2 FHdF-ede vs] 1 shekEo] Hoh
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<FrE 23> <Fm 2>

Stz S 239 HE £EE AL <X 4-Do AHsgen,
<OE 4-Doles ZF A= 2 & 571 2388 He 78848 T4
E =48 B3 G 4-DolAE A4 23 srleasAds AN
st = 2 EY B EUlER S-S A EH, 201095 E 2014
A7bA 0.965901 41 0.9272 sfinprk ZHAastal ok AlFedq A A3
2 M RAE, AT A 2010@ 09782 71 =94ty 20143
09298 <=7led&Aol md &t ATk oo W) Aol
745 2010%@ 0.950901 4 2012 0.9200.= 7ZFAstt}h 20139 0.9312 4%
=7} 201439 = 0.9230.2 TA] ZHASHA T

T 2YPEo] A 20108 0.971e]4 2013d 0.9560.=2 ZFASIth
20143 0.9802.= 7ttt = dded A FAALHSH S vl
BA, /539389 49 20103 0.95001 4 20139 0.9442 &Fr|Eas
Aol zhxslth 2014 0.9800.2 Zvlatdrh. old] dHhE  FAAAY
3o 79 201009 0.988% 7} =kthrk 20139 0.966° = 4, 2014

doll= oAl 098002 A5ttt

(
=
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B 29> <FTE 2>

P —

e —

e

Mo s @Ew 3 ede] BF R TEHE CE 4
Bshgom, <19 4-Pols 2 A% D o Frhe] eqd Y7 Fw
<

<
EXT7E 20149 0933082 A&LHOo=® ZFASI oL}, o] whaf A
e3o] A 2013d 09928 7bd EShoud UmA dARdAE
0.902~0.904% YAttt
F2 P59 AL 201049FE 20149744 FR ELA 0] 0.9969)
A 0823202 sfuith A& A T FHEGESA T FAAGESH S vl
rm, FHAadd-ede A$ 20103 0.994014 2013d 0.695% FR71E
Z om 20l4¥E 070602 A9 BL FFo HE
AAFg-esel A% 2010 0.998<14 201413 0.916

U 2kl Hla) 1 gaZol A
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<Fh=m 29> <z o8>

<E 4-3 T3 5 299 T T4 & : 7e, ovle, 1=

224 °3 0109 | 20mmd | 2012 | 2013d | 204
NFL 0968 | 0957 | 0945 0903 | 0868
= oy | Avey 0857 | 0.849 0828 0924 | 0830
4 B 0917 | 097 | o081 0913 | 0850
5 Zaades | 05 | 094 0.784 0.657 0.694
22 o8 | FAA4dey | 0986 | 0954 | 0925 0.928 0.897
B 0967 | 0937 | 0862 0.808 0.807
NFe 0978 | 0972 | o090 | 093 | 0929
= ed | Avey 0950 | 0941 0920 | 0931 0923
ol A 0965 | 0.958 0947 | o0a3 | o9
e Zadged | 0950 | 0948 0.947 0.944 0,980
23 o8 | FAANULY | 0988 | 0968 0967 | 0966 0.980
A 0971 | 0959 0.958 0.956 0.980
NFL 0989 | 0985 0975 0950 | 0933
= ey | Avey 0903 | 094 | 0903 | 0992 0.902
. 23 0949 | 0948 0.942 0.969 0.919
e Zougesd | 099 | 096 0831 0.695 0.706
22 o9 | FAANULY | 0998 | 0986 0957 | 0962 0916
23 099 | 0977 | o901 083 | 0823

C g
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<& 4-4 DMU4 9=4d 7|e&&A £447

