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A Study on the Analysis of Food Manufacturers Productivity
Efficiency in Korean Cities and Provinces

Considering Undesirable Output

Jong Cheon Kim

Department of Applied Economics, The Graduate School
Pukyong National University

Abstract

The purpose of this study is to carry out comparative analysis on the
productivity and the productivity changes in the city in cases of including
undesirable outputs taken into consideration and the case where it is not
considered. To achieve the purpose of this study, conducted studies are as
below.

First, | want to find out the difference between the productivity considering
undesirable output and the general productivity. To achive more deliberate
results than previous studies, | divided MLPECI and MLSECI which are
ingredients of MLTECI simultaneously using both CRS and VRS

Second, | want to find out which subsentece affects higher on cities
according to the effort of reducing emissions for pollutants such as nitrogen
oxides and fine dust. To achieve this, | estimate the output losses that need
to give up as reducing emissions for pollutants by using strong—disposability
and weak-disposability.

Lastly, if the output losses estimated low, there is no guarantee that those
cities are operated at optimal levels. Through simultaneous comparison
between CRS, VRS and NIRS using constraints on optimal levels, | estimate
returns to scale to see whether cities are being operated at optimal levels.



The study estimates MLPI using nitrogen oxide(NOx), fine dust(PM10), and
also estimates MPI which is not applied in Korea during the six years from
2008 to 2013. Then, by comparing and analyzing the two indexes, the study
examined whether major cities in Korea are achieving sustainable production
and growth by considering the amount of undesirable output emissions when
producing goods. The results of the study are as follows.

First, the MPI's geometric mean is 0.9988 from 2008 to 2013 without
considering undesirable outputs. Thus it is estimated to be semi-efficiency
because there is 1% productivity declines averagely.

Second, there is a productivity efficiency because the estimated result of
geometric mean of MPIL index according to the average productivity index per
time—series is estimated as 1.0249 during analysis period from 2008 to 2013
considering undesirable outputs. There is a productivity efficiency through
technical combining input and ouput regarding operating food manufacturer
because MLTECI, technical efficiency changes index, is estimated as 1.0152.
Thus it is seem to be changed as 1.5% increases in efficiency. On the other
hand, MLTCI, ML Technical Changes Index, is seem to have a productivity
efficiency because it is estimated as 1.0003, and enhanced slightly around
0.03%. Therefore, the reason why annual average 2.4% increases of total
factor producivity considering undesirable output are seem to be caused
slightly by technical efficiency. Although MLTECI has a productivity efficiency,
the reason why it is seem to have aspects of less changes relatively is that
the composition factor, MLSECI, is estimated as 1.0070.

Third, when comparing two before and after indexes considering undesirable
output during the analysis period, average MLPI is eatimated 2.6%, 1.6% higher
than MPI perspectively in time-series and cities(DMUs). When the study
compares the difference between the two indexes by city, the city with the
most difference is Gangwon-do, where the growth rate gap is 19.6%. The
absolute average of the difference between cities is 3.3%.

Fourth, during the six—year analysis period, the sum of the total output loss
of cities, taking into consideration both fine dust and nitrogen oxides, is
11.3196 trillion won and the city average is 665.8 billion won. Gyeonggi do in

_10_



2008, 2010~2013, and Jeollabuk do in 2009 showed the largest output loss by
major cities except the whole country. The city with the largest average output
loss in the 6 year analysis period is Gyeonggi do, and the city with zero is
Daejeon city and Ulsan city. During the entire six year analysis period
considering nitrogen oxides, the total output loss is 12.6393 trillion won and
the city average is 744billion won. The city with the largest average output loss
during the alanlysis period is Gyeonggi do, and the cities with 0 are Daejeon
city and Ulsan city. During the entire six year analysis period considering fine
dust, the total output loss is 16.5783 trillion won and the city average is
973.4billion won. The city with the largest average output loss during the
alanlysis period is Gyeonggi do, and the cities with 0 are Daejeon city and
Ulsan city, and the results are similar to previous results.

This study gives a chance to experimentally use methodology which has
been applied to related studies such as environmentology, environmental
economics, business administration, but has not yet been applied to food area.
In other words, this study will give next researchers a chance to collect,
approach, utilize, grasp, enhance statistics data since it introduces concepts or
mathematical programming using economics and environmental area away from
study on present condition in food manufacture area and consider existing
formula and horizontal connection between informal statistics. Above all, all
things considered, this study can carry an important meaning.

Key words : Malmquist-Luenberger Index, Directional Distance Function,

Environment, Data Envelopment Analysis, Food manufacture.
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ML= . .
1+D[f+l(1‘t+l7 yt+1 , bt+1 :gt+1) 1+l)f(1’t7yt7bt :gt) 1+Df( f+1 t+1 bt+1 gt+1)
= MLEFFCH'*'< MLTECH'**
————————————————— (19)
Dy(az'y' b)) =1/(1+ D} (a",y'b" 1 g') —————mmmm (20)
D5+1(xt+17yt+17bt+1) _ 1/(1+sz+1(xt+17yt+1’bt+1 :gt+1)) __________ (21)

(1+ D (24 g) J
(1+D5+1($t+1,yt+1,bt+l :gt+l))
(1+Dct+1($t,yt,bt :gt) (1+Dt+l( t+1,yt+1,bt+l :gt+l)) %
(1+Dct(l’t7yt,bt :gt) (].+D ( T4+ 1 yt+17bt+1 :gt+l))
1+ 5 (8 < g)) }
(1+St+1($t+l,yt+1,bt+l :gt+1))

MPI¢} v}z 74 2 MLPIE= AAME S7F, 74, W38t glee
MLtt+1:(l‘t+1,yt+1,bt+1,xt,yt,bt) >1’ MLtt+1:(xt+1 f+17bt+1,mt’yt’bt) < 1

Y
ML = @y Ly ) = 1 R 22 depTh e sl st

142 MPIst a5 7)ge dde fo3 AEEd FIPHAL
F7teta e @B o] #adte WEor V)ewd, VY TEHE AEE
2R AEd T UFEoR Ve Hsh Vews) gleoR FA T,

e |

MLTECE ™ =(r" o/ ™0\ \b) > 1 MLTECH ™=(d"'y/ "W i) <1

MLIECH, " '=("y b hd' b ) =12 2170 el

(Fare et al, 2001 : 392)
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=0l EINONES 20,923.2 42,098.4 1,150.0 178,839.0
= FERL 540,946.3 1,094,324.6 35,716.0 4,626,664.0

2012 EI17t%| 8,792,352.4 17,705,713.7 677,331.0 75,149,913.0
rME PM10 5,774,245.1 11,613,808.5 404,237.0 49,400,752.0

NOx 3,058,535.5 6,183,324.1 266,174.0 26,089,995.0
=0 = INONES 21,519.8 43,318.7 1,202.0 183,800.0
= TR 571,468.1 1,157,422.5 41,236.0 4,884,474.0

2013 2I17tx| 9,048,216.6 18,214,331.5 728,910.0 77,320,481.0
A= PM10 5,874,237.2 11,813,660.9 405,300.0 50,238,384.0

