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EXECUTIVE SUMMARY

Policy Development for
Efficiency Improvement of
Domestic Passenger Shipping in Korea

Tae-1l Kim ‘- Seong-Hwa Park - Hee-Young Ryu

1. Purpose

» The purpose of this study is to review general routes of Korea's
coastwise passenger shipping service run by the private sector,
subsidized service routes and quasi-public operating system run
via public financial investment, and then explore improvement

measures.

- Having supplemented the market failure, subsidized service routes
and quasi-public operating system operated by the government
has positive effects, such as securing traffic rights to islanders.
However, these systems need improvements for the following

reasons,

- First, the system for operating subsidized service routes requires
a continued investment from the government, causing an increasing

burden to the government's financial resources.

- Second, with the increasing demand for support by local

Vii



governments, it has been difficult to secure other financial sources
other than the one from the central government, which impose a

heavy burden on policy execution.

- Third, there is a lack of mid-to-ling term forecasts whether these
policies are able to result in a healthy development by properly
correcting the market failure of the domestic passenger shipping

market.

- Fourth, there has been a growing distrust among islanders as
problems such as poor management of ships and crews and
declining services due to private shipping companies’ excessive

pursuit of profits.

- Fifth, reliance on the government's subsidies for shipping operation
can potentially result in frequent cancellation of services according

to the changing demand of passengers.

2. Methodology and Feature

1) Methodology

» This study conducted an in-depth literature review, surveys, AHP

importance analysis and DEA efficiency analysis.

- Literature review provided the present status of Korea's domestic
passenger shipping policies as well as domestic and foreign case
studies. The analysis of domestic and foreign cases was able to
extract implications for policy measures available and applicable

to Korea.

viii



EXECUTIVE SUMMARY

- This study estimated the efficiency of Korea's domestic passenger
shipping routes in Korea through the DEA analysis, based on which
improvement measures were extracted by each service route.
Moreover, subsidized service routes and general routes were
compared and analyzed and the result was connected with

impr ovement measures.

- After analyzing the components of policy measures surrounding
domestic passenger shipping service, this study selected policy
measures through the analysis of literature related to already
implemented policies. Following this, AHP analysis was carried out

to analyze the priority of policy measures.

2) Feature

» Rather than focusing on elaborating an efficiency assessment

attempted by a variety of academic journals, this study

concentrates on suggesting policy measures.

- Major academic journals have been focusing on elaborating the DFA
analysis based on AHP — DEA analysis. However, this study
concentrates on extracting efficiency improvement measures and

exploring policy measures through DEA — AHP analysis.

- In other words, DEA was utilized as an analysis method to seek
policy measures while AHP was used as a tool for analyzing the

priority including that of policy measures.



3. Results

1) Summary

» This study aims to evaluate the government's policy regarding
subsidized service routes and quasi-public operating system which
require support policy as well as subsidies, while presenting more

efficiently policy alternatives.

» Covering policies surrounding Korea's domestic passenger shipping
and their assessment, Chapter 2 delves into the present status
of domestic passenger shipping and relevant policies, while
extrapolating on the assessment and implications of subsidized

service routes and quasi-public operating system.

- Despite the implementation of a variety of domestic passenger
shipping policies together with subsidized service routes and
quasi-public  operating systems, fundamental problems
surrounding coastwise passenger shipping operations have not yet

been solved.

- It is necessary to develop improvement measures capable of
complementing the current system to improve the stability of
passenger transport services. As a result, such improvements will
inevitably lead to the enhancement of residential environments for

islanders while securing the right of mobility for the public.

» Chapter 3 includes a number of foreign case studies as well as

cases of bus transportation, investigating policies in major
countries such as Japan, the US and Norway and the case of bus

transportation as an example of land transportation.



EXECUTIVE SUMMARY

- Considering domestic passenger shipping service as a means of
public transportation, major foreign countries are simultaneously
implementing direct support measures including shipping rates as
well as indirect support such as the construction of ships and the

establishment of terminal facilities.

- Foreign countries are employing an array of strategies for
discounting shipping rates, while improving mobility efficiency by
connecting shipping with land transportation. Both central and local
governments are striking the right balance by actively
implementing polices for supporting domestic passenger shipping

service.

- Through the implementation of both quasi-public and public
operating systems, bus transportation service supports fares to all
citizens with varying degrees of financial support both directly and

indirectly.

Chapter 4 of this study includes the efficiency analysis of domestic
passenger shipping routes. While explaining the concept of the
DEA efficiency analysis, this chapter conducted an analysis
targeting 90 routes (65 general routes and 25 subsidized service

routes), and subsequently presented implications.

- First, this study found a number of inefficient shipping routes in
regards to ship deployment and frequency of operation. Thus, this
study highlights the need for the redesign of shipping route
networks while considering the optimal level of deployment and

frequency of operation.

- Second, out of the 25 subsidized service routes under assessment,

14 routes possessed an efficiency of lower than 50%, which

Xi



accounts for 56% of all subsidized service routes. Hence, there
exists a necessity to provide improvement measures in cases of

high inefficiency in subsidized service routes.

- Third, improvement measures are required for general routes that

continue demonstrating inefficiency.

- Fourth, through the efficiency assessment on both general and
subsidized service routes, a more thorough status research is

required for those evaluated as relatively inefficient routes.
Chapter 5 includes an analysis of policy priority surrounding
domestic passenger shipping service. This chapter analyzed the
importance and priority of improvement measures for domestic

passenger shipping routes, and subsequently presenting a number

of implications

- First, it is necessary to improve the current public tendering
process in which the lowest bidder wins a contract to make the

operational system of subsidized service routes better.