=71 | B DMU 2010 2011 2012 2013 2014 E:kiy
DMU1L 0.971 0.902 0.889 0.876 0.894 0.906
DMUZ2 0.841 0.846 0.876 0.797 0.632 0.798
DMU3 1.000 1.000 1.000 1.000 1.000 1.000
NZ DMU4 1.000 1.000 0.929 0.866 0.898 0.939
=4 DMU5S 1.000 1.000 1.000 0.897 0.924 0.964
DMU6 1.000 1.000 1.000 1.000 0.930 0.986
DMU7 0.962 0.954 0.924 0.886 0.798 0.905
- 2A 0.968 0.957 0.945 0.903 0.868 0.928
DMUS 0.899 0.861 0.846 0.831 0.823 0.852
DMU9 0.926 0.883 0.869 0.870 0.864 0.882
DMU10 0.876 0.868 0.797 0.862 0.719 0.824
x%]:j DMU11 0.722 0.681 0.682 1.000 0.652 0.747
DMU12 0.808 0.803 0.774 0.983 0.920 0.858
DMU13 0.910 1.000 1.000 1.000 1.000 0.982
2A 0.857 0.849 0.828 0.924 0.830 0.858
g 238 A 0.917 0.907 0.891 0.913 0.850 0.896
DMU14 1.000 1.000 0.898 0.675 0.691 0.853
ey DMU15 0.978 0.885 0.718 0.613 0.690 0.777
44 | DMUI6 0.801 0.791 0.711 0.525 0.546 0.675
=4 DMU17 1.000 0.982 0.807 0.817 0.851 0.891
2A 0.945 0.914 0.784 0.657 0.694 0.799
_ DMU18 1.000 0.944 0.816 0.836 0.801 0.879
= DMU19 1.000 1.000 1.000 1.000 0.794 0.959
:‘:i;j DMU20 1.000 1.000 1.000 1.000 1.000 1.000
o3 | DMU2L 1.000 1.000 1.000 0.984 1.000 0.997
DMU22 0.928 0.827 0.810 0.822 0.890 0.855
2A 0.986 0.954 0.925 0.928 0.897 0.938
T =Y 2 0.967 0.937 0.862 0.808 0.807 0.876
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<& 4-5> DMU¢ d=4¥ «r|€f &4 £42%

=7} He) DMU 2010 2011 2012 2013 2014 B
DMU1 1.000 0.947 0.951 0.997 1.000 0.979
DMU2 0.849 0.856 0.882 0.802 0.684 0.815
DMU3 1.000 1.000 1.000 1.000 1.000 1.000
NZ DMU4 1.000 1.000 0.953 0.872 0.922 0.949
=4 DMU5 1.000 1.000 1.000 1.000 1.000 1.000
DMU6 1.000 1.000 1.000 1.000 1.000 1.000
DMU7 1.000 1.000 1.000 1.000 0.900 0.980
A= 27 0.978 0.972 0.970 0.953 0.929 0.960
DMUS 0.925 0.892 0.879 0.831 0.845 0.874
DMU9 0.956 0.912 0.899 0.905 0.912 0.917
DMU10 0.932 0.930 0.860 0.867 0.783 0.874
x%]:j DMUI1 1.000 1.000 1.000 1.000 1.000 1.000
DMU12 0.908 0.915 0.882 0.986 1.000 0.938
DMU13 0.981 1.000 1.000 1.000 1.000 0.996
27 0.950 0.941 0.920 0.931 0.923 0.933
g 238 A 0.965 0.958 0.947 0.943 0.927 0.948
DMU14 1.000 1.000 1.000 1.000 1.000 1.000
ey DMU15 1.000 1.000 1.000 1.000 1.000 1.000
el DMU16 0.802 0.792 0.790 0.778 0.921 0.817
=4 DMU17 1.000 1.000 1.000 1.000 1.000 1.000
27 0.930 0.948 0.947 0.944 0.980 0.954
B DMU18 1.000 1.000 1.000 1.000 1.000 1.000
= DMU19 1.000 1.000 1.000 1.000 1.000 1.000
‘Zﬁf DMU20 1.000 1.000 1.000 1.000 1.000 1.000
=

o3 DMUZ1 1.000 1.000 1.000 1.000 1.000 1.000
DMUZ22 0.938 0.838 0.835 0.830 0.902 0.869
27 0.988 0.968 0.967 0.966 0.980 0.974
T 28 & 0.971 0.959 0.958 0.956 0.980 0.965
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<& 4-6> DMU¢| d=¥ #REE&AY E42%

=7} He) DMU 2010 2011 2012 2013 2014 B
DMU1 0.971 0.952 0.935 0.879 0.894 0.926
DMU2 0.991 0.988 0.993 0.993 0.925 0.978
DMU3 1.000 1.000 1.000 1.000 1.000 1.000
N DMU4 1.000 1.000 0.975 0.993 0.974 0.988
=9 DMU5 1.000 1.000 1.000 0.897 0.924 0.964
DMU6 1.000 1.000 1.000 1.000 0.930 0.986
DMU7 0.962 0.954 0.924 0.886 0.888 0.923
A= 27 0.989 0.985 0.975 0.950 0.933 0.966
DMUS 0.972 0.965 0.963 0.999 0.974 0.975
DMU9 0.968 0.968 0.966 0.962 0.947 0.962
DMU10 0.939 0.933 0.927 0.995 0.918 0.942
x%]:‘i DMU11 0.722 0.681 0.682 1.000 0.652 0.747
DMU12 0.890 0.878 0.878 0.998 0.920 0.913
DMU13 0.927 1.000 1.000 1.000 1.000 0.985
27 0.903 0.904 0.903 0.992 0.902 0.921
g 23 4 0.949 0.948 0.942 0.969 0.919 0.945
DMU14 1.000 1.000 0.898 0.675 0.691 0.853
e DMU15 0.978 0.885 0.718 0.613 0.690 0.777
el DMU16 1.000 0.999 0.901 0.675 0.592 0.833
=4 DMU17 1.000 0.982 0.807 0.817 0.851 0.891
27 0.994 0.966 0.831 0.695 0.706 0.838
_ DMU18 1.000 0.944 0.816 0.836 0.801 0.879
= DMU19 1.000 1.000 1.000 1.000 0.794 0.959
‘Zﬁ?] DMU20 1.000 1.000 1.000 1.000 1.000 1.000
=

