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A Comparative Study on the Efficiencies

of Korean Local Governments

Chung, Chung Bok

Department of Economy and Industry
Graduate School of
Korea Maritime and Ocean University

Abstract

The role of local government is greatly increasing in the age of
borderless competition due to globalization. In the case of Korea, since local
elections were held in March 1991, local autonomy has been carried out
gradually with less central government involvement. With the opening of
the local autonomy era, the bigger changes have appeared in local autonomy
areas where local people take care of themselves and the inhabitants. This
study analyzes the current status of 16 metropolitan cities in the context of

regional decentralization and further analyzes the efficiency differences
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among regions. In addition, this study attempts to identify various variables
that affect efficiency and to analyze the relationships among variables.
Through this, I would like to find out whether the economic development
being biased toward the metropolitan areas is really efficient and to seek
policy implications about balanced increase in efficiency among areas.

In short, the purpose of this study is to analyze the efficiency differences
of metropolitan cities and to seek out their reasons among metropolitan
areas in Korea. The input variables are budgets, number of civil servants,
the number of sports facilities per 100,000 population, the number of social
welfare facilities per 100,000 population, the number of community centers.,
and total population. The output variables are the area sizes and total
population of inhabitants. Using input and output variables, we analyzed the
efficiency of 16 Korean metropolitan cities for 10 years from 2009 to 2018

Our research results can be summarized as follows.

First, the technical efficiencies were relatively higher than 0.7 in most
metropolitan cities, and Gyeonggi-do, Gangwon-do, and Jeju Special
Self-Governing Province were the most efficient metropolitan cities with a
technology efficiency value of 1. Pure technology efficiencies were found to
be higher than 09 in most metropolitan cities, and Gyeonggi—do,
Gangwon—-do, Gyeongsangbuk—-do, and Jeju Special Self-Governing Province
were the most efficient metropolitan cities with a technology efficiency
value of 1. The efficiencies of scale were found to be higher than 0.8 in
most metropolitan cities, and Gyeonggi—do, Gangwon-do and Jeju Special
Self-Governing Provinces were the most efficient metropolitan cities with
the technology efficiency value of 1.

Second, the results of the analysis of the size of the Korean metropolitan
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cities and provinces for 10 years from 2009 to 2018 show that Busan,
Incheon, Gwangju, Ulsan, Chungcheongbuk-do, Chungcheongnam-do,
Jeollabuk—do, and Gyeongsangnam-do have increased their returns to scales
for 10 years(IRS).

Third, as a result of comparing and analyzing the technology efficiency
according to the characteristics of metropolitan cities and provinces from
2009 to 2018, the technology efficiency in the eastern part was relatively
higher and the metropolitan area showed higher technology efficiency. In
addition, the technological efficiency of metropolitan cities were higher, and
the technical efficiencies were higher in the municipal government. The
pure technology efficiencies in the East were relatively higher, and the
metropolitan areas showed lower pure technology efficiencies than the
non-metropolitan areas from 2009 to 2013. From 2014, the pure technology
efficiencies in the metropolitan area were higher. The pure technology
efficiencies of metropolitan cities were higher, and the municipal government
of ruling party showed higher pure technology efficiencies. As a result of
comparing the scale efficiencies, the scale efficiency levels of the eastern
areas were higher and the metropolitan areas showed the higher efficiencies.

Fourth, as a result of regression analysis of factors influencing the
technology efficiency and net technology scale efficiency, the 5%
significance level hypothesis testings showed that the technology efficiencies
are based on the number of senior citizens, the ratio of elderly people, log
(hospital number), and log (environmental facilities). And log (national
budgets) showed significant results, and the factors affecting pure
technology efficiencies are the location differences between East-West

regions, the location differences between the metropolitan and

- xii —
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non-metropolitan cities, the difference of major party’'s and minor’s local
government, senior population ratios, and log(the number of hospitals).
Significant factors influencing the scale efficiencies were the location
differences between East-West regions, the location differences between the
metropolitan and non-metropolitan cities, senior population ratios, and

log(the number of hospitals).

Based on these findings, the following policy implications were obtained:

First, the relative differences of pure technology efficiency among 16
regions in Korea were relatively small, but the efficiency of the scale and
the efficiency of the technology showed larger differences among regions.
These findings appear to have shown the convergences in the level of
operational technology among local governments due to the redistributions of
the administrative budgets and the relocation of many administrative bodies

from seoul areas to non-seoul areas.

Second, in the case of local governments in Korea, if they have the
governors of the ruling party, they have significant impacts on efficiency
gains. In terms of technological efficiency and pure technology efficiency,
the efficiency gaps among local governments of the ruling party and
non-ruling party appear to show ruling party’s premiums, especially in
terms of national butgets disributions among regions.

Third, the higher the ratio of senior citizens, the less efficient they are. It
has shown that it is effective to reduce the non-productive population ratios
in terms of technical efficiency, pure technology efficiency, and scale
efficiency. These results implies that the higher welfare demands for elderly
population have trade—off relationships against regional efficiency levels.
Also this means that regional growths and technical progresses are closely

related to iIncreasing production-oriented people’s ratios and decreasing

— xiii -
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consumption-oriented people’s ratios.

KEY WORDS: DEA, metropolitan areas, technology efficiency, pure

technology efficiency, scale efficiency, returns to scale
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2011 | 1542.226 | 24005 25 529 77 13.71 332 19029.62 | 269.9195

2012 | 1669.19 | 24484 25 109.92 8.5 14.82 332 1902881 | 269.8353

2013 | 1774.442 | 24823 25 111.58 9.3 15.6 332 19028.98 269.944

2014 | 1848.013 | 25099 25 112.97 9.3 16.59 332 1902896 | 270.0794

2015 | 1929.053 | 25406 25 114.88 | 9.3 17.8 332 19030.74 | 270.2826

2016 | 2073.727 | 25720 25 11969 | 9.6 18.07 332 19031.31 | 270.0398

2017 | 2095.981 | 26538 25 116.73 | 10.3 18.34 332 1903254 | 269.1706

2018 | 223143 | 27356 25 11377 | 11.4 18.61 332 19033.77 | 267.6831

A5 0 S AR (KOSIS), A A %4 365- 41 A 4 & 7] 19

17) A7 A

18) A+ Av 9 AF

19) =7FEA £ (KOSIS), http://kosis.kr/, A WA A 365 WA A & A,
http://lofin.mois.go kr/websquare/websquare jsp?w2xPath=/ui/portal/stat/local/budget/sd002_bg204. xml)

Collection @ kmou



PBFFAN e AdmdEF S <7 2-7>o AU FFFAA QG
2018 145%F W o= 2009 w®l&] 2% W ZF7}EArh AT E T