- Second, the government's support is essential for the improvement
of convenient facilities on passenger ships, allowing domestic

passenger ships to serve as a better mode of public transportation.

- Third, there exists a need to expand support regarding shipping
fares targeting the general public, which has been inadequate

compared to other public transportation modes.

Chapter 6 includes the conclusion and a number of policy

suggestions, presenting the results of this study along with

potential policy improvement measures.

- First, a number of specific implementation projects have been

il



EXECUTIVE SUMMARY

suggested and are stated as follows; reviewing the adoption of
public operating system by local governments, improving the
bidding method for subsidized service routes and establishing an
accounting system and expanding the establishment of management

system targeting all shipping routes.

- Second, a number of projects were suggested to improve the
infrastructure and service as follows; surveying transportation
facilities in coastal ports and building a database, expanding
infrastructure for connecting with land transportation modes,
optimizing the network of shipping routes and pushing ahead with

R&D projects on coastwise passenger ships.

- Third, this study proposed measures for expanding support for
shipping fares and improving the fare system as follows; providing
support for shipping fares targeting the general public through
central and local governments, planning research projects for
developing improvement measures for the fare system and

establishing a fare adjustment system.

2) Policy suggestions and relevant activities

» Based on the result of the study, policy suggestions and activities
are stated as below for developing policy surrounding domestic

passenger shipping routes.

- Operational systems of domestic passenger shipping service can
be improved by reviewing the introduction of public operational
system by local governments, improving the bidding system as well
as establishing accounting system and expanding the establishment

of management system encompassing all shipping routes.

xii



- Infrastructures and services can be enhanced by conducting a
survey on transportation facilities in coastal ports and establishing
a database, expanding infrastructure connecting shipping with land
transportation, optimizing the network of passenger shipping routes

and promoting domestic passenger shipping R&D projects.

- The following measures are able to expand support for shipping
rates and improve the fare system; establishing measures for
supporting the shipping rates of ordinary citizens, planning research
projects for preparing measures to improve the fare system and

formulating a fare adjustment system.

3) Expected benefits including policy contribution

» Centering on policy improvement measures extracted by this study
based on the result of efficiency assessment per domestic
passenger shipping routes, this study presented policy measures
and improvement strategies for domestic passenger shipping

service.

- This study contributes to the development of policy surrounding
Korea's domestic passenger shipping service by proposing
effective improvements to existing service routes which has been
operated by highly insufficient general routes run by the private
sector, subsidized service routes and quasi-public operating

system.
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EXECUTIVE SUMMARY

» This study allows for securing the momentum of policy

implementation for improving domestic passenger shipping service

as the results of this study can be reflected to the Basic Plan
for Public Transportation scheduled to be established in 2021.
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2017 88.3 0.8
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= k= ARt == oE Mk~
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oJat0 24 2016 395 541 1,108
X752 AL 2017 397 547 1,129
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= 540124 2016 6 8 8
wigehe o : ; :
2019 6 8 7
2015 543 1,166 1,095
O{ZE 7| 2016 5b4 1,183 1,107
Z 2017 560 1,226 1,109
I
2018 569 1,242 1,121
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2015 950 1,720 2,226
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A 2017 963 1,781 2,246
2018 965 1,798 2,221
2019 972 1,806 2,238
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Etg ztg
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Washington State Ferries, North Carolina Ferry System

The Steamship Authority

22) Bridgeport & Port Jefferson Model
23) PPP(Public- Private Partnership)
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I 3-12) Washington State Ferries®| 2% &gt

QUHI5I5H2019H 7|F) IES2H2017H 7|F)

= MALHE = MALHE
Mef 2 208 HAZHZ oAt $ 770,500,000
BlOlg 2074 A et $ 130,600,000
&2 1074 4| B0l $ 127,400,000
HZtoUE A& 9F 23702t & 23| $ 236,050,000
A7t xHsS HA 2F 17,0482t A4t $ 174,921,654
o7t a5|8e | o 168t 333 EE! $39,476,079
7HEH| $ 13,791,061

Xt=: 4R4:(2017), p. 104; Washington State Ferries EHO0|X|(ZA4: 2020. 5. 20)2] X=E
HIEC 2 XX} A

]
T glom, ¥ 2000 YASte] HEags AAcHs 78S 9
T TIAA - 1E S EB2no] Tt

o e Q1 RISl omrte HRAE A2 sigAt, Aol
?l. H4WE, Multi-Ride Commuter Card 10 Ride £&-8-AF, WSF
Monthly Pass 31 Ride(€7F #l2] siA 71E) ARAE FLEHT

H 3-13) Washington State Ferries &= 2!

2ol | ke oy
= ) goig |l
asrol 9.0 - -
OIRTIE AKX,
o st mopel | 450 50% -
HAal 450 50% -

26) Certificate of Public Convenience and Necessity as provided in Chapter 81.84 RCW
and Chapter 480-51 WAC
27) The Washington State Utilities and Transportation Commission (WSUTC)
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ZH20|  QIHIROI [YH
o 04—|$) = 6Ero|%H | H|T
l\/IuIt|—R|dj g%rigr;uter Card 73.40 20% _
) i SHEh L A0 313 Y&
M2l A FtE 117.45 E EAHM 7+s35tH
. . = o o
(WSF Monthly Pass 31 Ride) 20%FE &l S8 TR} Bl0I2 =7}

Az: Z24(2017), p. 104; Washington State Ferries SH|0|X|[(ZM: 2020. 5. 20)2| (22
HEo= XX} R

3) Golden Gate Ferry
Golden Gate Ferry= Golden Gate Bridge, Highway and Transportation