o3 DMUZ21 1.000 1.000 1.000 0.984 1.000 0.997
DMU22 0.990 0.987 0.970 0.990 0.988 0.985
27 0.998 0.986 0.957 0.962 0.916 0.964
g 23 4 0.996 0.977 0.901 0.843 0.823 0.908
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<E 4-7> 53 T3 299 FEY BFA 4
w24 %= o4
bE | T2 ) : =
Apea | Awen | oaa | 3T P T
CRS 4 0 4 2 4 6
(B57.1%) 0.0%) (30.8%) (50.0%) (80.0%) (66.7%)
1 6 7 1 1 2
2010 DRS (14.3%) (100.0%) (53.8%) (25.0%) (20.0%) (22.2%)
RS 2 0 2 1 0 1
(28.6%) 0.0%) (15.4%) (25.0%) 0.0%) (11.1%)
CRS 4 1 5 1 3 4
(67.1%) (16.7%) (38.5%) (25.0%) (60.0%) (44.4%)
1 5 6 0 1 1
201 DRS (14.3%) (83.3%) (46.2%) 0.0%) (20.0%) (11.1%)
RS 2 0 2 3 1 4
(28.6%) 0.0%) (15.4%) (75.0%) (20.0%) (44.4%)
CRS 3 1 4 0 3 3
(42.9%) (16.7%) (30.8%) 0.0%) (60.0%) (33.3%)
2 5 7 0 1 1
2012 DRS (28.6%) (83.3%) (53.8%) 0.0%) (20.0%) (11.1%)
RS 2 0 2 4 1 5
(28.6%) 0.0%) (15.4%) (100.0%) (20.0%) (55.6%)
CRS 2 2 4 0 2 2
(28.6%) (33.3%) (30.8%) 0.0%) (40.0%) (22.2%)
2 3 5 0 1 1
2013 DRS (28.6%) (50.0%) (38.5%) 0.0%) (20.0%) (11.1%)
RS 3 1 4 4 2 6
(42.9%) (16.7%) (30.8%) (100.0%) (40.0%) (66.7%)
CRS 1 1 2 0 2 2
(14.3%) (16.7%) (15.4%) 0.0%) (40.0%) (22.2%)
3 b) 8 0 1 1
2014 DRS (42.9%) (83.3%) (61.5%) 0.0%) (20.0%) (11.1%)
RS 3 0 3 4 2 6
(42.9%) 0.0%) (23.1%) (100.0%) (40.0%) (66.7%)
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<E® 4-8 5 T 239 7129 A 4

271 | % DMU 2010 2011 2012 2013 2014
DMUL RS RS RS RS RS
DMU2 DRS DRS DRS DRS DRS
DMU3 CRS CRS CRS CRS CRS
gz DMUA4 CRS CRS DRS DRS DRS
DMUS CRS CRS CRS RS RS
DMUS CRS CRS CRS CRS DRS
= DMU7 RS RS RS RS RS
DMUS DRS DRS DRS DRS DRS
DMU9 DRS DRS DRS RS DRS
Aw | DMUIO DRS DRS DRS DRS DRS
=% pwn DRS DRS DRS CRS DRS
DMUI2 DRS DRS DRS DRS DRS
DMUI3 DRS CRS CRS CRS CRS
DMU14 CRS CRS RS RS RS
24 | DMULS RS RS RS RS RS

23]
o3 | DMUI DRS RS RS RS RS
DMU7 CRS RS RS RS RS
= DMU18 CRS RS RS RS RS
DMU19 CRS CRS CRS CRS RS

4
49 | DMU20 CRS CRS CRS CRS CRS
8 CRS CRS CRS RS CRS
DMU22 DRS DRS DRS DRS DRS

_ g5 -
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2. SFAE o] &% 584 &4

2.1 SFA &4

B ATAlE BT FF LYo TS Tebets] 93] SFAR

g8l FA3tRoH, A4S A% FAZEa5L Coelli(1996)7F 71
3} Frontier 4.10]t}.  SFA<)

(e ke
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Aol o5z 5%lA F Folelqy. 53 A5 A
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<& 4-9> SFA &4 A3