FRIAAAEY F= 407F S etk Ao ®srt glom o2k 2009
d 375 e) flo] ulF] 20189 176% 2 F7He 660W ] Yoz ekt T
g St 2009l wlsl 1,620W 0] F7hek 20184 71 8,168 0% UERE

A7 Awk By AKAEFE AHRE 20189E 12503 ALEBANE S

91770 = HERSL

R 2-7 539N dtd @

(Mol & W A A, A, N, km2, W 9)

A
IS I .l A

ax | aa | FEL AT AN 4 e | 5 S

“H T | A0 o 4 = Al A Q=

21)

2009 | 375.0782 6539 b 112.44 5.7 7.67 91 501.25 143.364
2010 | 393.2507 6630 S 117.14 5.2 %5 94 501.24 145.4636
2011 423.147 6721 15 122.31 52 ) 7% 94 501.19 146.3464
2012 | 458.0317 6862 5 112.37 59 9.73 94 501.18 146.9216
2013 | 4795117 7011 5 110.19 6 10.39 94 501.18 147.291
2014 517.272 7100 5 127.99 6.1 10.84 95 501.18 147.5884
2015 | 560.3357 7367 5 108.61 6.2 10.94 95 501.15 147.2199
2016 | 591.7329 7634 5 112.44 6.2 10.35 95 501.12 146.9214
2017 | 590.1635 7901 5 119.21 6.1 9.76 95 501.09 146.377
2018 | 660.4674 8168 5 125.98 7.4 9.17 95 501.06 145.9336

A5 0 FAR(KOSIS), A4 A4 365- ] WA 4 -5 A .22)

20) 17+ A

21) o Avt g A4

22) =7} A EE(KOSIS), http://kosis.kr/, A A4 365-A %A 4 Z A,
http://lofin.mois.go.kr/websquare/websquare jsp?w2xPath=/ul/portal/stat/local/budget/sd002_bg204.xml)

Collection @ kmou



2.2.6 T3 HA

g Fg e dutd s e <xg 2-8>o A sgoh uFFgda e Q=
2018 246%F W o 2 2009l H|8) 289 W ATt Al TteE YU
FUAAAE = 407 Zastan. FHdd = A9 Wk ¢l

2009 663w o] W& 2018 173%= S7Fgh 1,1529W ] o2 ER

of

T 2000l Hle) 23927 0] S7hE 20189 71 13,194 = el
A7 AWk W ASAEAFE ARy 2018d% 101700 AF3| EA] A A

= 145370 = YEFR

)

E 2-8 739 dtdE R

(Mol & W A A, A, N, km2, W 9)

A
! Td | AEE | T . ,

am | ap |FEE| A asa EUURN N 5 LR

“H T | AR o 4 = Al A e

24)

2009 | 663.1085 | 10802 8 97.2 55 5.26 143 884.07 248.9781
2010 | 7189164 | 10999 8 97.15 5.6 8.04 132 884.1 251.1676
2011 | 7421293 | 11146 8 98.43 4.4 9.77 132 883.68 250.7271
2012 | 766.1263 | 11325 8 99.38 4.4 11.97 132 883.63 250.5644
2013 | 830.1372 | 11508 8 96.06 4.5 13.99 132 883.48 250.1588
2014 | 873.4657 | 11649 8 97.78 4.5 14.28 132 883.54 249.3264
2015 | 9154762 | 1204 8 94.42 4.6 14.71 132 883.56 248.7829
2016 | 1014.214 | 12202 8 99.58 4.9 14.65 132 883.56 248.4557
2017 | 1051.543 | 12698 8 100.76 4.9 14.59 139 883.6 247.5231
2018 | 1152.052 | 13194 8 101.94 5 14.53 139 883.64 246.1769

A% A (KOSIS), A8 A 4365 A 4 5 7.2

23) <1
24) <1
25) =7} A 9 (KOSIS), http://kosis.kr/, A WA A4 365-A] %A 4 E A,

http://lofin.mois.go.kr/websquare/websquare jsp?w2xPath=/ul/portal/stat/local/budget/sd002_bg204.xml)

Collection @ kmou



gAFeiAe dwARe <k 20> el BN AT
201841 1487+ W o 20009e] Ml Wahr} Gk AETEE BUdeH F
AAME S 347 S FHAE A WA glom ke 2009
d 353ue] flof w2018 184%E ZUhek 651w fo= upehgt
2 S 20090 HE) 1,008We] F7HE 2018 V& 77928 0% GhEb

ol A W AGAESE Ay 20189% 1247001 AbE BAAN A Fi

121470 2 YHERSE

F 2-9 B dtdE R

(Mol & W A A, A, N, km2, W 9)

=4
i 9 | AFE | FH - -

aw | oaqu | TR AT AR g g | | B L EL

T T | AF% o 4 2 AE) H 2] AT

20

2000 | 3531162 | 6784 | 5 | 10039 | 68 | 74l | 76 | 53086 | 148418
2010 | 3788357 | 6838 | 5 | 10401 | 71 | 924 | 77 | 5399 | 150.3664
2011 | 3952673 | 6895 | 5 | 10319 | 7.8 | 957 | 77 | 539.97 | 1515603
2012 | 4202425 | 6937 | 5 | 10508 | 81 | 997 | 77 | 54015 | 152.4583
2013 | 4809913 | 7086 | 5 | 10497 | 103 | 992 | 77 | 54024 | 1532811
2014 | 5027653 | 7172 | 5 | 10745 | 102 | 1071 | 78 | 539.28 | 153.1809
2015 | 5195839 | 7263 | 5 | 11062 | 85 | 1106 | 78 | 539.35 | 1518775
2016 | 5636043 | 7358 | 5 | 11252 | 86 | 1142 | 79 | 539.35 | 151437
2017 | 5660564 | 7575 | 5 | 11842 | 103 | 1178 | 79 | 53946 | 150.2227
2018 | 651.378 | 7792 | 5 | 12432 | 122 | 1214 | 79 | 53957 | 1489936

A5 0 S AR (KOSIS), A A 44 365- 412 4 & 7] .28)

26) A7+ A

27) AT AR W3 AF
28) = 71E A X8 (KOSIS), http://kosiskr/, A 23 365-A WA A %= A,
http://lofin.mois.go kr/websquare/websquare.jsp?w2xPath=/ui/portal/stat/local/budget/sd002_bg204.xml)

Collection @ kmou



2.2.8 T4 A

Rargel A WARe <E 2-10>0] Feetyth BTN elye

2018 344w

of
O
offl HU
Do
(@]
o
©
rL
2
=
)
—
(@]
o,
of
o
[N
_0|L
s
s
>,
~
-
N
rlr
offt
e
_0|L
H

A2 AH R Fdstdh FHAd = 2km? S7HT oAb 20099 982
o el W) 20184 163% % ZF7het 160199 Ao vepgrh F7Y &
20099l wls 3,074 el F7bek 20189 V)& 19,054 o2 vpEbnkTh <l
At W AgAEFE AR 2018d% 96710]aL A BAAE $= 5570