Districtoll A 295kl 9lom, 67]2] X2 A 2804 A3t F-5HU
O F, Golden Gate Ferry @] Bridge Division¥} Bus Divisiong <%

skal Qlt}. Golden Gate FerryQ] &A1 &

Apibe o] gstel AHAoR e 295

g5 o] Hagt

QIHIZIEH2019W 7|Z) THESEH2017H 7|=)
= AMILE N SHILHE
Mt 4 8% 12t & oflt $57,015,900
Rps Met $ 27,000,000
=SS J
D) 4 24| BOlZ  $45000,000
) £ 29H| $ 36,715,900
St
g2 3 Mt $ 13,000,000
EHOolg
CI7t oA AR o pa7RI 7!; i 2500000
(=} ) ’

X2 Z24(2017), p. 105; Washington State Ferries SH0|X[(ZAL: 2020. 5. 20)°| X(I2E
HIZIO 2 XK} K7Ly

28) The City and County of San Francisco, Marin, Sonoma, and Del Norte counties, most
of Napa County, and part of Mendocino County.
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20179 71, & 7Avlo] g SU3]5 v]Eo] 44% o2 F
HE7F & Au9] Fylo] Y Aegg Bt BRF AgoR
mmittees?} 197 2] Board of Director”} ©f o

Co
it ] %?Jéél AdgS AFol&rda & B AFY 22

o H2-Q] &9l F7+= Clipper Cards((E71E) R4 Y=m7tE B
A, A2 SHFAHG5A] ©14d), Aol]l. FAEGA] ©l/4 184 1
oh e g 34 FEEI Ut

st2 T2 a22($) ols
Qldto| (19~64A1|) 13.50 -
) ORIt HRA/AZ LM st
SaFusallto /OfOHO._I/gA'ﬂ 6.75 0%
o 0f210](4x] 013D 0 100%
Clipper Cards(WE7t=) ARt 7.25 33~49%
QIEOI(19~64A)) 13.00 -
O|R7IE HRA/HAZ L olfiEX
Larkspur =t /x:oTHoY/ﬂA_u; oSt 6.50 50%
Fel’ o /oL
i 0{210](4X] 013D 0 100%
Clipper Cards(ul S71=) AR} 8.25 33~49%

Xtz: 424:(2017), p. 105; Washington State Ferries SHO|X|(ZA42: 2020. 5. 20)2| Xz2
HIZO = XXt X714

4) New York Waterway

New York Waterway= -84 529, 78 FA X FUFARO), 1+
8] AARLREBD S 2 AR D 17 A7 U AEAAL

29) New York City Department of Transportation
30) Port Authority of New York and New Jersey
31) New York City Economic Development Corporation
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o gorg AFsl 3

%l
a1 s olAgsAAg AT Ack

H 3-16) New York Waterway?| 2% 515}

(20194 7IF) THE32K20174 7|%)

= MAILHE T MALHE
SEIES 344
SEP 1774 Gzt & Offat $ 33,100,000

ST (SXRI0M, %2 77H)
=2 2374 .
£ 29H
OIZHOI4AS MH 8500008 S2a6 $21,400,000

A= 424(2017), p. 106; Washington State Ferries SH[0|X|(ZA: 2020. 5. 20)2 XA12S
FHO2 XAt M-

20179 71E, U3 ¥E2 & BYY 100% TFS HERT
o2 I AU FFHE AHEY 624 oY A& 2, HId 5
Ad, gubs, shulA o2 FE5te] AUkl Sl

2 0{Z422U($) E“gﬂ% lind
dorz 21.50 - -
A2 (62M| 0]4) 17.75 18% -
O{210](11M| 0I5} 22 100% -
&4 108 207.50 7% -
&4 403 645.00 25% -
ULl SHEIA 635.00 63% -
z|t} 628 54 7|1E
SH SIEHTHA 480.00 64% - &M312 met

Xt&E: 424(2017), p. 106; Washington State Ferries SH|0|X|[(ZHA4: 2020. 5. 20)2] Xt=2E
HIZO = XX} Ri714)
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3. EHI0] At

L2909 A HWFAALLESFZE =71 8 A2 =2 I
sto] JEAE AlPstar Qlct.32)

L29o] AHE= 38 AR thgh J&F AKPRA: National
Public Roads Administration)s =3 RIZFAARRA QEr
713l Qow RXpA|Q}F A9 WF &)
i3] J& Aok AAG 29o] FxE2Ho] (tAEEet A
Au= LA Hejoh YA R HekE Habsta ot

A Al(ferry) 30032 tiEE 1 =
F8 ZFAZZE(trunk road system)@Z 7HFHTh AAES d2E S

2 A9 @9 FRES SAHoR i

L
r>~
5
N
=
Mo
L 0-?1':
ol
2
g
_);1_1‘
H1
r>~

PRAE= YA 5ol st 7| BAF &4, MeAt 5 27t 1
ol oJet 7133 AMdA 2F AA 5 39AY IS ARA Eot

wEgjo] FRERHL 199097HAE AAjolA] BEFS AR
O

w2glo] B4 ol2e5o 402 Veolia 5 22 2%
= ol Folsjol ANEA 7 5L Tefete] 5~6d9) F7
Aok AFsted WAMAES) AL FAE HFHOR f1

£ 4 Atk A2 B8 AP} ARAS SEs |

32) Baird and Wilmnmeier(2011), p. 10.
33) UEA| MAL IV 5 71HAQA(35%), A2t L OfjH|ME0] MEH(35%), HIAA| CHAY, BHAHES S
AMHIA 2=Z2(30%).
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S, AAE ol TR gutd oz 23]9] & A% AZY 5
A

olefst 2 gole] YWPAL Auao WA A4 At At
ol Ao BHET B3 A% A F BEFol

Z71EE RS S Sui Uil 22 2579 4%
o FelFozH Aol AAMT Aulso] A AML EH%h
o 9let

H2E HARS AR 24

o AER LA O B AAAEL SAYS B
2 olgsti El9le] 400 theste] oS AT A HoIA The
FEMA S0 olFAL AFAE delshz At 549 53t
A2 915 ol28 AEAe] ARA0t AL ABHE AR L olo]
Sl Agloz, MAL ol SgH

w4l O ARER SHAS ol AREA LA EAHH) A3
% ol AAEA £EAgel Eel el AL, SolEH, o
B, AYHAR BRE 4 Utk