A3k xFE0zk t-value
T 48.799 21.050 2.318*
log(# 1<) 0.701 0.073 9.644***
log(A %= 0.212 0.093 2.289*
log(a24 #H1:h) 0.147 0.053 2.790%*
log(ell <= 0.529 0.139 3.796***
log(Time) 0.024 0.010 2.290*
sigma-squared 0.024 0.004 5.915%**
log likelihood function 54.967
LR test of the one-sided error 96.638

#*%:p<0.001, **:p<0.01, *:p<0.05
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NZeg e DMU3H Aresie] DMU9SY &&Aol 7H4 Egon, &=
SYPEo A ISP DMULTH FAAdHge] DMU209
BEA 7HE =A YES T
<E 4-10> @53 3 £39 SFA A3 model?) HFEEA +F
27} e 2010 | 201d | 2012d | 20139 | 2014 W
NF2e3 0.919 0.926 0.962 0.960 0.871 0928
¥ A3y 0.909 0.904 0.929 0.966 0.847 0911
27 0.914 0.916 0.947 0.963 0.860 0920
e 0915 0.926 0.915 0.933 0.814 0901
% | FAAded | 0982 0.946 0.935 0.961 0.903 0945
27 0.949 0.936 0.925 0.947 0.859 0923
<Fhato] o3> <F=o 23>
1 1
- P
75 075
:NE; NE;
0.6 6
5 2010 2011 2012 2013 2014 5 2010 2011 2012 2013 2014
——LE2E ——EyeB s20 2% ——IRYURT  ——FURHYSE s30 2%
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<& 4-11> Z+ 238 SFA A ¥ modeld E&4 +F

27} e DMU 20109 | 2011 | 2012 | 2013d | 2014d | HE
DMUL 0853 | 0873 | 0911 | 0916 | 0960 | 0902
DMU2 0868 | 0834 | 096 | 0962 | 0934 | 0917
DMU3 095 | 0920 | 0998 | 0976 | 0944 | 0958
Nz DMU4 0981 | 098 | 0970 | 0971 | 082 | 0946
=9 DMU5 0998 | 0969 | 098 | 0970 | 0876 | 0956
DMU6 0948 | 0933 | 092 | 0965 | 0710 | 0904
DMU? 0832 | 0969 | 0943 | 0958 | 0850 | 0910
. 27 0919 | 0926 | 092 | 0960 | 0871 | 0928
DMU8 086 | 0977 | 0921 | 0968 | 0852 | 0917
DMU9 0999 | 088 | 0949 | 0974 | 088 | 0939
DMU10 0857 | 0957 | 0899 | 0954 | 0833 | 0900
2:5 DMU11 0891 | 0883 | 0930 | 0965 | 0828 | 0899
DMU12 0931 | 0814 | 09%6 | 0981 | 0915 | 0913
DMU13 0907 | 0908 | 0951 | 0956 | 0765 | 0897
27 0909 | 0904 | 0929 | 0966 | 0847 | 0911
A 27 0914 | 0916 | 0947 | 0963 | 0860 | 0920
DMU14 0941 | 0955 | 0872 | 0979 | 0774 | 0904
24 DMU15 093 | 0928 | 099 | 0872 | 0899 | 0918
A9 DMU16 0816 | 0859 | 0848 | 0907 | 0795 | 0845
=% DMU17 0968 | 0962 | 094 | 0974 | 079 | 0935
0915 | 0926 | 0915 | 0933 | 084 | 0901
. DMU18 099 | 0942 | 0973 | 0974 | 0923 | 0962
= DMU19 0982 | 0865 | 0906 | 0963 | 0773 | 0898
iﬁ(‘;l DMU20 0998 | 0998 | 092 | 098 | 0988 | 0985
23) DMU21 09% | 0970 | 0899 | 0930 | 0993 | 0958
DMU22 0937 | 0953 | 094 | 0950 | 0839 | 0925
27 0982 | 0946 | 0935 | 0961 | 0903 | 0945
A 27 0949 | 0936 | 095 | 0947 | 0859 | 0923
_ 69 —
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2.2 DEA$} SFA ZA3H|

371A] &gl gk AAE BX3517] Y FBATE <FE 4-12>9
AAsEF o, FddA e g FAHA FHAE BI]LsE) <28 4-5>%

A3 4-600] AP =2 =23} 3}

°] &
o] HAJtt
w3 DEAS SFAS] @84S vwstr] ¢8l, DEAdGIA A4k"E CCR

Wallis testg AAlstHoH, £A447 2=10.715, p
AN 23 zol7t AATE F, CCREF L 7|&a84, BCCRE <«
7l&€ BE&A, SFAS a&AH o= Aol7t EAsE Ao &2 UE
st