= et

HEEN
g

s

E 2-10 #4339 It g

(e} <, =, AN, AN, AN, AN, km?, % )
EA]
z9 | AFE | 2w ] ]
L < T
o 4 | TR AT AN | C o : 3 3
- Oﬂ 1l PN o 2] }\Zq) -0 X] }\] = X]';(] 1:4%4 o PN
- ?‘T = o A 5’\_ Al Eﬁ file | ‘I_.:I-L_,_
T fuiy

2009 | 982.6066 | 15980 16 88.37 4.6 5.11 215 766.12 354.303

2010 | 1068.15 | 16325 16 91.51 4.7 6.47 214 767.35 356.791

2011 | 1053.118 | 16362 16 91.33 5 B 214 768.41 | 355.0963

2012 | 1118952 | 16633 16 91.31 4.9 7.32 214 769.69 | 353.8484

2013 | 1180.634 | 16867 16 90 4.9 5.75 214 769.86 | 352.7635

2014 | 1222.217 | 17128 16 88.74 5.7 5.8 210 769.82 | 351.9401

2015 | 1343521 | 17514 16 89.9 5.5 5.83 208 769.83 | 351.3777

2016 | 1469.697 | 17838 16 94.87 5.7 5.72 206 769.89 | 349.8529

2017 | 1482187 | 18446 16 95.46 6.6 5.61 205 770.04 | 347.0653

2018 | 1601.465 | 19054 16 96.05 6.9 5.5 206 770.19 | 344.1453

A5 1 S AR (KOSIS), A A %4 365- 412 4 & 7] 3D

29) A7+ A

30) A ARF W AF

31) =7} A EE(KOSIS), http://kosis.kr/, A WA 4 365-A WA 4 E A,
http://lofin.mois.go kr/websquare/websquare jsp?w2xPath=/ui/portal/stat/local/budget/sd002_bg204. xml)

Collection @ kmou



2.29 A5

FUAAAE FE 127) Fasdh FAded s Ao werh gldnh dire
20099 2,871w¢] Lo Ha] 2018 159% = 73 457799 o vrebyt
ok TR S5 20096l Hs] 57851 0] 7k 201849 7] 52122W o2 1}
byt 1 AV T ASAdTE AR EY 2018d % 1107]0] a1 AR EA] A
A S TR YERY

£ 2-11 AESEA dutE

(e} 91, =, A, A, A, A, kme, 7 )

TA
3.0 }\}QE Z=n _ -
SL T o =1 O o T = T = =
% o] AF ol Al A S A Z A 2 Al A 22 S ©
= — 2= 2= | A2=32) . = o A o] L2
= i 7 s AE a5 AT
il T gl

33)
2009 | 2871.726 | 46337 25 108.65 9.9 5.05 436 605.25 | 1020.8302

2010 | 2906.788 | 46523 25 110.27 | 8.7 6.54 424 605.25 | 1031.2545

2011 | 2843.482 | 46828 25 114.32 8.4 6.65 424 605.21 1024.9679

2012 | 3001.604 | 47521 25 112.37 8.5 6.94 424 605.18 | 1019.5318

2013 | 3249.841 | 47958 25 112.32 8.3 749 423 605.2 1014.3645

2014 | 3427513 | 48463 25 111.06 8.3 7.93 423 605.21 | 1010.3233

2015 3631 49379 25 108.71 8.2 8.12 423 605.25 | 1002.2181

2016 | 3921.074 | 50430 25 11712 8 7.96 423 605.2 993.0616

2017 | 4232.029 | 51276 25 114 8.1 7.8 424 605.24 | 985.7426

2018 | 4577.769 | 52122 25 110.88 | 8.3 7.64 424 605.28 | 976.5623

A5 1 S AR (KOSIS), A A %4 365- 412 74 & 7] 34)

32) A7 A

33) A ARF HF AF

34) =7} A EE(KOSIS), http://kosis.kr/, A WA 4 365-A] WA 4 E A,
http://lofin.mois.go kr/websquare/websquare jsp?w2xPath=/ui/portal/stat/local/budget/sd002_bg204. xml)

Collection @ kmou



SAFAAN ] AnAFL <E 2-12>¢ Atk SAFIA Y A3E

2018 115%F Moz 2009 o] Hls] 49t W F7}Edth AT eEE 5Ly
T

1=
19
o,
=2,
I
:?L_“
N}
(@)
—
0e]
(L
—
[@))
DO
X
fr
of\
N
X
ol
(@]
0
[@))
1=
19
(o,
o
fr
T
Au)
30
o
-
o,
B
rlr

20099 mla] 1,022 0] F713F 2018\ 75 6,174W o= ERTE <l A vt
U A SAHASFE A EE 20189 % 13570l AFEEAAAE 4= 828

vhebet

f

(el 8, 7, A, A, Ol km?, v W)

A

29 | A5E | Fu i i
am | ap |FEE| A lasa EUURN N 5 LR

“H T | A o 4 = Al A e

36)
2009 | 361.8916 | 5152 5 | 12387 | 163 | 404 56 | 10532 | 111.4866
2010 | 3206558 | 5265 5 | 12847 | 163 | 542 56 1059 | 112.6298
2011 | 320.2907 | 5369 5 1299 | 166 52 56 1060 | 1135494
2012 | 3661094 | 5505 5 | 12682 | 104 | 506 56 | 106019 | 114.7256
2013 | 380.1322 | 6838 5 TR =P, 6.4 56 | 106046 | 115.648
2014 | 4237075 | 5728 5 | 13383 | 114 | 652 56 | 1060.75 | 116.6377
2015 | 4540752 | 5872 5 1285 | 116 | 699 56 | 106096 | 117.3534
2016 | 505.1291 | 5964 5 | 13409 | 9.1 7.42 56 | 106079 | 117.2304
2017 | 549.9607 | 6069 5 | 13466 | 94 | 78 56 | 106118 | 1165132
2018 | 586.1826 | 6174 5 | 13523 | 94 | 828 56 | 106157 | 1155623