NOx 3,216,700.1 6,500,509.6 244,860.0 27,449,372.0
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3 5-1> MPIE o] &3 58 =A] B 7|8 A A Ge] A A4 v
=

X% T DMU 2008 2009 2010 2011 2012 2013
=2 100.0 106.3 112.0 109.7 102.7 100.2

MEAl 100.0 231.5 160.1 152.9 160.9 192.1

HARA| 100.0 97.8 90.7 83.9 83.7 82.0

Cf A 100.0 101.7 109.6 90.8 89.4 92.5

CIFA| 100.0 78.4 88.6 133.8 111.8 100.0

ZFA 100.0 119.9 145.5 109. 1 99.6 92.2

CH Al 100.0 129.9 119.9 117.6 132.3 116.0

SARA| 100.0 92.8 89.5 73.8 65.2 73.8

MPI A= 100.0 109.5 119.6 114.4 106.8 105.0
P 100.0 67.5 65.9 75.2 71.5 69.7

SHEE 100.0 113.8 129.5 110.0 93.4 81.9
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MatE T 100.0 114.4 94.7 95.0 92.8 100.5
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34%, 6%, 17% 3+t =t o] F2 MSECIZ} 0.8383% 17% 3}etato]
gkl IS = Ao vewt wed A 5.1% AR a3e
L MTCIel 3§io] 7|3 & HAA@S Hol FAAANA o] AU
oF 4 gl 2009~2010Fd MTECIZF 1.1077& 10.7% 3= ATt o]
MPECI7} 0.9242% 8% 3tehstql ovb MSECIZF 1.1160, 11.6%% H A<=
Bol MPIZF 0.7% &3l 71998kt 2010~2011d-2 MTECIZF 0.9257=
8% 3stetsbal, 74249 MPECIZ} 0.9511% 5% 3teksle] MPIZF 0.9581
2 5% stEels H4aS Btk 2012~20139-& 18y MTECI, MPECI
7b 2474 11171, 112172 ARG o2 Yesa 22 11.7%, 12.1% 345
Aok ey MTCIZF 0.89769 H53ks B 21% stetste] BidE 1%
stetsle Adbs Holth

lo
o

i

<FE 5-2> AAIEE HF MPI

AAEE g datd X

Al A MTECI MTCI MPECI MSECI MPI
2008~2009 | 0.7390* 1.3239%* 0.9476+ 0.8383% 1.0517 %%

2009~2010 1.1077 0.9264 0.9742 1.1160%* 1.0072
2010~2011 0.9257 1.0290 0.9511 0.9790 0.9581 *
2011~2012 0.9321 1.0517 1.0166 0.9176 0.9810
2012~2013 | 1.1171%% 0.8976+ 11217 %% 0.9918 0.9986
7I ot 0.9537 1.0356 1.0002 0.9642 0.9988
EzHX} 0.1559 0.1687 0.0722 0.1024 0.0348
Z|Ci gt 1.1171 1.3239 1.1217 1.1160 1.0517

= £7t 0.7390 0.8976 0.9476 0.8383 0.9581

Y, e s
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2012-2013

2011-2012
= MNP

AlAHE=

2010-2011 = pAS ECT

- MPECH

2009-2010
- pATCH

m pATECH
2008-2009

o0.80 0.90 1.00 1.10 1.20 1.30 140
= 4arg

[2¥ 5-3] MPIE ©o]&& A ALE Ha A A=

3. 578 EA 2 7 =X 3 A A FA

<E 5-3>2 A FAHE 4 7telA e AN FA L 718H 7S DMU
A2 QoFst Aojth 2008~2013d Atolo] 7H =2 Aabge] S
= DMUE A&S5HAIZ A%t 13.9%9 AL &F4s 7HA2 Zo=
LERS AL, REHe] B e Aabd ] sEs HoFE DMUE Z9EE 7%9]
Aol aEhe 7S Ao YEHT ARAHoR Aunm, A
= MTECI 1.1019, MTCI 1.0341, MPECI 1.0912, MSEEI 1.0098%
af&dor FHHJEH o5 MTECI, MPECI, MSECI7F &84 ¥
Yzt HYgS 2ol DUM Tl 71 & FoA28aH39] s
1k o] xﬂ?—gt MTECIZ} 0.9043, MPECI 0.9592, MSECI 0.9428%
Fa &2, MTCIZ}F 1.0288% &84 ow FAHHAEd olF MSECIY
o= MTEcm HEghs Belol wel FA4 g4 DMU 7hedl 7 s%
Hat IS BHAFRT o] % di-3 A= MTCIZF 1.0592% H
goz FAFEAo MTECI, MPECI, MSECI R% Fa&%olH o
MPECI7} 0.93619] H&ats Hol AL 2% stgaigla, F4b3
MTCIZ7} 1.03412 &&% o]} MTECI, MPECI, MSECI7}
i, o]% MSECI7} MTECI stghol]l |3 Fo], T e 58

i
off & r2 o

>,
o 1

L)
o
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2 AL 4% stEskadth. &4 E 9 Al MTECI, MPECI, MTCIE= 8§

Aolal MSECIE #&&Fo|loy MTCIZF 0.997308 HEZHS Hola

MPECIZ} MTECI®] &}goll d&s 74 *&Mﬂ*w 6% stetst Ao =

velstth, 7e B4 F F39EE MTCIL, MPECIE &8 % oA x vk MTECI,

MSECIE #a &% o]a o] & MSECIZ} 0.92439] HE#S Ho] AL
o

AL MTECI, MSECIZ}F & 8% o]3 MTCI, MPECI &%
MTCI 4.7% 3ol MSECI® 4.4% 3t Aafste] o4

[e]
Jol 714w ARE ZAEAASES & 5 9

Aol o

5
1% atetsisith

%_
AL o] g8

< 5-3> 79 ZA] 2 7|EF BA HF MPI

DMUYE HF MAFA X%

DMU MTEC] MTCI MPECI MSECI MPI
M= 0.9551 1.0474 1.0000 0.9551 1.0003
A2A| 1.1019%* 1.0341 1.0912x+ 1.0098+ 1.1395%«
S AA| 0.9140 1.0517 0.9741 0.9383 0.9612
CH LA 0.9296 1.0592+ % 0.9361* 0.9930 0.9846
I A 0.9946 1.0054 1.0281 0.9674 0.9999
2 A 0.9763 1.0077 0.9763 1.0000 0.9838
CHE A 1.0000 1.0301 1.0000 1.0000 1.0301
S4AA 0.9437 0.9973x* 0.9437 1.0000 0.9411
VS 0.9639 1.0477 1.0044 0.9597 1.0099
zels 0.9043* 1.0288 0.9592 0.9428 0.9303*
ZHED 0.9344 1.0283 1.0000 0.9344 0.9609
EX =1 0.9488 1.0516 1.0266 0.9243* 0.9977
Meles 0.9864 1.0148 1.0593 0.9311 1.0010
R = 0.9876 1.0576 1.0307 0.9581 1.0445
AAE T 1.0046 1.0576 1.0479 0.9587 1.0626
HAAL 0.9236 1.0576 0.9967 0.9267 0.9768
MEE 0.9445 1.0323 0.9445 1.0000 0.9749
7|5Hd o 0.9645 1.0356 1.0002 0.9642 0.9988
FZ=MA} 0.0467 0.0202 0.0432 0.0299 0.0496
=S gt 1.1019 1.0592 1.0912 1.0098 1.1395
E &gt 0.9043 0.9973 0.9361 0.9243 0.9303
ARG, ARG
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1. 7o %A 2 718 B4 $AAS 85 Fo
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T8 EAE S o® MLTECIS WH3tE Avnd, A= sietAs Ko
3 d&=d, 2008~2013d 7|7F Rk FRAEA o)
WEstal otk o] 7|3k MLPECIE %8l glo] et Aol Alfdo=
A EH | 2008~20099 84 FEo® wolxl o