ARz oz CCRe 71&d&A43 SFAS F&A9 HolE B3y
s Hlx<s AAMS Mann Whitney U-testE A A8 0.H
2=-1.256, p=.2092 [oFF 5%NA Fo ozl ¢tk =, CCR
nyge) 7leasA SFAS F&8AY &fldle Aol7h SASHA Fon,
T Ao 5849 FHAtole fUTh AR BCCEH O &7
A3} SFAS] &9 Ao], CCREFS] 71&a &4 BCCY «7]
de] ztole FAIALE Fod ztol7t AATHPL0.05).

a8 4-DiAe d= T3 23, As2dg g8y, 3474 2

F207] eae] DEA 2 SFAS] E&A4el BAE =43 stk
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1.1

0.9 l..f'"' .f‘
E 0.8 -
0.7
0.6
0.5
0.5 0.6 0.7 0.8 0.9 1 1.1
CCR
<19 4-5> CCRE¥ 3 SFAS] HHAEEA F9]
1.1
1 [
- @ 2
0.9 - b - I‘
E 0.8
0.7
0.6
0.5
0.5 0.6 0.7 0.8 0.9 1 1.1
BCC
<19 4-6> BCCR¥3} SFAS] HFEEA F9]
<& 4-12> DEAS®} SFA 7t F33A
CCR BCC SFA
CCR 1
418
BCC (p=0.053) !
490 320
SFA (p=0.021) (p=0.194) 1
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<X 4-13> DEA$} SFA 7t &4 ®lx

=7} He) DMU CCR =4 BCC =9 SFA &9
DMU1 0.906 9 0.979 14 0.902 17
DMU2 0.798 19 0.815 22 0.917 12
DMU3 1.000 1 1.000 1 0.958 3
A%lz DMU4 0.939 8 0.949 15 0.946 6
DMU5 0.964 6 1.000 1 0.956 5
DMU6 0.986 4 1.000 1 0.904 16
= DMU7 0.905 10 0.980 13 0.910 14
DMUS 0.852 17 0.874 18 0.917 11
DMU9 0.882 12 0.917 17 0.939 7
2| u DMUI0 0.824 18 0.874 18 0.900 18
<9 DMUI1 0.747 21 1.000 1 0.899 19
DMUI2 0.858 14 0.938 16 0.913 13
DMUI3 0.982 5 0.996 12 0.897 21
DMU14 0.853 16 1.000 1 0.904 15
iij‘ DMUI15 0.777 20 1.000 1 0.918 10
é% DMU16 0.675 22 0.817 21 0.845 22
DMU17 0.891 11 1.000 1 0.935 8
T DMUI8 0.879 13 1.000 1 0.962 2
= DMU19 0.959 7 1.000 1 0.898 20
el DMU20 1.000 1 1.000 1 0.985 1
& DMU21 0.997 3 1.000 1 0.958 4
DMU22 0.855 15 0.869 20 0.925 9
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1 098
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0.95 034
052
0.9 09
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0.85 0.86
0.84
0.8 0.82
0B
0.75 078
2010 2011 2012 2013 2014 2010 2011 2012 2013 2014
——(CR_AS2F  —e—CCR_A|HEFH ——SFA_AZS2F =—e—SFA_XEEFH
== O SH ', I HF O ‘°'°|.|
<AlZ2¥a X2
12 12
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0.8 0.8
0.6 0.6
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02 02
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2010 2011 2012 2013 2014 2010 2011 2012 2013 2014
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=3 S 2ol DEA 9 SFASl a84d I} 22X E <(F 4-14%
< 4-155 AAsw. 29 Hel= 0.77%, 0.7~0.89]9F, 0.8~0.9

vk, 0.9-12 MYk

<& 4-14> &= &3¢ DEA®} SFA 2 &4 X

CCR BCC SFA

Nged [ Adeq | AFed | Awed | Aed | AUed

N=7) (N=6) N=D) (N=6) (N=D) (N=6)