A8 0 A (KOSIS), #1844 365-21 A g5 A 3D

35) <l
36) <l
37) = 7FE A (KOSIS), http://kosis.kr/, # A4 365-A %A 4 &7,

http://lofin.mois.go.kr/websquare/websquare jsp?w2xPath=/ul/portal/stat/local/budget/sd002_bg204.xml)
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2.2.11 AHBIA

o1 FgA e UukE e <F 2-13>¢] Attt AHFIA 9 <lF=
2018 295%F o= 2009l Hla] 24%F W Frtstth Al TU e
FRAAANE = 9 FrreAth FHAedE 35km? FUFEA L oAb
2009 90291 e} o] wls] 2018 154% = F7FeF 1,391 Yo eyt
T 20090 wlal] 1,281 0] F7hek 201849 71+ 14,186 o2 ERYE
LT AN MY ASAASEE AvR 2018d% 104740 a1 AFE]E-x] Al A
181170 = el

of

4 o

-
1

E 2-13 AHFGA dnd

(e} <, =, AN, AN, AN, AN, km?, % )
EA]
z9 | AFE | 2w ] ]
L < T
o 4 | TR AT AN | C o : 3 3
- Oﬂ 1l PN o 2] }\«38) -0 X] }\] = X]';(] tﬂ el o PN
- ?‘T = o A 5’\_ Al Eﬁ file | ‘I_.:I-L_,_
T fuiy

2009 | 902.9863 | 12968 10 10817 | 74 712 143 102701 | 271.0579

2010 | 976.0927 | 13305 10 11217 | 11.6 10.11 145 102943 | 275.8296

2011 | 933.4368 | 13160 10 111.59 9.6 10.71 145 103241 | 280.1274

2012 | 1042.679 | 13515 10 112.2 10.4 11.39 145 104082 | 284.3981

2013 | 1006.441 | 13015 10 109.38 5.5 12.19 146 1040.88 | 287.9782

2014 | 1135.142 | 13210 10 103.39 7.6 14.54 147 1046.27 | 290.2608

2015 | 1148125 | 13631 10 110.09 9.2 16.13 147 104898 | 292.5815

2016 | 121518 | 13816 10 11848 | 11.3 16.79 147 1062.6 | 294.3069

2017 | 1255.954 | 14001 10 11168 | 11.2 17.45 150 10626 | 294.8542

2018 | 1391.051 | 14186 10 10488 | 11.7 18.11 152 10626 | 295.4642

A5 1 S AR (KOSIS), A A %4 365- 411 A 74 & 7] 40

38) A A

39) A ARF W AF

40) =7+ A XY (KOSIS), http://kosiskr/, A 23 365-A WA A %= A,
http://lofin.mois.go kr/websquare/websquare jsp?w2xPath=/ui/portal/stat/local/budget/sd002_bg204. xml)

Collection @ kmou



2212 Agd =

1,238 Yo w3 2018 154%= Z7bsk 1,3919 ) o= eyt 3
Y = 20099 nl8] 3,003e] F7F3k 2018\ 7]F 22,378 o & e
A7 At W ASAIETE A EH 20180 % 1317103 A3 B A A =

242370 = ERSE

E 2-14 A 4dvrd s
o 9, 9

(H%‘ A, 8, A, A, AN, N, km?, RE R
TA
3LQ Al 3] B =)
%1_1?_ /\]:r‘__L 5(]—8,—/\] oT_J. }‘9’4—, _l_:__ %_ %_
= ol Ak zA | AXNA | AH
- “ oJ/\ 2~ 2 2=41) =—e] = ™ A o) o=
T g e W B A E 5 A
= 1 4

2009 | 1238.751 | 19375 24 10298 | 11.2 12.75 295 12232.67 | 191.3004

2010 | 1293.05 | 19463 22 113.37 | 12.7 16.89 295 1224682 | 191.8485

2011 | 1296.154 | 19297 22 TDNIRED) gl s8] Hi 295 1225659 | 191.4339

2012 | 1367.963 | 19005 22 11453 | 149 18.54 295 12269.98 | 190.9618

2013 | 140443 | 20281 22 116,66 | 159 20.66 295 12303.56 | 190.7172

2014 | 1452.481 | 20525 22 119.16 | 19.7 22.09 295 12309.04 190.578

2015 | 1551.282 | 20888 22 119.28 16 2294 295 12312.93 | 190.8996

2016 | 1602.808 | 21122 22 12185 | 158 23.37 295 12318.79 | 190.3914

2017 | 163749 | 21750 22 12661 | 179 23.8 297 1233513 | 189.6424

2018 | 1787.64 | 22378 22 131.37 | 20.1 24.23 297 12351.47 188.297

A5 0 S AR (KOSIS), A A 44 365- 412 78 & 7] 43)

41) A7 A

42) A7 AR W AF

43) =7+ A EE(KOSIS), http://kosiskr/, A ¥ 365-A W2 A %= A,
http://lofin.mois.go kr/websquare/websquare jsp?w2xPath=/ui/portal/stat/local/budget/sd002_bg204. xml)

Collection @ kmou
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18870 & hERRL

£ 2-15 A 5= dvtE
ks

(e A A, A, A, A, O, km?, W )
=4
Y9 | AL 1 N §
e | AT | ASA | 2L o = = ES
T RN = =
Aw of A ° | gy | 2R ANA | AR . o
il ?‘T =T o 5,: Al Eﬁ (i | 1_.:|'L_|_
T fuil

45)
2009 | 949.831 15641 16 108.55 10 14.29 241 8061.4 185.4508

2010 | 965.1394 | 16080 16 110.86 | 10.5 17.66 241 8066.76 | 186.8963

2011 | 1029.373 | 16035 16 116.38 | 10.6 16.6 241 8067.14 | 187.4031

2012 | 1083.956 | 16181 16 11653 | 11.2 17.19 241 8066.77 | 187.3341

2013 | 1173.461 | 16204 16 10769 | 11.7 17.35 241 8066.56 | 187.2965

2014 | 1219509 | 16551 16 11771 | 11.7 17.85 241 8067 187.156

2015 | 1281.529 | 16585 16 112.37 | 125 17.54 241 8067 186.9711

2016 | 1309.989 | 16762 16 1139 12.2 17.96 241 8069 186.4791

2017 | 1344961 | 16938 16 113777 | 131 18.38 241 3069 185.4607

2018 | 1469.043 | 17114 16 11364 | 138 18.8 243 3069 183.6832

A5 1 S AR (KOSIS), A A %4 365- 41 A 78 & 7] 46)

44) 1
45) 21
46) =7} A£G (KOSIS), http://kosis.kr/, A WA 4 365-A WA 4 E A,

http://lofin.mois.go kr/websquare/websquare jsp?w2xPath=/ui/portal/stat/local/budget/sd002_bg204. xml)
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2214 AFx

I
:‘,)LL
DO
(@)
—
(0e]
(L
—
0
[@))
X
fr
o|N
N
X
rot
a1
(@)
DO
1=
19
(o
|o
fr
T
)
3L
v
of
o
(o,
-
rlr