QA E o] 7Aoo R 3 EE A Esta . 2010~2013W FRAEEA ShE
ZolA 71X RBA Q4 o xx wow MLPIZF 80 o2 e 3
Bokaks Holal uh. A& 2008~2013 717+ Bot okg Aol HRES
Aol 3 ke wom yjlEMow ZFA FHEatal otk 2008~20094
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<i 5-4> MLPIE ©]&3 F8 %A % 7|e EA] WEAF] w444 v
7E
x| DMU 2008 2009 2010 2011 2012 2013
M= 100.0 78.7 71.2 73.1 74.0 81.7
MESEHA| 100.0 86.2 110.8 110.8 102.4 120.5
S AZIA| 100.0 71.8 70.6 75.7 75.9 88.5
Al 100.0 105.1 91.5 122.9 125.2 122.0
Q1M A 100.0 100.0 100.0 78.5 85.5 100.0
YL 100.0 100.0 88.8 100.1 100.1 101.6
CHR oAl 100.0 100.0 100.0 100.0 100.0 100.0
24 A 100.0 112.3 101.3 107.9 1131 108.9
MLPI R 100.0 90.0 83.1 85.3 91.9 97.8
P 100.0 153.2 165.3 156.9 138.3 182.0
SHEL 100.0 98.8 84.5 95.7 95.7 96.4
B 100.0 98.7 94.9 88.8 101.8 95.5
MatE 100.0 146.5 145.2 154.8 151.0 167.8
Matg s 100.0 99.7 90.9 104.6 89.3 92.5
Erae 100.0 88.0 76.0 69.9 66.8 67.4
AAE 100.0 140.8 136.0 139.2 138.2 144.2
HFE 100.0 133.1 133.1 133.1 125.3 127.3
[S] 100.0 84.0 84.6 81.4 83.8 80.6
MESEEA| 100.0 74.4 100.0 100.0 88.7 104.3
S 100.0 66.5 73.0 73.9 79.3 92.4
oAl 100.0 1441 122.7 154.2 171.3 151.2
Q1M 2o A| 100.0 100.0 100.0 79.5 84.3 83.4
LFEYAA 100.0 100.0 100.0 100.0 100.0 100.0
CH A ZodA| 100.0 100.0 100.0 100.0 100.0 100.0
SAHEA| 100.0 100.0 100.0 100.0 100.0 100.0
MLTECI A= 100.0 92.6 93.4 89.3 100.0 100.0
dels 100.0 196.6 196.6 196.6 196.6 196.6
SHEZ 100.0 126.3 115.5 126.3 126.3 126.3
SHYE 100.0 97.4 98.6 86.4 106.7 106.7
RECT 100.0 138.4 140.6 139.6 142.4 136.7
R 100.0 121.0 121.4 131.7 118.2 111.8
Aaes 100.0 100.0 87.1 74.5 80.2 73.8
AAE 100.0 155.5 155.5 151.3 155.5 153.5
HFEE 100.0 100.0 100.0 100.0 100.0 100.0
= 100.0 93.8 84.2 89.9 88.3 101.4
MEEEA| 100.0 116.0 110.8 110.8 115.5 129.5
A A 100.0 108.1 96.7 102.3 95.7 106.4
Al 100.0 72.9 74.6 79.7 73.1 80.7
QIHZ oA 100.0 100.0 100.0 98.8 101.4 119.9
YFHAA 100.0 100.0 88.8 100.1 100.1 101.6
CHR oAl 100.0 100.0 100.0 100.0 100.0 100.0
S A 100.0 112.3 101.3 107.9 1131 108.9
MLTCI A= 100.0 97.3 89.0 95.5 91.9 97.8
zels 100.0 77.9 84.1 79.8 70.4 92.5
SHEZ 100.0 78.2 73.2 75.8 75.8 76.3
SHEE 100.0 101.3 96.2 102.8 95.5 89.5
MatE s 100.0 105.8 103.3 110.9 106.1 122.8
Matgs 100.0 82.4 74.9 79.4 75.6 82.7
Aaes 100.0 88.0 87.3 93.9 83.3 91.3
ANEE 100.0 90.6 87.5 92.1 88.9 93.9
M F = 100.0 133.1 133.1 133.1 125.3 127.3
Fi1 2008S 7lEdE 10002 3
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2. ANASE Hg BAAY A5 F4

<E 5-b>% 2008~20139d¢] #A77F w<te] MLPIAF+ L9&54
(PM10, NOx)& aelst Faatbdel Wste]l FAXE wojFr. o] 7|3t
¢t MLPIX & 1 7189 o] 1.0249% FAFHo] a&or B4}
% @874 W49 MLTECIE 1.01528 FAHo] 2%EA %
Aol TP k=] EAHd AFS FEAlA ZEH ooy &840l

H
15% A== Fgsiel Mal dd Ao B & gk @8, /1% W
0

IJTHE AMES & 5 dth 9] F 71 MLTECIO] F2Fo] FH4 0.2
ANA H 7.6% sdtd ZEH IS E MLTCI® 0] HA 3.4%0MA
Hdl 4.3% atetste] MLPIO] 7S AASQIth ¥, FHeo F 77k
MLTCI®] F5Fo] HA 4.4%04 Hd 7.8% F53te] 7% IBA G500
&l SdE MLTECI® &l #HA 1.3%, AW 1.4% 3}ehste] MLPI
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Aol oy} MLTECIZF 1.07622 HUHghe B 7.6%= &4+ i1, MLPECI
7F 1.0363% HUAghs o] AL 13.7% F4EAh o] 713 MLTECI
b HOgke Bl A MLSECIZF 1.385%2 wAsHAl =37 wliEolth
2009~2010112 MLTECI®] REE AxEol @a&Holdonvt, MLTCIZF
0.9565= 4.3% 3&}tate] ik 0.94339 FHE3to = 5.6% FHE AT
2010~2011d MLSECIZ} #4:3k 0.9555% 4.4% 3}=tsle] MLTECIZ}
FagHor vegoy MLTCIZF 1.0441 &€FHo=z ey, A
2.4% FAF AT 1 ¥rol] 2011~2012d& MLPECIZF H 43S ®Hol 1.8%
slekalal MLSECIZF HYigks ®o] 4.8% F7Fete] MLTECIE &4 409
oy, MLTCIZF Fa&4oZ 3.4% Haste] A4S 1.6% EHEIA
2012~20139& MLTECI/} & &3 o2 HAES ¥ 1.5% ddlont
MLTCIZ} 9%k 1.0781 &40 2 7.8% Z71ete] AAELS 45% 34y
Atk F, AFAZRAG] theluE st wsle] fdlo] ol Qo] 7EEEe}