_:

0

34) ZIEHY - 8iM5K2018), p. 13.
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e
Kio

wﬁ

80
Ho

Xz B 9(2013), p. 157

HATFA = AR A A}

ol
B

AgAd

AN
=R,

ez =G4 ofRo] o3

s
% 9l

A
o]

g AAl= o
Ao gt
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=
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H3Y ool & HARS At 24

== =g ZGH| 2IQI3|AL SEH|
e SE ™o N T St TQ
i oojo| HESM E7} It o1 Al= = =
L] —o— 2FS S o oo H|§_OA-I erH
ZP xx g oisEoofgg TC o ©
Lo Z=TE
e s St RNl HETEBA
INE A2 5 WE=7 TEHAZIAL M2A| X|5HE 2 EA|EZZA}
S EH|0F H1E HEWSTA} °r cTTTe

Xt 2R 21(2013), p. 159

3) HA AlE I 2 g

e

A= A AE 20199 715 36570 A, 7,4907 =4, 35,193
7t &3 Fo]1, FolE&HAE 867 AA, 540170 A1, 1,881H]
7} &8 FolH, uSH AL 118871 Alo] &9 59l Ao UE
ok, 2Eu A 23t QA = o2 FEst BARETE F
Asto] npotstr] of AFolrt

(B 3-20) ALE X% L BA 28 $15H20195)
2L 7o, km, km/=M
AlLHEA SO|EHA TETTN

2 ooH D6 M M AT Ol PR M M LME LM M LM
2o 2 om AF 2 O & om om 4 oy oy

2
Z= 365 35,1937,490209377 28 86 1831540195114 22.96 1,183 9,159 8.69
Mg 65 7405 361 16337 425 - - - - - 237 1992 841
HAN 33 2511 133 5904 444 - - - - - 13 - -
Of 26 1,521 110 5273 479 - - - - - - - -
oI 42 2361 209 8359 40 - - 29 1530 5276 - - -
ZZ 10 1,041 94 4256 463 - - - - - 6 205 3423
th& 13 1016 91 3713 408 - - - - - - - -
S 8 746 123 5372 437 - - - - - 15 401 2673
N&s - - 75 182 % - - - - - - - -

Z7] 61 10,9532,144 57,449 268 3 123 166 6,124 36.89 531 5461 10.28
¥ 10 562 404 8170 202 14 206 423 7,042 16.65 20 181  9.05
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AlLAEA SOIZEHA IETTIN

TE YA B8 M YR B i ke MR e Y

2O 4 o oE & O 4 o 9F 4 om o
=5 10 58 343 7399 21.6 7 191 453 17,374 3835 23 - -
=Y 12 1,148 813 21,473 264 7 | 247 584 154352643 17 - -
M= 13 854 707 13,985 19.8 5 147 584 14541 249 24 196 8.18
™M 11 722 304 110,142 334 30 515 1,02212,668 12.39 5 8 1.6
A2 15 1,212 972 21,741 224 11 247 467 9,822 21.03 1 9 8.7
a4 27 1,752 591 18360 31.1 9 205 414 10,588 2558 39 619 15.88
MzE 9 804 16 574 39 - - - - - 2 87 43.25
F I old M= QS

St

AR SR EEH =It IFEWS DB(ZAY: 2020. 7. 1), MZHARSAIYEEICIES((2020. 7.
21)2 M=E HIZOZ XA} 2y

FIEHAE A 117 A7 A5, 20770 A4, 2,008 7}

H 3-21) NEE XY 7H HA 23 $12H2019H) ctol: 7K, o
A|QJEHA TAHA
=y Mot
oot | 2 | =2 | T || e | R =4 ET
O T S
(km) (km)
72 7,334 7,078 2,037 282.09 1 2034 2,008 207 @ 486.55
16 1,933 1,945 380 319.12 935 933 189 | 465.19
7 714 704 295  251.79 95 96 14 505.99
5 479 44 85 248 83 79 13 238.23
5 855 818 240 284.56 64 64 - -
5 439 440 196 @ 457.26 @ - - - - -
6

558 540 102 24233 1 627 612 88 | 53547

et
g

N N N S L RN

I opy opp 0N oY X
oL fr of Ho ro N HJ
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A|QIHA TEHA
Mg (AR~
_ _ _ A — o _ _ _ A hilrs]
T2 o e AT o mF oM B A S w3
S O O g PR 2 Oe o G eupi

(km) (km)
22 7 775 775 178 44674 1 47 42 - -
a5 20 1,560 1,394 526 177.37 1 183 182 63 529.23
HE 1 21 21 35 72.65 - - - - -
7o Y NE Y

N2 HIASSMYEINIL|2020. 7. 21)2) RS HIHOR MK Xty

&}

4) HAZERY A HATEXZ

rot

AEHERO] HL, VEEE WAHEAZAPIZ AA5} Xy
QA TANA 5 21A17HA] QAHCS} St g 7t -5
U2 QA TAOA 2% 21A7HA] AERAICS} shatial Ht £7¢

oA HAHEXNEE &95}1 9t

H 3-22) N2 HAYEY A HATEXZ $424(2019H)