3 2-16>¢ Astrk AFE] A= 20189 66

bk Al aaes wdsty FuAA

Hl&l 8667 o] =713k 20184 7]+ 58067 o2 yEbytth ol A4 ut

N5 A nm 20189 % 1217]0] 3 AFE EAA A = 140972 LFEb
¥ 2-16 Al 4xudasd
(el 9, %, A, A AN A km?, vE )
=
- _ T R N .
ae | o | SR AT RN D LA | an | 2] L3
T T | A4 o 4 2 AE) H 4 =
48)
2009 | 269.6185 4940 2 136.85 114 11.37 43 1848.72 56.2663
2010 | 274.9785 4976 2 152.12 77 13.65 43 1848.85 57.1255
2011 | 285.3177 5012 2 140.76 7.6 14.06 43 1849.18 57.6156
2012 | 307.6318 5048 2 143.56 7.4 14.39 43 1849.3 58.3713
2013 | 336.6685 5095 2 140.62 Te® 15.66 43 1849.26 59.3806
2014 | 358.2474 5172 2 141.93 4.3 15.64 43 1849.02 60.7346
2015 | 381.9406 5254 2 138.21 3.2 15.86 43 1849.13 62.4395
2016 410.281 5382 2 121.57 3.1 15.27 43 1849.15 64.1597
2017 | 444.9308 5594 2 121.6 5.4 14.68 43 1850.16 65.7083
2018 | 502.9743 5806 2 121.63 5.6 14.09 43 1851.17 66.7191

A% A (KOSIS), A1 A 4365+ A %4 5 #.49)

47) <1
48) <l
49) Z71%

http://lofin.mois.go kr/websquare/websquare jsp?w2xPath=/ui/portal/stat/local/budget/sd002_bg204. xml)

Collection @ kmou



SHGE dvrdde <& 2-17>9 A s SHEE A= 2018
W 2129k Wow 20099l s 199 F7ksklnh Al s 17 At
Fom FRAAME F 4370 F7HATh FHA e 402km® FHAsHTh €
Abe 20099 1,035M9] el HlE] 20189 145% = F7F3 1504m9] fo = 1}
Ebwtth 35
2 OUERRTh Rl AR 9 ASAEEE A9 R 20189 % 10570 0] 3L AR
BAAAE = 20570 e

= 2009l Hla 16469l 7 2018 7] 1813478 ©

R 2-17 S3EE 4dvtdE s
ks

(e A, 9, A, A, 7K, 7N, km?, ¥F 9)
=4
29 | AgE | 2w ] .
« TR
. | BEE| A AN | S o : %= £
- Oﬂ 1l PN o 2] }\—0) -0 X] }\] = X]';(] tﬂ el o PN
o T = T o = 2 AE el AT
T fuil

2009 | 1035.234 | 16483 18 106.84 | 10.6 11.04 164 862895 | 203.7582

2010 1062 17464 18 10513 | 10.5 15.37 164 8630.25 | 207.5514

2011 | 1096.403 | 16819 18 105.36 | 10.2 15.61 164 8630.12 | 210.1284

2012 | 1181.516 | 16310 17 101.1 10.8 16.36 164 8204 202.8777

2013 | 1168.298 | 16660 17 10397 | 10.8 17.19 168 8204 204.7631

2014 | 1238.738 | 16952 17 102.46 | 10.3 18.81 175 821368 | 206.2273

2015 | 1272.223 | 17295 17 100.4 9.5 19.3 179 821399 | 207.7649

2016 | 1385.326 | 17530 17 107.93 | 10.6 19.7 186 822614 | 209.6727

2017 | 1371.153 | 17832 17 106.81 | 101 20.1 207 8226.37 211.677

2018 | 1504.333 | 18134 17 105.69 | 10.7 20.5 207 8226.6 | 212.6282

A5 0 AR (KOSIS), A A %4 365- 412 4 & 7] 52)

50) 1 A

51) 1 ARk W AF

52) =7} A Y (KOSIS), http://kosis.kr/, A WA 4 365-A WA 4 E A,
http://lofin.mois.go kr/websquare/websquare jsp?w2xPath=/ui/portal/stat/local/budget/sd002_bg204. xml)

Collection @ kmou



<E 2-18>9 At =3
Hls] 77+ v F71ekdTh AT
17h7F a8t A Ao E 24km? At o

vl sl 20184 161%= <F7Fgk 1,085W ] o

Rom FRIAA] AlH
AHE 20099 672 ]
= 2000l Hla 17419 0] S 20189 7]F 13,756 o=

' NE R

:‘,:
T AN HY S AAFEE AR 20189 % 1407] 0] oL

¥ 2-18 AHAEE 4utd g
(el 8, 7, A, A, Ol km?, v W)
T A]
g T | AEE | F9 - =
o ok FEE | Al 7]%_’\] 24 | A4 | 2K = =
5 T4 | AR5 A 7 ol -
4 1 2] T A E -
54)
2009 | 672.6664 12015 14 108.35 6.5 17.15 154 7433 152.7478
2010 | 725.4585 12119 14 111.58 7.6 20.2 153 7433 154.9528
2011 | 760.4636 12255 14 111.52 6.4 2.5) 153 7433 156.2903
2012 | 784.0029 12436 14 108.39 6.9 22.48 153 7406 156.5628
2013 | 838.3027 12605 14 108.79 75 22.7 152 7407 157.2732
2014 | 905.1661 12814 15 110.2 7 23.05 153 7407 157.8933
2015 | 949.6813 13074 15 111.43 8.5 23.55 153 7407 158.3952
2016 | 980.8174 13186 15 114.85 9.1 24.5 153 7407 159.1625
2017 | 1003.099 13471 15 127.76 10.1 25.45 153 7408 159.4432
2018 | 1085.642 13756 15 140.67 9.9 26.4 153 7409 159.9252
25 1 A (KOSIS), AW Al 24365-%] %A 4 & 7 .55
53) I Av W A
54) A4 AR @ A
55) =7} A £ (KOSIS), http://kosiskr/, A 23 365-A WA A %= A,

http://lofin.mois.go kr/websquare/websquare jsp?w2xPath=/ui/portal/stat/local/budget/sd002_bg204. xml)
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A3 FEAEY AA

3.1 DEAR Y

3.1.1 CCRE ¥

DEA(Data Envelope Analysis)®&-2 #®l17} 753 DMU(Decision
Making Units)E° dt4d &4 H7IE #13 43 A & (Linear Programm)
Wolth A gE 5EAHEST FHE JHHEA g Aite JE

(Production Possibility Set)S AAstal FUQoAY AEE ARE 84

|

\<

A% 37 & (Empirical Efficiency Frontier)S %=%3ith o] &84% 7|50 =
H7Idgel DMU2 Ay 944 A=ES AF53843 DMUS A ¥zte] Amlz

=A43= A A gH7pdoltks6) o] DEA R3S CCR(Charnes, Cooper and

o|\

Rhodes, 1978)50 .8 3} BCC(Banker, Charnes, and Cooper, 1984)38) 5.3 o] 7]

(Charnes, Cooper and Rhodes, 1978)%9.
obe) A& CCREA dlg FA40w] 5 o , = AR ol

56) Charnes, A. Cooper, W.W. and Rhodes(1978), pp.429-444.
57) Charnes, A. Cooper, W.W. and Rhodes(1978), pp.429-444.
58) Banker, R. D.(1984), pp.35-44.