U
8
ARE AHYY 71E5Ee wate] 71AF Roldee T ozl S5

.

i

-

-

<E 5-5> AAEE H MLPI

AAZE B BAH A%

Al A MLTECI MLTCI MLPECI MLSECI MLPI
2008~2009 1.0762+% 0.9639 1.0363+* 1.0385 1.1378%%
2009~2010 1.0029 0.9565~ 1.0014 1.0015 0.9433%
2010~2011 0.9869 1.0441 1.0328 0.9555~ 1.0242
2011~2012 1.0287 0.9651 0.9814% 1.0482* % 0.9837
2012~2013 0.9843% 1.0781*x 0.9903 0.9939 1.0459

7|stE 1.0152 1.0003 1.0082 1.0070 1.0249

HEEHX 0.0381 0.0558 0.0249 0.0372 0.0733

gt 1.0762 1.0781 1.0363 1.0482 1.1378

= &gt 0.9843 0.9565 0.9814 0.9555 0.9433
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2012-2013

2011-2012

= PMLPY
AlH'YE zoio- 2011 = PLSECH
= PMLPECH
20092010 - LT CH

m|m PMLTECH

Z008-2009

0.80 o090 1.00 1.10 120
a3 garg

[2¥ 5-8] MLPIE ©]&3F A AIE A A A5
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S
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ox
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Lo
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ox
o
4
9

oljﬁé:ﬂ‘ 127%5}] /‘g/ﬂ_’}‘é_gl ‘("5012/6]—.% 7].]:]% 7)_1_9‘2- L]'E]»
7

7} 0.9578% 4.2% stets Hol Fo] AMdE 3.9% HEHUAT AEA=
MLTECIY] RE A HEEo] Fa&4ola MLTCIZF 1.0530 HYAgS 1o
AAE 3.7% FHEACY. FHEEE MLPECIE 12 W37 fllx
MLSECIZ} 1.0478% MLTECIE @&&4olA o} MLTCIZF H3%:3k
0.9474% 5.2% 3&}etste]l AL 0.7% HREACT. dddxsE MLTCI
7} 0.98752 1.2% &tste] =& &% o1dAw MLSECIS] 9zt 1.0647
FFo 2 MLTECIZF 8.9% “&ssto]l A 7.6% 7= AT
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<E 5-6> 8 TA] ¥4 7]E} A H+ MLPI

DMUE "o ditd X

MLTECI MLTCI MLPECI MLSECI MLPI
0.9578 1.0028 1.0000 0.9578x 0.9605
0.9857 1.0530%** 0.9908 0.9949 1.0379
0.9637 1.0125 0.9700 0.9935 0.9758
1.0863 0.9580 1.0802 1.0056 1.0406
0.9644 1.0370 1.0000 0.9644 1.0000
1.0000 1.0032 1.0000 1.0000 1.0032
1.0000 1.0000 1.0000 1.0000 1.0000
1.0000 1.0171 1.0000 1.0000 1.0171
1.0000 0.9956 1.0000 1.0000 0.9956
1.1448%~ 0.9846 1.1448%~ 1.0000 11272~
1.0478 0.9474x 1.0000 1.0478 0.9927
1.0130 0.9781 1.0000 1.0130 0.9908
1.0645 1.0419 1.0000 1.0645 1.1091
1.0225 0.9628 1.0033 1.0192 0.9845
0.9411% 0.9820 0.9414% 0.9997 0.9242x
1.0895 0.9875 1.0234 1.0647%x 1.0760
M= 1.0000 1.0494 1.0000 1.0000 1.0494
|sted 1.0152 1.0003 1.0082 1.0070 1.0155
FEHEA 0.0542 0.0316 0.0440 0.0289 0.0520
St 1.1448 1.0530 1.1448 1.0647 1.1272
E ot 0.9411 0.9474 0.9414 0.9578 0.9242
=AU, e AR
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. FE 2 A2} 7| EFE A] Catch-up
12 B.
1 %ﬂr e e —
_ o8 ——T 0 A
=224 GE == |EF= A|
0.4
0.2
0
2008-2009 2009-2010 2010-2011 2011-2012 2012-2013
MAE
=T A%} ZIEFEAl Catch-up Gap
01
0,05
o //’" _““-—-—-"-‘:-;._‘_.h_‘_ _._ﬁ‘..-—-——'""‘
-0.05 O0E=2009 /%OQ— 010 PO10-2011 ITI =012 2012-P013
Gap -0.1 —+—Gap
_0‘ 15 / /
09 ///
-0.25 4
-0.3
AlAZ

[28 5-10] MLPIZ o] &3 F98 T A9 7]} EA] 7]< Catch-up Gap

5. MPI$} MLPIE o]&3 AAA A4 £3 v

o QREAL Zogtta & 4§ . MFEAHoR Aund AEE ST
2009~2010 0.2 vhebs
i, AEE SISl L9EHEY HaAnERY 2A2(MPI < MLPD 713

2008~2009¢, 2010~2011%, 2011~20124, 2012~2013d .= EFRT]

["O

o] 9 ABA] 7+An|ERT (MPT > MLPD 7|7+
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<E 5-7> AAIEE B MPI, MLPI Bl

NAZE B WP AAEE B MLP
AlAA MTECI MTCI MPI AlA A MLTECI MLTCI MLPI
2008-2009 | 0.7390% | 1.3239%x | 1.0617*~ 208200 | 1.0762xx 0.9639 1.1378**
2009-2010 1.1077 0.9264 1.0072 2008-2010 1.0029 0.9565+* 0.9433~
2010-2011 0.9257 1.0290 0.9581* 2010-2011 0.9869 1.0441 1.0242
2011-2012 0.9321 1.0517 0.9810 2011-2012 1.0287 0.9651 0.9837
2012-2013 | 1.1171x* | 0.8976+* 0.9986 2012-2013 | 0.9843+ 1.0781+* 1.0459

2
k>

7|std ¢ 0.9537 1.0356 0.9988 7|5k 1.0152 1.0003 1.0249
EFHRL 0.1559 0.1687 0.0348 FEEHA 0.0381 0.0558 0.0733
‘—;ﬂ” 1.1171 1.3239 1.0517 =|ch gk 1.0762 1.0781 1.1378

—

o b

>+>

N|IN[NIANIAN[A|A|V A

7 0.7390 0.8976 0.9581
R, *=F Sk

gL 0.9843 0.9565 0.9433

FIF
)