07ElEH | 000%) | 000%) | 000% | 000% | 000% | 00.0%
07-08 | 00.0% | 1067% | 000% | 000% | 000% | 00.0%)
P08 0s0s | 1 | e, | a4 | 000w | 3w | 36000
091 | 6@5.7% | 2333%) | 6657%) | 61000% | 4GT.1% | 3G00%)
07ElE | 000%) | 1067%) | 000%) | 000% | 000% | 00.0%
008 | 00me | 000%) 000K | 000%) | 000K | 000%)
P s0s | 1w dee | 14de | 167w | 2086w | 36000
091 | 6@5.7% | 1067% | 6657% | 5@33% | 5TL4% | 3G00%)
07ElEE | 000%) | 1167 | 000% | 000%) | 000% | 00.0%
07-08 | 00.0%) | 23B3H | 000% | 000% | 000% | 00.0%)
P 0s0s | 2se | 2w | 1430 | d67e | 000 | 1067
091 | 50L4% | 1067% | 6657% | 2333% | 70000% | 5(833%)
07EIEE | 000%) | 000%) | 000% | 000% | 000% | 00.0%
0708 | 1a43H | 000m) | 000%) | 000%) | 000% | 00.0%)
DS os0s | aom | 00w | amew | 2@ | 00w | 000w
09-1 | 2086% | 360.0% | 57LA%) | 4667% | 70000% | 6100.0%
07elE | 1043 | 1067% | 1043% | 000% | 000% | 00.0%
s | 0708 | 10430 | 10670 000%) | 1067% | 1043 | 10679
0809 | 2086% | 2B3H | 000% | 1067% | 3429%) | 466.7%)

091 | 3629% | 233% | 6657%) | 4667% | 3429% | 1067%)
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<& 4-15> T= &% DEA®} SFA 2&4 X

Collection @ kmou

CCR BCC SFA
Fged | TN | Fhed | FAALY | Fhed | FAAed
(N=4) (N=5) (N=4) (N=5) (N=4) (N=5)
0.79]7k 000.0%) 000.0%) 000.0%) 000.0%) 000.0%) 000.0%)
0.7~0.8 000.0%) 000.0%) 000.0%) 000.0%) 000.0%) 000.0%)
201044
0.8~0.9 1(25.0%) 000.0%) 1(25.0%) 000.0%) 1(25.0%) 000.0%)
0.9~1 3(75.0%) 5(100.0%) 3(75.0%) 5(100.0%) 3(75.0%) 5(100.0%)
0.79]5k 000.0%) 000.0%) 000.0%) 000.0%) 000.0%) 000.0%)
0.7~0.8 1(25.0%) 000.0%) 1(25.0%) 000.0%) 000.0%) 000.0%)
20114
0.8~0.9 1(25.0%) 1(20.0%) 000.0%) 1(20.0%) 1(25.0%) 1(20.0%)
0.9~1 2(50.0%) 4(80.0%) 3(75.0%) 4(80.0%) 3(75.0%) 4(80.0%)
0.79]7k 000.0%) 000.0%) 000.0%) 000.0%) 000.0%) 000.0%)
0.7~0.8 2(50.0%) 000.0%) 1(25.0%) 000.0%) 000.0%) 000.0%)
2012\
0.8~0.9 2(50.0%) 2(40.0%) 000.0%) 1(20.0%) 2(50.0%) 1(20.0%)
0.9~1 000.0%) 3(60.0%) 3(75.0%) 4(80.0%) 2(50.0%) 4(80.0%)
0.79]7k 3(75.0%) 000.0%) 000.0%) 000.0%) 000.0%) 000.0%)
0.7~0.8 000.0%) 000.0%) 1(25.0%) 000.0%) 000.0%) 000.0%)
2013
0.8~0.9 1(25.0%) 2(40.0%) 000.0%) 1(20.0%) 1(25.0%) 000.0%)
0.9~1 000.0%) 3(60.0%) 3(75.0%) 4(80.0%) 3(75.0%) 5(100.0%)
0.79]5k 3(75.0%) 000.0%) 000.0%) 000.0%) 000.0%) 000.0%)
0.7~0.8 000.0%) 1(20.0%) 000.0%) 000.0%) 3(75.0%) 1(20.0%)
20143
0.8~0.9 1(25.0%) 2(40.0%) 000.0%) 000.0%) 1(25.0%) 1(20.0%)
0.9~1 000.0%) 2(40.0%) 4(100.0%) 5(100.0%) 000.0%) 3(60.0%)



3. Malmquist B4R FE o] &3 &4 st £

2010~20149 @3} F2 3o W MPIE <E 4-16>3 <F 4-17>
of Felstith. EF MPIe 718 FAE AW A @F e
MPIZAlE <19 4-8>, Z3 239 MPl FAHE <Y 4-9o =25
skt

#2 eqSo P MPIE <E 4-16>0] AP or, <E 4-18>0] A
= 201004~2011d 717ke] 2k S MPL <E 4-19>0 A& 2011-2012+
717ke] 2 eqE MPL <E 4-2000) 4 201220133 7)3ke] 7 e
MPI, <¥ 4-21>0] = 2013~2014d 7]7+e] 7+ a8 MPIZ A 43190
A= oo P MPIO) A$ 20108-2011 717t 4 10532, o]
20109 o] w3l 2011 A4 53% HEF e Uitk AZea

Ao A= AlF2dY MPIZE 1.063e= Ao 1.042ETh
=tk IEla TCIsk TECIS @< Wlws] B A4 o 5 A

o] TCIYd & & = AUTHTCITECD.