+2l: 74, km
HAYEY HATEAIZ
T HA M EAEEAAY FCROY HANMEAZ  H3E
HAYEY Rl == ) E(B) (C=B/Ax100)
M= 125,677 22,153 110,714 715.0 0.65
Mg 6240 4,506 8,273 212.8 2.57
26,778 1,163 3,372 44.6 1.32
o 3154 1,174 2,867 117.8 4.1

A
S

36) DEE20M HEUSHHR! AN SHRLMTS LOI5IE M2 9215 01y SEXSAH &
SRSAN12215 01512 AL, 621 01 SXIH0F S e 3
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HASRY HATERIZ

TE NN MAZ EAESAAY I EEUY HANSNZ w38
HANSY  MADhas (A @B (C=B/AX100)

21 5,634 2,100 3,271 82 2.51
g5 2,330 624 1,859 47.2 2.54
CH 2,240 1,095 2,140 4 3.34
= 3,087 1,209 2,142 0.7 0.03
ME 1,113 419 402 17.5 4.35
471 28876 8,042 14,013 86.5 0.62
4 7,146 513 9,953 0 -
55 6360 914 6,943 0 -
a5 7318 379 7,160 0 -
dE5 8215 672 8,504 10.4 0.12
e 11,847 1,217 10,630 0 -
4= | 13117 1,293 13,324 0 -
49 | 10,931 2,222 12,650 8.3 0.07
Xz 3,621 904 3,211 15.3 0.48

- eI AR BE

Az s uSIH3H =7t tiEWE DB(AMY: 2020. 7. 1)

Jashe A4S By

ol % HEot AR hFLE B JAL YO 2004

@R 27} FolE Lrehfc thil A Holx gl Aol
IEHAE 2007 38¥9E oA 2018 304 T

oAtk A9l A0] AL, VB ook =9 5 AulA AL T o
P BS 7129 AT 201285 A5 AR AGElo] 20179
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EO]LL:. QJ|: 226]%1' ‘% %X]'S‘H%’: ]4» JJ_ZL \;]_/\] /\_:1’_._1—1_._ FFA }EE]_ :]_J_é:_
b0} A|oJui0] 24 UR10ZE ATHG 5839 F71ek KTXO)
ol% YEQI IS & 4 9t

= =7 U

AW A= 20079 4,9898FE oA 2018 5,1808 % o= <1
T 0.3%9] 7HZ HolH A&F 08 4% F7} 505 YERAL QU

AUWHAE AR ZA9] E5FAL TS0 &Y, ShsEl
ONE CARD ALL PASS37) A8, BRT(Bus Rapid Transit)38) ] A|3j
TOo= QIsto] FES F7F FAIE Holil Ut

AAH A= 19939 5 FA|gst Ao ofsf HEANA F=A
T S vt 9low o= Qs MAMA AA o B digTt S
7¥sto] 200397 23] S7HEAE Hoigdth AAHAY 8=
2007 20399E FojlA 20179 34690 O 2 AP 6.5%E w2
T7F& UEHSl oY 20184W0ll= &F fAashs FAIE EHh

I

B 3-23) ORISA2BAIY DEAEH 012 $4 MK
A9 9t o

&= 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Al 5,466 5,559 5,483 5,866 6,048 6,113 6,170 6,168 6,212 5,975 5,894 5,716
n&EHA 38 40 38 38 37 38 3b 3% 34 36 32 30
AlLHE{A 4,989 5,069 5,032 5,366 5,536 5,541 5,563 5,621 5,599 5,342 5,290 5,180
ARIMA 237 242 236 228 222 227 234 232 227 227 226 206
TIMHA 203 208 177 233 2563 307 338 280 352 371 346 300
= ZEUER TIEWEEAAHE (FAM: 2020. 8. 1)

36) K58 WEAAE(TS: Intelligent Transport Systems)TA}, HE, E41, M| 52| 7|&S Wl
Ex”]:“(}" X‘IEA|7| X|—oi _,E )\|AE‘|IO||:|-
37) M=RSEUEIIEE M HA XGHED M= Hr, ISE20)M o H TIEE AR & 4
Q= WEFIE0|CY.
38) it 2 Al= FRTH T 20| HANMEXIZE HX[510] SHHAS 261 Sh= UiEW
SAAY. QFFHAAL SAE-SSEANY-SSEO1E: @EX A S XoFR=S AARSE

HARA0 B3t AC2 'Y 912 KGH 02411 = Bitt.



1) IYxI

B EL 210) 4 71 EAQl WESTOR A $a% o
B skalck el S A S, A1 28R A1)
%87 o] go] FE3HeA o] Qg E FA Bigo] WS ol

21 s S AL AR 89 RS RS ol 2

A 7+ ol F e MAC] ASoE ot NEHE, FELY, 5
87 59| AATESHOE 0§87} APSFAA F8 Zd By
o] MBS, ol NG £ F9 ol HAY A9oE A
oo] A|&4]Ql ATALE QAT o] 8 art AAFEA WA £
a840] Fashn Qe Aol

oo] AR ¥ 25AA AQY AT hFuE Sue) of
8 Ao muste] Fulo) /| EAQl AL WF oW B, &
B SA0) et G SR 9 M e5AA A
qae Sgstact,

T} H20] ol 80T QS B Bl 25U Agolt A
2 50 WS SIESHE Zols TV 2ol AL APEARE Alaict

oA AeEAY B AP WAORE HA4ALS BEF
£ AR, A U0, 24 EARE AUAL 5o
o} oleg AFAUAEE 270l FPER} PRI Bere
of Aotk 20059 o]F EALRAZ EAHWA AU
A7t Adsie gez WA