AlAIEE I P2 e Hl

—— AP
—— NP

Zo0s-2009 2009-2010 2010-2011 2011-2012 2012-2013
AlAHIE=

[ 5-11]1 AAIE® Hd MPI, MLPI H|a

< 5-8>¢F [18 5-12]04 HE nvle} Zo] TAE=R F zhe] xfolE

HlaE] B, 7 folrt E EAlE YRR JFEC] 19.6%7HA 2bol 7t
Stk mAE zpole] Auigh Fs TefEy 3.2%% Tk o]# g AbEE R
SH9EdE nEekA] ¥a =AY AAAES HUHE A9 Al 52 34wt
45955 ¢ T 3

ARA o st Axs X AEA], il 7=, SEE, det
Wi, ARRES] T ZAE MPI > MLPI = et ] oA 7 &2
AolE Hel Bl AAHER 13.8%2 HEbkth mehd, o5 EAES 4t

Z59 Z7HEo] 99EA Ay 7ZAHE HU 2 TA S} o]¢hE iz
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Ao FARA Al QIHA, FFAl, 224, ZYE, SHRE, AgEE
AAEE, AFE 107] BA= MLPI > MPI & et} o] Foa 7b4d &2
ZtolE HRl HAIE 9 e AR UERTE kA, ol EAES 2
B4 A fhavgo] AEE F7HIE 1o A vUEhd EAl S|t

Fo TAS 7| EAZ Hus BHY F8 EAE MLPI1.0104)7F
MPI(1.0040)®t} A3 = o} ‘TR & & B A zol7F 0.6%=
L4k olo wlEl 7]El EAlE MLPI(1.0258)7F MPI(0.9946) ¥t} =a1
MLPIWF ‘T'Hv} & gh& Holm Aibgd ol Zpol7h 3.1% =4 YEbs:

s, FEAY HFEd AGHEE Had] B FEAGEE,
SAl EEHS4D MLPI(1.0521)7F MPI(1.0229)R.tt A3 & o} ‘1'Hu &
#e 2o A Aozt 2.9% Stt. olo] HlE| HFEA(THE

T, A= ¥3)2 MLPI(1.0164)7F MPI(1.0020)®.t} A3 JA] o} ‘U
B} 2 g Hol Ak Aoyt FEAEBET 1.4% WA YErTh welba
dEAS 1 o] nestA &2 A ET Fue

2
ol dssts vE LHdEdS SouA AMAS SUARtE RS 9T

>
ki
i
o

= ==
> A= S

>,\1

=
Ak, BAZIZ B¢ A R AGEE ¥ o, g A7 F8 EAR

o, FEde] HFEd LABAL FoluA AMAL Fulshd ETpH ol
a}

A7) A FEFPAD SAAY 9 A FEAGIAL 5 A1 WA AN A, QA A
NEE TS 19e SRS WA AN Ak e FEAS WeE 439, ZAN, A
o) w5 e L ASFA wek 1 3H ek 9eka & gl SEde) 444 Wel

o2 Bk $HIE 122 ol AYLASE 2 FUAIGS) 157 Fode

o] ool o2 Aelsic slol Aol webd, $EAS Aok A A1 A4
25 M £A%, A0 B9, ﬂnfa g sl wAE

18) 3= S12003) ATANE o|sh ge Ak QFHAT, olAL o] BYo| B 0B AL
el SR A2 skseelel Folsel Aridow Bage] ol Hi Aol w ool
meah e AT QPEAS Teld Aol BEd B wef BE =49 U} 54
g therhl, 09EAS welal Ade BN Aast gk 99Bd we ool we ®

> T o K
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ABAL TASA e AWV VFoE B4 AMAES BARE e
gaata gths A oud o AnERE e@Eel w8 YAl
GFL Fohe AL ¢ & gom mAviY ool Yol MAE o
gol tEth: A2 44T & Ak
<E% 5-8> F8 LA B 7|E=A] Hvt MPI, MLPI Hla
DMUE E# MPI of 2 DMUZE & MLPI
DMU MTECI MTCI MP! - DMU MLTECI | MLTCI MLPI
o= 0.9551 0.9159** 1.0003 > o= 0.9578 1.0028 0.9605
MEA| 1.1019%* | 0.8497* | 1.1395** > MEA| 0.9857 1.0530%* 1.0379
FLHA 0.9140 0.9159 0.9612 < oA 0.9637 1.0125 0.9758
CH T2 Al 0.9296 0.9159 0.9846 < CHTE A 1.0863 0.9580 1.0406
QIFA| 0.9946 0.8604 0.9999 < QITA| 0.9644 1.0370 1.0000
ZFA 0.9763 0.8595 0.9838 < T 1.0000 1.0032 1.0032
CHE A 1.0000 0.8765 1.0301 > CHE A 1.0000 1.0000 1.0000
S0 0.9437 0.8990 0.9411 < S0 1.0000 1.0171 1.0171
A= 0.9639 0.9159 1.0099 > 4d7|= 1.0000 0.9956 0.9956
ZeE 0.9043+ 0.9159 0.9303~ < U= 1.1448%* 0.9846 1.1272x*
B 0.9344 0.8933 0.9609 < SHEE 1.0478 0.9474~ 0.9927
S3EE 0.9488 0.9159 0.9977 > SHEE 1.0130 0.9781 0.9908
Helsx 0.9864 0.8719 1.0010 < e 1.0645 1.0419 1.1091
= 0.9876 0.9159 1.0445 > Ml = 1.0225 0.9628 0.9845
ZHMEE 1.0046 0.9159 1.0626 > AT 0.9411% 0.9820 0.9242~
ZMHE 0.9236 0.9159 0.9768 < ZMEHE 1.0895 0.9875 1.0760
M 0.9445 0.9117 0.9749 < T = 1.0000 1.0494 1.0494
Jlstgd 0.9645 0.8976 0.9988 < 7|stE 1.0152 1.0003 1.0155
EFHER 0.0467 0.0243 0.0496 < EZHA 0.0542 0.0316 0.0520
B 1.1019 0.9159 1.1395 < =|EH gk 1.1448 1.0530 1.1272
BB 0.9043 0.8497 0.9303 > BN 0.9411 0.9474 0.9242

AU, = AR

Aol weba, gekal grol et gloelw, oEAS wels] Az Fol
& Aolth. olol vk BAE 2% 242 oA AAsan, ¥ AL Fa ol
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DMUSE =3 mpI9} MLPI H|
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1. A AIEGYE Hd A RS 524 B4 A3

<E 5-9>+= 2008~20139d &<t F 7HA A= HE 2w AAEE H
A 2 O A FAAEY $HAAS AA] flste] HEF S

H F FHo| H8&d 4+ 9= Wilcoxon? =93 #AAAIRE A
g3k ot} waka B AFdAE MPISH MLPIC] A3 HwE 98] E&4
ARES] =9 Ao] o5 AT =AY A A, ZEAIR g
AT EE S BT folshA @Al vEhY SAITA o2 ov] gl WE A}

B = sEA ol EAT ot
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<3 5-9> AAEE H4 MPI, MLPI 5284 2443