2011\ @~20123 7|7k A o] H+ MPI= 1.006o.=2 2011y H]3} 2012
| AL 0] 0.6% deilas & F don, A SUHe F A
TCIG . Az A28 vlaldA] AlF23e] MPI= 0.986°.2
Addiy] 01.4% 2 4&stR A, AW 1.0292 Ay 2.9%2 A<
StAth I AlT2F Y A Ao W12 TECISleH, A3
o WA ] F dele TC= Yerstth

201213~2013 71Ztoll A o] B MPIE 23622 2012 Hlsf 20134

111
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g ol A Frhstdon, 53 Aede] A9 35772 AlF2d
Ho gardol A4 F71akgd . 20133~20143 71 7ol A o] HHF MPIE
lojat= 2013del wlsl] 20149 Abdo]l A A ew, E3
Aupe-s)o] AgakAgd e 038182 Aol A ZAasTh

S 2L HF MPIE <F 4-17>0) AEstdom, <& 4-18>0lA
£ 20109~2011d 713ke] zF 238 MPL <& 4-190lA = 2011~2012d
712ke] 7+ &3 MPL, <E 4-2000M = 2012~2013d 7|3ke] Z+ e3d
MPI, <& 4-21>o)| A& 2013~2014\d 717+e] 7 23808 MPIE A AT
2010~2011d 713t 5= =9 4% 1.089=, ol= 2010 Hls|
2011 A4 o] 8.9% FFdSS UEMATH FHdd2dq T FAASY
LYol M= FAAGILH AL AU L19E F/HEFEH Y
1.0142 H9toh 18]l TCIS: TECIS] ke wiws] B A4 3atol
lo] TCIY & & 4 ATHTCITECD.

2011~2012\d 717Fol| A9l B MPIE 1.0532 = 2011d o] Hl3] 2012
d Aol et on, AR F7ke] FAle TCIRTHTCIDTECD.

FAded T FAAGGLA e HadA, FAASLLH] 1.094=

FAYeP R =Tt

201213~2013\d 7]17tell A 9] H# MPIE 1.1032.E 2011l Hl&] 2012
| AJ4bdol 103% SUFstR o, B3 FAAGP2e A9 1158
o7 AJdthH 15.8%° 712 Rt F7te] ¥ =3I TCIYH
(TCI>TECD. 2013\d~2014d ~]zFoll A9 ¥+ MPIE= 1.0100= 2013\
Hla 2014 Aol &% FURstH oH, FRAddSdol 1.0728 A4
ol F7heHd whell FAAGA-2B A 09622 Aol HAaFY
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F=y FZ oo 44 WskE wme) RE 20104-20114,
2012~2013d ol = A4k o] F71gk wbdA, 20113d~20123 3} 201311 ~2014d

de Aibgdol At 53 3w 2P Eo] LA Wste] Fof
%
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<& 4-16> 3= 239 d=H Malmquist A4 A+ HTF

TECI TCI MPI
0.989 1.075 1.063
22%1101%~ 0.990 1.053 1.042
0.990 1.065 1.053
0.988 0.996 0.986
22%1112%~ 0.975 1.055 1.029
0.982 1.023 1.006
0.955 1.385 1.321
22%1123%~ 1134 2.986 3.577
1.037 2.124 2.362
0.959 0.817 0.787
22%115;%~ 0.901 0.409 0.331
0.932 0.628 0.599
— 79 —
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<% 4-17> 7 239 4= Malmquist A48 A+ HTF

k] TECI TCI MPI
e 0.969 1.048 1014
22%1101% FAAFE e 0.967 1187 1.149
AA 27 0.968 112 1.089
R A 0.858 1171 1.003
22%1112% 274 o8 0.969 1132 1.094
AR 27 0.919 1150 1.053
e ed 0.839 1.256 1.035
22%1123%~ FAAD e 1.005 1.153 1.158
AA 27 0.931 1198 1103
R A 1.057 1.014 1072
22%115;% 274 o3 0.970 0.993 0.962
A 27 1.009 1.002 1.010
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<& 4-18> 2010~2011d A4H4 W3l 4423