HALEAGAe] et AL T AER LA o
ERECIE
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ASOEAH Aol HEW F717 AAAE LA T
7} 59 ol Shto] sk AU 4YsHe Ao A5 2ol
Fasity A JEFYOE ok o] wet 1 o A5
Al BT AT ARE BASAL 81T S ek,

(B 3-24) HASBAI] THERIY 231 HE3

X2 2 AT TA| LIS
O XIS 24-AY 8 HI50%E HARSAIY THEX|A
XIS 24-AHH H51E 2-YHe BERAFO A S
O KSR 2-AEE H5122|2 QIIHZZO| XIZHK| 7|F
RS 24AtYH H5122]3 oAFe Xg #HE
O RS At S4-AYE AI52E ZAM ZH

Ri: 271 RHE], ORISR 24MM (ZML: 2020 8. 1)
foj 4Ry #2329 A1 10204 = HA=Aoly 4=9)/4do] ¢l
o

© FACE A7l dE3] &kl AB|AE 4] fiste] B

U=

LS 2 ARAY d52 v 2ol AR ERE 5 T

LANEMUSXEAY 2SRIHA oA 2XE=MSTHA FH| X|H
O Z4Hol| oot SFRILLA| HEX|H

B0 oS Rt xS X1
0148, ZAMIE Moty SOl o7 et HA| 5lE S

>

7HIEEENE, THZXISAT 2A0E H23ZE A18 105 (ZAY: 2020. 8. 1)
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olEist WA 2AZ 5o
j’

A AR Y, HA LA &AEA ZYRA] AR
= LAZEAZTY HATYH XY T STHAE FEEo] AFEL
Qlt} 39
H 3-26) HARE MWHEXZ X &g o o 9 9
Qg :102Ho15 2016 2017
=2 Hs | M Hs| 2 [HES
HALSSAIY WYX R(EAEA) 11,978 65 12,718 69 134562 72
HA| M &4 HA 959 5 922 5 953
SYRIX| HAEX|H 682 530 3 444 2
QUERZ 4588 25 4073 22 3,760 | 20
LAEMSE HATUH| X[ 220 1 124 1 137 1
A 18,427 100 18,416 100 18,745 100

Ria: D7 ISHZE(ZAMY: 2020. 7. 1)

HALEALY AR FRIL G A
FL g0 0178 1F F FA 72% +EOE AAHAL

TPk of 2 %

(B 2-27) HARSAIY THYX[H S1g

&2 2015 2016 2017 I (34)
= 11,978 12,718 13,452 12,716
2| =H(H) 2,086 2,123 2,112 2,107
H|= 24 22 19 22
ZAU(H) 9,892 10,594 11,340 10,609
NG
H|IS 116 108 101 108
A2 ZEWE X2
T 2EWEN AFEHA

1) 24): QHEHFS THTA| 2t o
2) KlgH|: FEDEL YRR

39) k22 2/(2014), p. 19.
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WhA Al W 10,6099 o] AFH A0 o]t HALEA}
3 AYREF A FAY 83.4%S AA e SEolt, dEHRL
2016958 2018970 Fol 93 5SS AT ot A%

Hle A&How 7 24 R

1980t 71A] = 7HRIuBte] BF Ao R Qs WAsHo]
A 7t B AG Y dA5Fo 7P S83 AerHoE
AUch wEbA HA 2JA A AHie dHEoR Fadt 5
< FAsgkTE.
JEM A7HE 5 JHQIE WESTo] Hgo] SHiEy thAI%}
AA W AohE, EAEES Z2 wEpHo] &

Aol 2 o182l RS asA A2, B ol

40) ZEHY-8FY3K2018). p.23
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s o2 Tt 8 He9 ofeg 25 JHAdsh] Al =UE A,

H 3-28) R4t HAZSEM =

- I -=d 28 Wa
s S| E0A s e, Yo 25818 BE5E
o B AROIA A 2
M 20042 - HALRM AER AR 32 M NS Y2 AT AlY
SYHATERZH| AY
HELE Ss2aME Al
TUS SSUE ZSTH AIBAMSAIE A
HEWS FESQaN AR AR} X[6FE 2717t IS A 37128
+UZ SSUE ZSTH ARG SAIE A
O 20062 - HAMEAZ 21 H 2587 EX
HAQL X[olH 7t R S5 Al
TUS SSUE ZSTH AIBAMSAIE A

Cie 20054

BE 2008 - AHAH I 7| Mo Sy 4
BIA-XI5HE OISHIA 7t 22 S8 23 MY
492 BEH ZBYH AYHSAI AN

BA 2007 - LAUNE: AEIZAS S0t LM AR
XloPRmte| SAEOIQFH ST AlR: BIA Of HA B 22
492 BEBH ZBYH AHSAIZ AN

OIF 2000 - LAIHE AA|

HEus SSeRIQaH Al = HSRaXI(2009. 10) FO

Ktz Z42 2/(2013), p.42

41) HAZFZAME IO 51 HA 2 I LAAA 71, HiZnE S5 52 S5eaH AA,
AT UEIIE Y, SYHA TEXUZ £, HAX H HUE T, HARHHZ| A ENS
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= E S
SSH(0F E1IE S WSS, gE 8 Us= =gHA

Hoys o g
o &AL OIR 58 (ERER S
aoj  AIBA XBIE EAEE BA, HeFY Fat CEmESA
=
At AL 21(2013), p. 13, 35, 42 £[EH6H0] 204

Tl AZE WA FIAS T AR Al T
£ 19934 B2 %—og I2 A =stel AgHa ez 2L A
AP, AGHL G LB B A ABA T £ A3