-y MTECI MTCI MPECI MSECI MPI
- MLTECI MLTCI MLPECI MLSECI MLPI
Mann-Whitney2| U 10.000 12.000 8.000 7.000 10.000
Wilcoxone| W 25.000 27.000 23.000 22.000 25.000
Z -.522 -.104 —-.940 -1.149 -.522
AL FO|EE(USF) .602 917 347 .251 .602
ot RolEE(AE) .690 1.000 421 .310 .690
Fafot Rol&E(EE) .345 .500 .210 .155 .345

2. 79 EA B g 24 B7 AMY A5 534 B4 A7

<E 5-10>& 2008~2013d &< F 7 A= tE aFie] A=Y
OMU®) B 9 7 7482 F4059) $442 AA3) 95t
MEg BAZ MG SYE R g 4

4 Ads A Aotk «AF A

&% 4 A= Wilcoxon®] =37
W, ZEAZ i Ao S E
& MTECI-MLTECI, MTCI-MLTCI, MSECI-MLSECIZ7} 1%lA ]2
2 el MPECI-MLPECI, MPI-MLPIE 2] o]#] &A vl
o] 71zt &t =% a8 Aol ALY AF Aol el AT L

= ou = WL glenw o] &g sdets made] A I

i

N

<E 5-10> =8 =A] 2 7|e} ZA] 3 MPI, MLPI 524 #2443}
S MTECI MTCI MPECI MSECI MPI
= MLTECI MLTCI MLPECI MLSECI MLPI
Mann-Whitney2| U 59.500 .000 139.000 51.000 115.000
Wilcoxon2| W 212.500 153.000 292.000 204.000 268.000
Z —-2.936 -5.023 -.195 -3.262 -1.016
DAL Fo|=HE(HE) L003*** 000 *** .845 00T *** .310
Helst FolEE(¢S) L003*** 000 *** .861 00T *** .318
M5t fo|2E(BEE) L0071 *x* 000 *** 431 L000* ** .159
***p<(),01
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=
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=
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<E 5-11> F8 =4 2 7]ek =A19] PM10%} NOx 21& 4o
(che] = ek )
= 2008 2009 2010 2011 212 2013 =y
&= 146452705 | 20474914 | 8010031.4 | 45126068 | 20626005 | 37821278 | 5:843,366.2
MEA| 0.0 101,538.4 82,765.5 0.0 15,616.8 284,3%9.5 80,720.0
LA 1,327,070.1 266,738.2 494.941.2 482,617.7 324,018.9 561,8%6.2 576,213.7
EHTA 0.0 19,79.3 31,0259 118,887.4 0.0 43,3%5.4 36,518.0
SIEA| 385,242.5 0.0 0.0 59,952.9 50,980.8 94,034.9 98,368.5
A 85,630.5 40,224.2 168,290.1 10,038.9 0.0 30,8433 55,672.7
EHEIA| 0.0 0.0 0.0 0.0 0.0 0.0 0.0
gl 0.0 0.0 0.0 0.0 0.0 0.0 0.0
= 2,128,834.6 444,406 | 21675839 | 1,6122368 | 1,182,781.1 1,883,641.5 | 1,669,927.9
e 647,144.7 0.0 0.0 0.0 0.0 0.0 107,857.5
=T 0.0 204,936.7 840,631.3 364,904.1 0.0 0.0 235,078.7
ST | 14591199 391,524.9 791,828.6 303,227.9 260,066.4 777,003.2 663,795.1
] 523,326.0 983,172.1 720,102.3 425,507.4 690,176.6 | 1,251,177.5 765,577.0
] = 228,139.5 137,410.8 282,032.3 311,266.0 131,058.6 316,114.5 234,337.0
dUss 0.0 0.0 106,658.9 299,9%6.5 1,289.8 66,985.9 79,1852
ST 722,638.3 576,247.0 962,630.0 689,546.0 390,104.3 772,014.9 685,530.1
HEE 288,534.4 77,089.8 177,40.0 148,146.2 186,738.5 253,086.0 188,502.3
2zl 230409509 | 5290,643.3 | 14,825,985 | 9338,933.7 | 5295,49%2.4 | 101257206 | 11,319,619.9
ey 1,365,350.6 311,214.3 872,115.9 549,349.0 311,406 535,630.6 665,850.0
HEHR | 3,500,877.0 521,1489 | 1,922,046.8 | 1,094,697.6 561,137.2 973,524.0 | 1,401,097.2
E|& 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Z|th 146452795 | 20474914 | 8010031.4 | 45126068 | 20626005 | 3,782,127.8 | 5843,366.2
2. A2aA3E 173 AdEEdd
<E 5-12>0lA Wiz wheh o] AAabskEel A4 471 Sk A 6
d oy AEEAdd e 123 6,3939 A, =AIEA 7,4409 oAtk
EAA AbEEA e Aastedt vARAE sl s -9
Hl 2k s WelFolth 5 2008~2009d 243 6,583 elA 5%
9,8209] o= AA AL, 200849, 2010~2013d Z47]:=sk 2009+
Adepmigleh 24713 63 g AbsEdde] 7P 2 Als A s
091 A= tiaA ek &b Sl
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o5 Mitste] T8 =AM Hf AEEHANS AHRY, BV F
B AbEEd el 7H F EAlE FAMAR 576894 o]al, 1 thgo = <l
AR, AEA], AL, A S0 2 YERTE

sk, 7|EF EAERE 34 AEEA NS AF A, 2A7)7E 5 Hat A=
o] 7V & TAlE AVIER 13X 7,193% Holal, 11 thHo R MR, A
L, SRR, e, AR, doaE, AFE, AEEE o8 YEET

<G 5-12> 8 =4 B 7] EAJS] NOx AtEdEd
(ehg] = awk <D)

T= 2008 2009 2010 2011 2012 2013 T
&= 15,632,928.1 2,572880.7 | 89980387 | 45266315 | 30786194 | 42546527 | 6,510,621.8
MEA| 0.0 101,427.4 82,638.5 00 15,772.6 284517.2 80,725.9
AR 1,327,541.2 266,667.9 494,666.6 482,4%6.2 327,233.4 562,764.3 576,838.3
oA 21,9479 23,478.3 63,533.4 173,235.1 3212.0 49,285.9 56,782.1
Q| 390,719.1 0.0 0.0 60,020.9 50,080.5 103,749.3 100,773.3
Z5A 86,642.8 40,374.1 168,377.5 10,220.7 0.0 40,064.7 56,780.0
A 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S| 0.0 0.0 0.0 0.0 0.0 0.0 0.0
= 2,867,689.5 dor 4414 | 22328076 | 16110137 | 12305295 | 1906998 | 1,719.364.6
2R 647,165.8 0.0 658,482.2 745,261.9 0.0 875,497.5 487,734.6
== 460,9%.6 335,047.0 | 1,063247.6 522,563.5 0.0 0.0 396,975.6
8= 1,461,348.3 390,920.3 791,3%.0 303,610.2 259,0139 777,551.8 663,973.3
s 523,309.7 982,752.1 720,948.1 424,694.9 6909216 | 1,250,826.9 765,575.5
TelEE 2282432 147,550.6 293,998.4 362,162.4 159,984.8 316,419.3 251,331
ZeET 0.0 0.0 181,042.6 398,234.1 2,184.3 78,6%6.6 110,026.3
ZesT 722,401.6 576,573.6 963,118.9 688,643.6 390,627.5 769,960.2 685,220.9
NEE 288,446.5 76,998.3 1774171 148,242.7 186,654.6 253,163.0 188,487.0
241 24,668,370.3 | 5982,097.6 | 16,87/9,412.3 | 10,457,061.4 | 63948339 | 11,524149.2 | 12,649,322.3
g 1,450,492.9 351,888.1 992,906.6 615,121.3 376,166.7 677,891.1 744,077.8
HEERL | 37288237 63283%.1 | 21397752 | 1,0841724 768,680.5 | 1,061,777.6 | 1,546989.6
A 0.0 0.0 0.0 00 0.0 0.0 0.0
Z[CH 15,632,928.1 2,572860.7 | 89980387 | 45266315 | 30786194 | 42546627 | 6510,621.8
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3. Al A a3 AESEAA