59) Charnes, A. Cooper, W.W. and Rhodes(1978), pp.429-444.
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dEEI A Bl 271E dWEE e 0RUE 2 v A2 o=
pmu;®l BEA, s = FU= ofrWa(slack variable)olal 7 = AMEE

Min:© — ¢[ lef’-l- let]
s.t0=9x,-,-0— le,-,-?\;—sf,iZI,Z,'",m. (1)
=

Vo= Zyy,; sy, r=1,2,",s

3.1.2 BCCE ¥

Banker, Charnes and Cooper(1984)60)+= CCRE&o] 1R E&A Y <£7]+x
A4S FEste] SA5A EIue ddS 53] f8 BCCEH S A|A &

2t BCCREE CCREFoIAS 5848 FRESAT /14584 T8
g & Atk BCCEZe &84 #e Fol2l ANFE stolAe ¢7&asA
2 @t BCCEIS 483 35 FUAG 2d3 454F ng /%
284 ol Tl Yeun, T 4% W5se SFEel get nge] Ay

= t}6D)

BCCEZe chélsh el Bod & gk,

Min:0 — ¢[ lef’-l- let]

60) Banker, R. D., 1984, Estimating Most Productive Scale Size Using Data
Envelopment Analysis, pp.35-44.
61) Charnes, A. Cooper, W.W. and Rhodes(1978), pp.429-444.
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n
s.t0="0x ; — ;1x,-,-?\,-—s,7,i=1,2,“-,m
n
Yo, = Zlyy,-?\,-—Sﬁ, r=1,2,,s. 2)
“=
1=2A,

CCR H4Z 7]4 & &4 (technical efficiency)o] 2} 3t}
BCCEHE ## 7Isst DMUE o]l g4 A4t 7t531E 55 23 (convex

combination) 2.2 7} sk, old] AlxtE HF4E £V 8 &4 (pure technical
efficiency)o] g} sttt wkek DMU7ZF 7F4 A2 pRe] @Z7]2 $99tta st
H, o]i= CCR¥} BBC EgdA 3|zl gteo] th& DMUe| Hl3] && % o]7] o
ol th

TR E&42 DMUS R e §84& S43= ZQd CCRESE
e BCCae&AH o2 yro AxtdEth CCREE&A] BCCA&A BT AW (Y]
& o] 18t W) A FRAA HEsEde] EATdTE AS r gt o]
P

49 TFEFAY A7 (Decreasing Returns to Scale; DRS)7F #-gdtha 3o},

CCR &&4o] BCCE&AH dAAME gho] 191 A-F) dAl qFRolA H]
FeAol EAA Feve s 9ulgit o] A R =W (Constant
Returns to Scale; CRS)7} #H&¥dthar gt} vk CCREE&A ] BCCESAE R
o HoHME gro] 1HT AHow)dA] FRoA E&A0l o FTdEHATE
AL 9wt} o] A9 R4 A F(Increasing Returns to Scale; IRS)7} 2
|¥ohal gk

_ 98 —
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Hoh AW @A FEReA HEE&AC] EAddeE AS 9veH
DRS(Decreasing Returns to Scale)”} #8#thal sty CCR &-&4 o] BCC
24 dAEtE dA FRAA HlEsde] EAEA Fethe S ov] et
™ .CRS(Constant Returns to Scale)”} #r&®thal gtk CCR &&4¢] BCC
FE&AAHEY How dAl FRAA E&4del o FUHEATE AS 9wy
T+ 22 IRS(Increasing Returns to Scale)”} 2F-8 ¥ t}ar sk},

el ow R FEFe vA=A

a&
olr 7] H3) gty or AL83t= YHFE A5 H(Ordinary Least Square;
Y(E8A4) =6+ 8X +e, 3

A7IM Yive &84 A X, Xiv 24 8¢, e 24k Folt, ojuf A

Fa e = EWFA gh(unbiased estimates)©] 7] 913 F23 871 F

o & Cov(Yi, ei)= 0°] Hojof gt} et JHQle] #5HA &= &g whet
284 AAFer A4dEttd AddRAodA OLS WHoz FHE A9
8]le] S AAT 2 HE 7H el gith

olwj A %= AGE SAH EEAAHRY FAAARE
%A (endogenous problem)= YA EE AlgSozH AY HE ZHE-

ATkl LA vk i, &l B LA & ddFe v

=
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E 4-2 "9 7125 AZF(2009~2018)

(&9 Ao 9, o0 9 Ak, v W)
4 =

o Sl Ry Bl P B I
AR 1068 | 17138 18 129 23 193 16874 | 154
A7 = 4171 | 47612 | 50 114 14 548 10177 | 1231
A= 1717 | 22982 | 23 104 9 314 10537 | 333
Bdus 1798 | 25074 | 25 114 16 332 19030 | 269
FTFGA 505 | 7193 5 117 10 94 501 146
o733 Al 873 | 11758 8 98 12 135 884 249
o7 3 Al 483 | 7170 5 109 10 78 540 151
A A 1252 | 17215 16 92 6 211 769 352
Ae5HEA 3466 | 48684 | 25 112 7 425 605 | 1008
kg Al 427 | 5794 5 130 6 56 1060 115
AHFAA 1101 | 13481 10 110 13 147 1045 | 287
Aepd = 1463 | 20408 | 22 118 19 295 12294 | 191
AepE e 1183 | 16409 16 113 17 241 8067 186

AFEHAAE | 357 | 5228 2 136 14 43 1849 61
Y= 1232 | 17148 17 105 17 178 8340 | 208
THAEE 871 | 12773 15 115 23 153 7415 157
A7) 1373 | 18504 16 113 14 215 6249 | 319

T AFAA A0 WY

A7 0 72 A ZE(KOSIS), http:/kosis.kr/,

A EAAA

A0 T &
A1 A 74 36541 A A E A,

http://lofin.mois.go.kr/websquare/websquare.jsp?w2xPath=/ui/portal/stat/local/budget/sd002_bg204.xml)
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S7I8M=Z 71 wow, AFE-AR 7} 20/ 2 7H Adet SFAAE = 4
7127k 51670 & 7 wow, B A7E 22708 7 ATk A=A S
g A9 A7=0 14502 /M Ba AlFEEA =)

ok FEAS A= 100436 re) 2 Jbg wa, AFEEAX =7 119
(Murde) 2 7 A

E 4-2 W59 72T A F(2009~20189) : A%
(91:9, 7H, 1008+ &2

ggaol Wy
Mo AL ARE] & Bl 7 | BAANA | AFAAEEY | FEY
AR 16.4 88 172 66 1,841
A7 = 10.0 578 516 145 100,436
A= 13.3 264 354 71 52,980
R 17.2 197 274 77 46,066
B4 10.6 129 22 39 13,968
o733 Al 12.0 127 62 45 6,658
g A 10.2 95 19 48 4,099
F kg Al 13.7 316 172 61 13,708
Mg 5 A 11.7 357 312 99 55,148
SAHE A A 8.3 84 89 43 78,980
A FAA 10.1 174 123 57 29,428
Aod = 19.9 160 268 41 34,217
A= 171 162 155 47 8,841
A FE 2} = 13.3 20 30 26 119
Y= 15.9 129 214 55 64,973
TAEE 14.4 89 148 44 14,500
A 134 186 183 60 32,873