2 AT 13y FAEE ARz A Fae E017] 8 2015
| A]

39 AGHA AZE HAokal 47] i RGIALIR o] FAIH

AFAE 28 APE Bl 200295 JGHAS 2Pk gl
o Y2 AlGus ER-IA AAFH GRS A4 St 9l
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H4d UHEHARESL=S

H1&E DEA 224 &4

1. 7Hga =3

1) g

= %31 ?LXﬂ ‘ﬂ ?:.#*o s 7Hgsta —r(parameter)a %103}%
Ao| opd H|HA HIIHolth, Frl 4] F4 2 A (input)et AF
282 (ourput) He] &&4 AAE H7HHAACR st a2 S
% harnes, Cooper & Rhodes(1978)°1 2J3f| H] g

Qr C
24 2oz jud W7 24wl L)

42) 428, Z1=(2019), p. 352.
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Bl ot ]l 284

27]0= DEAZ 9] 471%0] AnhEso] ol F8H gl
ol AT A$ thrio] AER40 AABEA glof V8T
o} L ARRAS| Stont Hajo] Zeely| ol ofe
o H27H) wzk7] 910 At o374 Hof, dalixtol = 2 w7}
U e-HlUA §3 87§ RBAHA ok, 9 ok, J|&, 4
F, DAL Aok HE 5 A% w9lo] the vlAHel Ard, &

N
5
N
19,
1o
o,
N
9
H
ok
oo
i)
3
o
&

3] A4 (regression analysis)> LRt 02 AL27 BAH 714
Sl BaRteE 4 (estimation)tt. 12y DEACA = ol
AR 782 SHAl AL, B4 gide] HolEvte® a8
|4Hcalculation)?te}. whehA A=) SAA 7ol A=A &
I, A4l Rt A3E AlFttths HolA IAEA T} Zol7t
tt.(100%)44)
a8 Adid a&X(absolute efficiency)dt A& A&
(relative efficiency)22 Y& 4 Aot A4 8842 B84
AT tiv] A= 849] A4HFO] vleS woh=d|, 11 Ay ghe
1ol Aol glet. ERF U7t MY Qholl At gho] U= AL of
HolH Ay g ¥sHA Hof
& A7 Ueh45)

()
=
()

o o

D

oE 19 ox

v

o
o B3 AERA0] ST

43) 0|XS, 2554(2012), pp. 10-12.
44) 0|85, 2854(2012), p. 3.
45) HR8, AxS(2019), p. 352.
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% DMU 7+ H|w3h7]7F 418 A7do] vk DEA= A4 &
24317 Y3 Lutgo R o] REE Fa EA4rholrh o)

rIr

o HH:
2 m

ox,

DEA E %2 Charnes, Cooper and Rhodes(1978)472] A=-(o]s}
CCR)OIA EWHFES 279 HFo] SLEIth 1 o]F Banker,
Charnes and Cooper(1984)2] A+BCC)OIA EHFEF] 1S
s}sto] ZpHFRO] BPZ A AISHAT

A, thoFst B Q40 A& QA ZHzHo] W49
2rjets $4o] FP5aie S, £ase 4
491 74 B9 BLTAS A 27 1)

o] At AA, DMU 7t H|WE &3 HlEE&ZH1 DMUQ] vl a8/

3719 1 YAE Tl 5 Ut WA, FAUSE B4 FHsT
220} B/M5R WS o] B4 7Mse wigl ot 524 A

=

Hekg AT 5 Yk

46) 492 2145(2019. 2), p. 352.

47) Charnes, Cooper and Rhodes(1978), pp. 429-444.
48) 01¥E-283(2012), p. 4.

49) HAS(2018), pp. 65~66.
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DEA 2§ 479t 22 Fhdz st SHAEE A3t
AR, 584 é@ﬂi vehd Aib= AdiFQl ol & H7t
2 Adi& 7ido] A& 7idoltt. DEA
S }o] 191 DMUZ} t+2 DMUO| H] &l AFth&
FgAolgk= 9u|stal, 84 ol 1 olshd Ao H
F&Holgt= uigith. A& ol 12 B7hE e ol B7t
4 DMUZF &3 Jt WollA Atid o2 o& DMU®| Hlsf
Zolgh= ojujojt}, Tt FriiA DMUZF 43t Adte] Bl ® &
A g7ke 50

-

3
as
o
=

T, 2984 U AER40 57b gold4E DEA 232 Al
wobx 7] ek5D

2) 888 =%
(1) CCR 28

CCR gL otA AFH50| Charnes et a/(1978)7} A At DEA
2o 7|Enoltt CCR X2 FYA| K (input oriented) CCR &L

5 0) ZH45(2018. 2), pp. 65~66.
51) O|&2- 428 2TS(2019), pp. 352~353.
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P} A=A S output oriented) CCR o2 FEETH Ax= A
A A28 A E A A9 BYEE FA8AE Fidkle &
o {4 A3} Byoln, 32 = 4T FJ8AE &8

of

by M
i
xS

X
1o
‘
i

ol
S
A

A& QA4S PASITAL 51 Y =94 Bgolaty

ok
>
30
iV

CCR RS B9 9 A& AR RE A SHTS FAT L,

o

=
< 93X (primal model)ol2tal gt} FHH, YFEFS EAHA
ARES EFY(convex hul)oz2 E3A FAVFATS 7Hg517]

2o ZgrgPolztn: 5

PHH LA WolA vlaed et &4 A;e 2
P 1011, B&4 ARE ALlstd HE&dS AASH] St F
A, WIS dohd & Qo o] T2 I 1T BYZ
E9Q17]& CCR E¥(input based CCR model)o]gtal $tc}.53) FEgH
FAeEE 151, AEE YR 58 ¢ e HEE 5842
2 A9oI5H= A& 7]% CCR ¥ (ouput based CCR model)o]gtal st
ot 2 A oAs A B EQJSHEE o7 A= AR BPuS
Agst7|= gttt