<GE 5-13>0l4 K= upe} o] EA 73 o mAl HA 6 Ha AbEE
Aol - 16% 5,4839 Holar, At 9,734

AAE 7P R As R, 2008~2009W 25% 1
o oz 74k, 2012d7b4] 10% 4,5469 oz 743k 5 20139
16% 7,687¢ 9oz Fristal ot HA=& AQstal 8 EAYE Ho A=
&2 20084, 2010~2013 A71%=¢F 2009 A e}E =)

<E 5-13> F8 =A 2 g A9 PM10 AEEA A

(che] @ omRk <)
T 2008 2009 2010 2011 2012 2013 s
&= 146416724 | 62141126 | 121258205 | 10,040,4539 | 7,06,4786 | 10,375,852.6 | 10,082,400.1
MEA| 0.0 99,609.7 82,6385 0.0 39,7035 136,633.6 59,580.9
FAR| 966,432.7 156,49.4 368,464.9 333,480.5 99,848.1 296,49.7 366,532.6
Al 16,650.1 0.0 28,9871 60,971.0 0.0 0.0 17,768.0
QI 385,773.3 0.0 0.0 177,485.9 223,693.1 345,400.2 188,721.9
ZFA| 86,642.8 40,3741 127,018.8 10,220.7 0.0 40,064.7 50,863.5
A 0.0 0.0 0.0 0.0 0.0 0.0 0.0
St 0.0 0.0 0.0 0.0 0.0 0.0 0.0
gl 2,127,665.6 9118109 | 2582240 | 23968740 | 1,180,4498 | 18348254 | 1946641.6
Fare 633,683.1 0.0 0.0 0.0 0.0 0.0 106,613.9
== 688,903.6 204,061.2 994,8%6.0 366,107.4 0.0 0.0 375,689.7

SHET 1,618,944.7 625,472.5 | 1,013,636.1 935,012.0 287,7193.2 813912.2 882,461.8
e 1,696,388.5 | 1,266,784.5 775,565.4 851,166.7 | 1,111,737.9 | 1,738686.0 | 1,223388.2

e 343,791.3 52,336.3 289,156.1 445,738.3 60,576.8 207,366.2 233,160.8
ZEs 40,554.5 0.0 216,147.2 556,154.6 7,645.0 66,330.0 157,806.2
ZaEE 1,458,507.4 569,790.4 893,158.7 759,273.7 274,495.0 806,708.4 793,488.9

M 90,563.7 0.0 90,294.8 75,863.8 72,191.4 58,548.0 64,577.0

2l 25,284,173.8 | 10,139,841.6 | 19,634,008.0 | 17,008,742.5 | 10,454,612.3 | 16,768,746.0 | 16,548,354.0
foray 1,487,304.3 536,461.3 | 1,154941.6 | 1,000514.3 614,977.2 986,3%.8 973,432.6
BEEEAL | 34783582 | 1,4%58129 | 29019763 | 24045236 | 1,710,058.1 2,491,022.9 | 2,406,406.0
4~ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
al 14,641,672.4 | 62141126 | 12,125,820.5 | 10,040,45639 | 7,06,478.6 | 10,375,862.6 | 10,082,400.1

Z=|
Z=|
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I

B2

AR, 2008~2013E ZE 7|7 ZoF ujAH A 2
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o

9

]

S
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=,
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=T

F

-

5-14>
A

Ho=2 Haul

-
st

4. AA

o

<

|

7
o A

A A7) ¥l

1

;OH
o
<
4
;AE

<

] o

A

5-14> PM103 NOx9]

<3

o
!
=

o
16,548,354.0

4

o

973,432.6

1264932.3

744,077.8

a1, 20094,

¥k

2013
16,768,746.0
986,3%6.8
11,524,149.2
677,891.1
s

2012
10,454,612.3
614,977.2

6,34,8339

376,166.7

&9 2717}

2011
17,008,742.5

T

1,000,514.3
[e)

10,457,061.4
615,121.3

IS
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2010

19,634,008.0
1,1564,941.6

16,87/9,412.3

992,906.6

2009

5%6,461.3
59,0976
351,888.1

10,130,841 6
20084, 2010~2011

o

T

[e)
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5t
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S

25,284,173.8

1,487,304.3

24,658,3/9.3
1,490,42.9
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20130 = AsbslEo] 189, 1,4899 9 Zlow, 2012 wAHA| 7}
2399 9 How, AAI Fo AaAsIE e AlEEAd Hto] 2119 Y
=4 vebsth F2k2 2008~2013%
=A Utk s Gyt
W, 2012, 20136l AAAkstE & dle], 2009~2011del wAHA] =4
dol O A yskth mAUA L abEEA it 22729 A 9 E=A Ug
thoD ZAAdEE 2009~20104, 201240 AAaAkstE £adle] 20084,
A ugkeh mAA AL s

\&} CJO
(L

_|_4

N

=~

offt

rO

X,

_1%

2011, 2013 wAHA] E&Ado] o
Hit 1,0829 4 o =4 vk
wEbA, guEl 47) A EAES AR Aal FQ =AQl Akl S

"

oo AryslEe Foltd R A, JE A AVEe AgdE:
AAEAE Zolt B Rwol Atk AL o & v 2y wA AAAS

= EAA e o] o AU AHgsieit

¥ 5-15> 470 A %9 PM103% NOxo| Ab&FE4o g7]) vl
(9] - Rk 9D

T 2008 2009 2010 2011 2012 2013 ot
s PMI0 0.0 99,609.7 82,638.5 0.0 39,703.5 | 135,533.6 59,580.9
Nox 0.0 | 101,427.4 82,638.5 0.0 15,772.6 | 284,517.2 80,725.9

PMIO | 955,432.7 | 155,499.4 | 358,464.9 | 333,450.5 99,848.1 | 296,499.7 | 366,532.6

2
Nox 1,327,541.2 206,667.9 494,666.6 482,456.2 327,233.4 562,764.3 576,888.3
W= PMIO | 2,727,665.6 911,810.9 | 256782240 | 23968740 | 1,180,449.8 | 1,884,825.4 | 1,946,641.6