25 1 H7FEAIREE(KOSIS), http//kosiskr/, AA17365- 24417 &,
http://lofinmois.gokr/websquare/websquare. jsp?w2xPath=/ui/portal/stat/local/budget/sd002_bg204.xml)
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¥ 4-3 CRS 884 5%

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | A
A&5¥EA [1.000 | 1.000 | 1.000 | 0.989 | 0.986 | 0.982 | 0.982 | 0.965 | 0.956 | 0.948 | 0.981
FA3 Al 10.981]0.910(0.9190.862 | 0.831 | 0.814]0.799 | 0.785 | 0.760 | 0.736 | 0.840
g3 A 1.000]0.975]0.959 | 0.948 | 0.932 | 0.920 | 0.902 | 0.895 | 0.873 | 0.851 | 0.926
AxF A 10.87110.870 | 0.890 | 0.886 | 0.923 | 0.920 | 0.906 | 0.902 | 0.895 | 0.883 | 0.895
FFF9A 0.967]0.960|0.936 | 0.905 | 0.894 | 0.886 | 0.861 | 0.844 | 0.826 | 0.809 | 0.889
g A 1.000]0.989 | 0.981 | 0.965 | 0.927 | 0.917 | 0.901 | 0.839 | 0.870 | 0.850 | 0.929
A9 Al 10.923]0.978(0.986 | 0.945 | 0.945 | 0.932 ] 0.925| 0.916 | 0.912 | 0.906 | 0.937
A7 % 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
AR 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
THARE 0.870 ] 0.831 | 0.805|0.794 | 0.789 | 0.779 | 0.773 | 0.774 | 0.773 | 0.773 | 0.796
THAEE 0.881 | 0.888 | 0.894 | 0.856 | 0.840 | 0.809 | 0.795 | 0.769 | 0.741 | 0.737 | 0.821
e = 0.756 1 0.749 | 0.748 | 0.743 | 0.742 | 0.735 | 0.734 | 0.730 | 0.725 | 0.718 | 0.738
debd = 0.78210.758 | 1.000 | 0.768 | 0.736 | 0.728 | 0.726 | 0.721 | 0.711 | 0.702 | 0.763
BAEE 1.000 0.994 | 0.995 | 1.000 | 0.997 | 0.995 | 0.991 | 0.983 | 0.987 | 0.991 | 0.993
BAEE 0.933 ] 0.850 | 0.849 | 0.845 | 0.842 | 0.840 | 0.837 | 0.833 | 0.826 | 0.817 | 0.847
Al 538 212 &1 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
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¥ 4-4 VRSESA ZHA
2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | = A
A&5dA 11.000]1.000 | 1.000 | 0.989 | 0.986 | 0.987 | 0.999 | 0.966 | 0.960 | 0.974 | 0.986
FARg Al [1.000]0.981 | 0.980 | 0.978 | 0.987 | 1.000 | 0.996 | 0.969 | 0.967 | 0.960 | 0.982
g3 A [1.000 | 1.000 | 0.992 | 0.986 | 0.999 | 0.989 | 1.000 | 0.975 | 0.967 | 0.959 | 0.987
AF9A] 10.9390.903|0.921 [0.918]0.953 | 0.961 | 0.936 | 0.931 | 0.923 | 0.942 | 0.933
B4 A [1.000]1.000 | 0.995|0.984 ] 0.972 [ 0.966 | 0.960 | 0.943 | 0.933 | 0.934 | 0.969
gid3< A [1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.992 | 0.982 | 0.973 | 0.960 | 0.950 | 0.986
SAg9 Al [1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.999 | 0.996 | 0.992 | 0.999
A7 % 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
AR 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
TAER 0.99410.970 | 0.968 | 0.986 | 0.981 | 0.968 | 0.957 | 0.933 | 0.855 | 0.821 | 0.943
TAET= 1.000 | 1.000 | 1.000 | 1.000 | 0.980 | 0.985| 1.000 | 0.942 | 0.943 | 0.950 | 0.980
At = 0.94710.929 | 0.890 | 0.887 | 0.947 | 0.878 | 0.911 | 0.900 | 0.900 | 0.900 | 0.909
A= 1.000 | 0.935] 1.000 | 0.935 | 0.906 | 0.889 | 0.884 | 0.868 | 0.838 | 0.810 | 0.907
BAEE 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
B = 1.000 [ 0.951 0.928 | 0.951 | 0.978 | 0.980 | 1.000 | 0.965 | 0.945] 0.931 | 0.963
Al 5 22 £ 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
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X 4-5 TEESEA FAHA

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | A
A&5¥EA [1.000|1.000 | 1.000 | 1.000 | 1.000 | 0.995 | 0.983 | 0.999 | 0.996 | 0.973 | 0.995
FA3 Al 0.981]0.928(0.938|0.881 | 0.842 | 0.814 | 0.802 | 0.810 | 0.787 | 0.767 | 0.855
o3 A [1.000]0.975]0.967 | 0.961 | 0.932 | 0.930 | 0.902 | 0.918 | 0.903 | 0.887 | 0.938
AxF A 10.92810.963 | 0.966 | 0.966 | 0.969 | 0.957 | 0.968 | 0.969 | 0.969 | 0.943 | 0.960
FFF9A 0.967]0.960(0.941 | 0.921 | 0.920 | 0.917 ] 0.898 | 0.895 | 0.885 | 0.866 | 0.917
g A 11.000]0.989 | 0.981 | 0.965 | 0.927 | 0.924 | 0.917| 0.914 | 0.906 | 0.895 | 0.942
=239 Al 10.923]0.978(0.986 | 0.945 | 0.945 | 0.932 ] 0.925| 0.917 | 0.915 | 0.913 | 0.938
A7 % 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
AR 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
THARE 0.875 ] 0.857 | 0.832 | 0.806 | 0.804 | 0.804 | 0.808 | 0.830 | 0.903 | 0.941 | 0.846
THAEE 0.881 | 0.888 | 0.894 | 0.856 | 0.857 | 0.822 | 0.795 | 0.816 | 0.786 | 0.776 | 0.837
e = 0.798 | 0.806 | 0.840 | 0.837 | 0.784 | 0.838 | 0.806 | 0.811 | 0.805 | 0.798 | 0.812
debd = 0.78210.811 | 1.000 | 0.822 | 0.812 | 0.819 | 0.822 | 0.831 | 0.849 | 0.866 | 0.841
BAEE 1.000 0.994 | 0.995 | 1.000 | 0.997 | 0.995 | 0.991 | 0.983 | 0.987 | 0.991 | 0.993
BAEE 0.933]0.893 | 0.914 | 0.889 | 0.860 | 0.858 | 0.837 | 0.863 | 0.874 | 0.878 | 0.880
Al 538 212 &1 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
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200958 2018744 1037 B o] EA wet 7EFeAS v
Ade <E 4-7>3 2ok WA FAGEE) R R Ao, SR (F
=