7 Ay DMU TECI TCl MPI
DMUL 0.929 1.069 0.992

DMU2 1.006 1.018 1.024

DMU3 1.000 1.025 1.025

e o DMU4 1.000 1.279 1.279

DMUS 1.000 1.045 1045

DMUS 1.000 1.017 1017

DMU7 0.991 1071 1.062

e 27 0.989 1075 1.063
DMUS 0.957 1.058 1013

DMU9 0.953 1.082 1031

DMUI0 0.991 1.031 1.021

Ag-2:3) DMULL 0.944 1.065 1.006

DMUL2 0.994 1.055 1.048

DMUI3 1.100 1.028 1130

27 0.990 1.053 1.042

3 2 27 0.990 1.065 1.053

DMUL4 1.000 1.040 1.040

DMUI5 0.905 1.096 0.991

%i;og%* DMU16 0.988 1.004 0.991

) DMUL7 0.982 1.051 1.032

27 0.969 1.048 1014

e DMU18 0.944 1.079 1018
DMU19 1.000 1.217 1217

= A DMU20 1.000 1.23 1.235

=3 DMUZL 1.000 1.212 1212

DMU22 0.891 1192 1.062

27 0.967 1.187 1149

3 28 27 0.968 1125 1.089
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<& 4-19> 2011~2012d A4H4 ¥t E4 423

27} g DMU TECI TCl MPI
DMUL 0.986 1.022 1.008
DMU2 1.035 1.048 1.085
DMU3 1.000 1.007 1.007
DMU4 0.929 0.792 0.736
N 23

DMUS5 1.000 0.999 0.999
DMU6 1.000 1.042 1042
DMU7 0.968 1.061 1.027
o 27 0.988 0.99 0.986
DMUS 0.984 1.043 1.026
DMU9 0.984 1.021 1.005
DMU10 0.919 1.061 0.975
223 DMUL1 1.000 1.050 1.050
DMU12 0.964 1.050 1.012
DMUI3 1.000 1.106 1.106
27 0.975 1.055 1.029
23 2 0.982 1.023 1.006
DMU14 0.898 1115 1.002
DMU15 0.812 1.204 0.978
ij;‘g’“ﬁ DMU16 0.899 1.118 1.005
) DMU17 0.822 1.249 1.026
27 0.858 1171 1.003
DMUI8 0.864 1.237 1.069

s
DMU19 1.000 1.086 1.086
=] DMU20 1.000 1145 1145
=3 DMU21 1.000 1.099 1.099
DMU22 0.980 1.095 1073
27 0.969 1132 1,004
F3 29 27 0.919 1.150 1.053
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<& 4-20> 2012~2013d A4H4 ¥t E4 4237

27} e DMU TECI TCl MPI
DMUL 0.986 1072 1.057
DMU2 0.909 1731 1573
DMU3 1.000 1.327 1.327
s DMU4 0.932 1.568 1461
DMUS 0.897 1.188 1.065
DMUS 1.000 1.740 1.740
DMU7 0.960 1.068 1025
27 0.955 1.385 1.321

N
DMUS 0.981 2.204 2,162
DMU9 1.002 2.126 2130
DMU10 1.082 2.720 2.942
2428 DMULL 1.467 5.226 7.667
DMU12 1.270 3.396 4311
DMUL3 1,000 2.247 2.247
27 1134 2.986 3577
a2 23 27 1.037 2.124 2.362
DMUL4 0.752 1.404 1.056
DMUI5 0.853 1.211 1.034
i"—‘ij}%}'(ﬁ DMUL6 0.738 1.402 1.035
) DMUL7 1012 1.006 1018
2:7) 0.839 1.256 1.035
DMUIS 1.025 1.001 1.026

s
DMU19 1.000 1183 1183
=3 DMU20 1.000 1.265 1.265
=4 DMU21 0.984 1.130 1112
DMU22 1.014 1.186 1.203
27 1.005 1153 1.158
Fa 29 27 0.931 1.198 1103
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<& 4-21> 2013~2014d 44 ¥t E4 423

27} g DMU TECI TCl MPI
DMUL 1.020 0.993 1013

DMU2 0.794 0.679 0.539

DMU3 1.000 0.816 0.816

s DMU4 1.038 0.747 0.775

DMUS5 1.030 0.863 0.889

DMU6 0.930 0.661 0614

DMU7 0.901 0.957 0.862

e 27 0.959 0.817 0.787
DMUS 0.992 0.507 0.503

DMU9 0.993 0.521 0517

DMU10 0.834 0.405 0338

223 DMU11 0.652 0.213 0.139

DMU12 0.936 0.322 0.302

DMUI3 1.000 0.487 0.487

27 0.901 0.409 0.381

23 a4 0.932 0.628 0.599

DMUL4 1.023 0.959 0.981

DMUI5 1125 0.997 1122

%_T:r_;i% DMU16 1.040 1.038 1079

) DMUL7 1.042 1.061 1105

27 1.057 1.014 1072

- DMUI8 0.958 1.061 1.016
DMU19 0.794 1.000 0.793

= A4 DMU20 1.000 1.053 1.053

=3 DMU21 1016 0.912 0.927

DMU22 1.083 0.941 1.019

27 0.970 0.993 0.962

F3 29 27 1.009 1.002 1.010
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