Nox | 2,867,689.5 467,447.4 | 2,232507.6 | 1,611,013.7 | 1,230,529.5 | 1,906,999.8 | 1,719,364.6
AN PMIO | 1,458,507.4 569,790.4 893,158.7 759,273.7 274,49%.0 806,708.4 793,488.9
=2 Nox 722,401.6 576,573.6 963,118.9 688,643.6 390,627.5 769,960.2 685,220.9

50) 20139 AAl AN e] deds R 7Rt 37 %%%{/\]’%91 CleanSYS HH%"W Z7} Xﬂ
24 A2 AR A ING AHH 27 &
20134 di71edEd wiEd, THEd ekl

51) A=Y da Fie] FoE AR s}, 1Addm

Fo| 78 T7F 8910® YERdE. 20139 7L

7]
e

g —
e ot
)
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A5E FRAe] P15

ko] A3 3™dA] 7]&=gk upel o], RG] HItol| ojA] qFEFH|F
7HNon Increasing Return to Scale : NIRS) 7|&a&S&A 3} 2 7PH(VRS)

76 Badol BAPA oRE Aleh AT 5 rk ek NIRSSH VRS
7b g2 719 FEFAASIRS), god RS AZHDRS) ol I Gf
Bl EH(CRS) 714 714 a8A Y dESFA7PHVRS) 714 714 a84]

o] o JFEFIEH(CRS)Z H 7))
<E 5-16>, <X 5-17>< 67k 0 TAHE
T H3E Yeha ok 94, AEAIRAS A
S Ke)

Yo, FEASA HolA 0.972% <F 3%°] HlagAdo] wasle] HAAHA &
49 HEE A e AR RAFY TAEE AWRY, 35 Od, &
2 AFEE AR LA S OgR EAsE A2 e B 5
5, ZE AR AE FAlY 2u2 SUMATIE A9=E, A 3EE HA5HY
BE 1S YA o & o] AAdsiobA Aakeke Ak 2uj2 S}

A E 2009~2010S ASlskar Frp) Az el Uk o1 vre] A

< AA 713 B arE Azt el itk A om g, o, &t Al

) 91 et o), el g AR 249 W A el FAuE SR &
Srhn # AQA ohJE FREAF E A $AZE Yk B AQA wet Zielejs] ®

w
o] GebA7] wEe] R0 B1E Bo B nE A9,
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55 A9t YA TAE2 ATEIE S wek @8]E A W 9
AEARANAZE B Al 5 A9de] vlaso] A Rl tigk F=¢]o] A
ZHDRS)o. &2 H7 E L Q). & FE9] M7 A|(Diseconomics of Scale)”} &4
sioh, mpeba] ZAPE AEAZRGY A4 72 24 S adE B wsit)h
<& 5-16> Tt B7F W3}
T 2008-2009 2009-2010 2010-2011 2011-2012 2012-2013
M= DRS DRS DRS DRS DRS
ME2A| DRS DRS CRS DRS DRS
A DRS DRS CRS DRS DRS
CH2A DRS DRS DRS DRS DRS
OIMA| DRS CRS DRS DRS DRS
A CRS CRS CRS CRS CRS
CHAA| CRS CRS CRS CRS CRS
SLH CRS CRS CRS CRS CRS
27 |= DRS DRS DRS DRS DRS
P DRS DRS DRS DRS DRS
SHET DRS DRS DRS DRS DRS
ST DRS DRS DRS DRS DRS
M2IEE DRS DRS DRS DRS DRS
Mepts DRS DRS DRS DRS DRS
PEIN DRS DRS DRS DRS DRS
PEON DRS DRS DRS DRS DRS
Mz CRS CRS CRS CRS CRS
20082013
= CCR BCE SE NIRS el
MEAN 0.985 1.013 0.972 1.013 DRS
S.D 0.200 0.164 0.124 0.164 DRS
MN 0.539 0.539 0.728 0.539 CRS : 2371
MAX 1.624 1.603 1.249 1.603 DRS : 6271
<E 5-17> R 34 He
= 2008-2009 2009-2010 2010-2011 2011-2012 2012-2013
IRS 0 0 0 0 0
CRS 4 5 6 4 4
DRS 13 12 11 13 13
0 0 0 0 0
% 0.2 0.3 0.4 0.2 0.2
0.8 0.7 0.6 0.8 0.8
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, HAEAIE aEskA S A$ 2008~2013d #A717F E]te
MPI&= 1 7|8} +to] 0.9988% FHE o] HAAoR 1% Fro A4
sgEol zad % W3k A5 MTCIE 1.0356% F
AEo] AFEAx

o] 3.5% A= FFH] mEAoINeH, V&= mEA st A9 MTECI=
0.9537= YElY 5% A= stgowm Fad8A4S UEWo FToagid
atehe] Qdlo] Zashvnt Vg & HE oA HAASS & 5 3
o}, T3, MTECI® HHE= o]zle] F44#30 MSECIZF 0.9642% 4% A=
stehsla, MPECIZF 1.00022 A9 W% gl Aoz FA5 0] MSECI ¢

k)
o
fru
M
1
i
32
o (L
~N
i

A =E(DMUR) HaAAAE A9 823 2008~2013 Atolel 7hH
o AMAY F4e BHoFE DMUE MSAIZ dAdd 13.9%9 A4k
Ao 2 Vel HhH 7Fg vk Ao sEs HoE
DMU+= e 7%9 Bid9 stebs 72 Ao =2 yetstth AlF-4
2 Ay EH, A=S MTECI, MSECIZF =& &40l MTCI, MPECI &%

HN

_L4

o]t} o] &= MTCI 4.7% 3Fo] MSECI® 4.4% 3sl&S AAste] 84
A mEAo] 7| AHE ZYHASS & = At ASEEA

I

= MTECI 1.1019, MTCI 1.0341, MPECI 1.0912, MSEEI 1.0098% X
agror FAHAEY o]F MTECI, MPECI, MSECI7} && 4 vt
Yek HYE 2ol DUM Sl 7 & T84 ghs A8ttt
uhH o] AFEEE MTECIZE 0.9043, MPECI 0.9592, MSECI 0.9428% R%

F&74, MTCI7} 1.0288% &&4o® FAHYE=d o]F MSECI 93k
o8 MTECIZF HEgks ®Elol wel #4014 DMU 7hedl 7Fg @

o
RS

‘e

O
-
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W i A 5ol 2AHZAT MLPIASGE 1 7189 7o) 1.02492 4
o] g&Hor BEANY. 7|E& &84 W3¢ MLTECIE 1.0152%

Ao 2 Vel WHHe 7R vk AR o] shEhs HoE
DMU= Bd=E= 7.5%9 Ade s&ts 7 A= et A+
Mo Aury, A MLPECIZF 12 #Wa7h ¢19lal MLSECIZ) H4$:%t
0.9578% uel} MLTECIZF 0.9578% 4.2% 3t&g Ho Fo Hakgde

3.9% HRZEAT. ASAE= MLTECIY EE ARESo =a&do|9a
MLTCIZF 1.0530 HH#S Ho ALMMELS 3.7% FHJY. SHEE=E
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