4, T, A&, A, A 24D Tle e ol AR (s e A ) e 7]
FaEAAEY WA = JEEgon ARd vaudM: F5-9 &4 ¢
= AS AT = AT sHANE MEeks el siedo] EE A HolA
= AEY 2 Vlesaads Bolal UM G Aok HFH A S ] nlel A
= B9 Veasddel =/ dEue, (A AAAdM o =
e AE4S Hola Y
X 4-7 7Y CRSEEA FAA
2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
sa | A% [0913]0.904]0.925 | 0.891 | 0.884 | 0876 | 0.868 | 0.859 | 0.850 | 0.842
AT w2 0973|0951 [0951 | 0933 0.924 | 0917 | 0909 | 0.902 | 0.893 | 0.883
s | FET 0957|0957 | 0.963 | 0.958 | 0970 | 0.967 | 0.963 | 0.956 | 0950 | 0.945

e A7 10930 | 0.914 | 0.929 | 0.895 | 0.883 | 0.873 | 0.865 | 0.857 | 0.846 | 0.838

703 A] #0968 | 0.960 | 0.959 | 0.937 | 0.930 | 0.921 | 0.909 | 0.900 | 0.886 | 0.873

e H] 3¢9 A1 [ 0.903 | 0.884 | 0.911 | 0.876 | 0.868 | 0.861 | 0.857 | 0.851 | 0.845 | 0.842

Al &= A] ofd 09510945 0.951 | 0.933 | 0.924 | 0.927 | 0.920 | 0.914 | 0.838 | 0.823

(33 oFg [ 0.901 | 0.883 ] 0.925 | 0.891 | 0.884 | 0.855 | 0.847 | 0.837 | 0.901 | 0.934

A 0.935 | 0.922 | 0.935 | 0.907 | 0.899 | 0.891 | 0.883 | 0.875 | 0.866 | 0.858
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2009 28 20181 7H#] 10\ 7F B A =
3 A= <E 4-8>3 2k WA FA

Ao % 3 o13»ﬂ77m At e e EEA S
Holth 014WFE FEAAGY #r1EmeAe] o wobdth welAsh @
Ao wael A Aol @rlEEEA] ¥ UEom, o AR

¥ 4-8 7Y VRSESA 5HA

2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

=2 A1 10988 | 0.974 | 0.977 | 0.970 | 0.972 | 0.963 | 0.963 | 0.946 | 0.931 | 0.928

A% T 1.000 | 0.989 | 0.983 | 0.986 | 0.994 | 0.995 | 0.999 | 0.985 | 0.979 | 0.974

FE4 0980|0968 |0.974 | 0.969 | 0.980 | 0.983 | 0.978 | 0.966 | 0.961 | 0.972

e A7 10996 | 0.982 ] 0.981 | 0.977 | 0.981 | 0.973 | 0.976 | 0.959 | 0.946 | 0.939

e A Fe Al 10992 | 0.985 | 0.986 | 0.982 | 0.987 | 0.987 | 0.984 | 0.970 | 0.963 | 0.964

e H] 3¢9 A1 0,993 | 0.973 | 0.973 | 0.970 | 0.974 | 0.962 | 0.969 | 0.951 | 0.935 | 0.926

Al &= A] o 09940983 ]0.983|0.986 | 0.994 | 0.991 | 0.991 | 0.980 | 0.930 | 0.930

(33 ofg  [0.989]0.972 | 0.977 | 0.970 | 0.972 | 0.958 | 0.962 | 0.941 | 0.973 | 0.978
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E 4-11 V€58 ¥ 4

Variable B SE t-value p—value
& 2.237 0.038 58.566 0.000
A5 -0.140 0.097 -1.451 0.149
T -0.013 0.109 -0.118 0.907
F A -0.143 0.099 -1.450 0.150
o A=A A} -0.283 0.111 -2.563 0.012
AL ARH] & -0.331 0.100 -3.318 0.001
log(H < <) 0.496 0.111 4.484 0.000
log(#73 A1 ) -0.307 0.099 -3.105 0.002
logCd=r A Al ) -0.287 0.109 -2.641 0.009
log(F&w ) -0.124 0.097 -1.287 0.200

R?=0.366, F-value=2.475, p=0.000
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S, 89 S B 1% F7HE oF 04004 %9 BEYFEFES e
Ao vehhth webd BA57 Be A9U5s o ¥ af4S BT
JaL 1 ztol= wig- F ZEAAolE fddts Aoz dEya gt

¥ 4-12 €718 €A g8 &4

Variable B SE t-value p—value
& 2.282 0.034 66.551 0.000
A5 -0.477 0.087 -5.507 0.000
T -0.203 0.097 -2.085 0.039
F A -0.939 0.089 -10.597 0.000
o A=A A} -0.984 0.099 -9.918 0.000
AL ARH] & -0.355 0.089 -3.970 0.000
log (] €157) 0.400 0.099 4.033 0.000
log (B3 A4 ) -0.070 0.089 -0.788 0.432
log (=7 A A vl &) -0.132 0.097 -1.355 0.178
log(F3&w ) 0.031 0.087 0.363 0.717

R?=0.707, F-value=10.366, p=0.000
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X 4-13 TR TEAH FFAA 4

Variable B SE t-value p—value
& 1.750 0.022 80.146 0.000
A5 -0.121 0.055 -2.188 0.031
T 0.001 0.062 0.013 0.990
F A -0.167 0.056 -2.955 0.004
o Al =X A} -0.082 0.063 -1.293 0.199
AL ARH] & -0.131 0.057 -2.306 0.023
log(H < <) 0.395 0.063 6.253 0.000
log(#73 A4 ) 0.056 0.056 0.988 0.325
log(A=r A Al ) -0.105 0.062 -1.694 0.093
log(F&w ) -0.007 0.055 -0.135 0.893

R*=0.463, F-value=3.700, p=0.000
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