K min k M- +

0 :0,)\,3—,3+ 0 _E(mz:)ls +nz:318n)

subject to

52) 0|¥s-2584(2012), p. 35.
53) 018 2E54(2012), p. 36.
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> i e
s = 0(m=12,.., M);
3220(m=1,2, , N)

0" kA7) DMUS] B84, M 7H8R), sk o9, ok 59

(2) BCC =¥

CCR BEL FEsoBme 7143t watd CCR R3S 71
4T} &5 VS ERHS FRIA R ol WAE F2s
7] 918l Banker er al(1984)2 FmZ=Ql7pd 714L AR5y, B2

A ZZ(Convexity condition)E E{5te] BCC EFL AA5HS
o} 59)

B _ min
0" = 97)\6’
subject to

0"z >ZwW m=1,2,.., M);

j=1

54) KpMIet 20l| st AH2 018E - 2&8(2012) E= 12#(2017) HE.
55) HE5(2018), pp. 65~66.
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(3) DEA Window &

DEA= &4 A9 a&4de S4stke FH2 E4HoH Al
7] Higks B3R & o= 3714 WHA]o] Q& , BE
ALl ARE HHot EF(pooling) AEE F535kL ofof thgh
&S 4ot ol & & AUtk =4, 2 719 AEE U
o] BA5t= AEQ BEA(window analysis)S e 4= th. o] 77

5 HdY FE, JAFT A=E HAA HeolHE

o A=E #Alof HdHo|lHE +5

Staz, o]of gt At BigkE EAT & QU ol HHAAE 4

(malmquist analysis)o|2}al it} E AFoAE= E4 91491 DEA
Windows AlgsH7|2 Firt.

DEA Window 2@ SHIA Q] BP ] AP0 2A Amo| 4] I
o] HAEA gAY FALAL} 4= Q49] 4o H]s] DMU
o] 7} FESHA %S o ZE&A W3 540 #-8Sith DEA

Window £4& 9ajAe £A24 9D A4&240] AL ARE 5

56) OIS 2&2(2012), p. 92,
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(& 4-1) Window %=

7= 1 2 3 o o k(or j)
1 1 . p
2 2 . o+
3 3 . p+2
. o
. o
w=k(or j)-p+1 k

A= 2ES5(2018), p. 71.

7t QoA 5L DMUS SA e A& thE DMU= Tt
Hot. DMU9| 5 nol=t & 1 A %E%OHH 717k 153¢ p7HA]
np7le] DMUC| sl a&/ds 54T 5 =4 drfolA
717t 25¥ p+171A] np7ie] DMUS 1‘41611 T84 SHS AR
o|9} T2 W o g wA|d AL L7HA] §F 7ITHA FE o] 55
€4 4% AASH DEA Window @9 ZF EA =& WS 3
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57) &E5(2018), p. 70.
58) &E5(2018), p. 70.
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2t Window2| DMU = np
HAH DMU 2= npw
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Window = j+1 N 1
2 72
ki &9, e
A= HES(2018), p.71.
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HA ot o2 2 FUEF EopolA I A7t (& 4-3)3F Zo]
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SAFS of (& 4-7)3 £t Hlo|H= FF DEA Window 4=
9ol ArdE g5l
ok FAa4aet AEaa 7+ SAH AT
I ARAE Bl A ASVIEDE A5 EIT gl
20| 54/ d(Multicollinearity)°] e ALz BRIF Ut olof
o} 2 Ao oI ASAALS ALfstith

d)
r
X
f(a
ot
S,

ol
)
N
1o

ol

(B4-7) 5 U 45 94 7IESHY

7= N Azt EOHL o EEFEX

28 90 19 20,569 2,530 2,917

2017~ *-L_'t—'%-._—"‘— 90 545 357,815 16,893 47,181
2019 2&712|(Km) 90 4 313 59 66
LHRIREAA 90 629 613,736 120,390 148,208
EMRURESHA 90 0 271132 37,516 53,541
28 90 113 20,021 2,554 3,019

2016~ *-L_'t—"%._—"‘— 90 542 363,511 16,391 45,848
2018 2&712/(Km) 90 4 313 58 66
LHRIREAA 90 591 663,949 123,346 153,498
EMRURESHA 90 0 269,059 38,123 55,929

28 90 115 19,141 2,563 2,989
2015~ MEtE 90 612 324,795 15,273 41,636
2017 2&712/(Km) 90 4 313 57 66
LHRIREAA 90 751 625,406 123,814 153,400
EMRIRSHN 90 0 2683% 37,971 55,691

IN=MPSINESES|

2. DEA Window &A1z}

1) 2 A+2| DEA Window 23 &4

£ A+= DEA Window 282 &9 W AFZES] 584 &&
< E45tH, DEA Window S§42 ofef (& 4-8)3} £t}



4% HeozessRel

ol
1]
0x
s
1z

H 4-8) 2 A9 DEA/Window EM

T= L&
Window == 3
2t Window?| DMU 2= Q0
A DMU 2= 270
Window = 3

RPN RN

2) DEA Window CCR 23 =AMZAa}

(¥ 4-9)= DEA Window CCR =& 24 ZAxjolc} 584 &4

3 AA 5849 B2 0.5880|t. A=9- 171(2015~2017)F-E
A% 37]1(2017~20199)71A] DEA Window #4123 DMU27(F=
-£5(#%), 1.0), DMUS2(E2-A=, 1.0), DMU78(J1%-1%, 1.0),
DMUSS(ZH-25(%=%), 1.0), DMU9O(SFSE-E-A%F, 1.0)0] A&
2 =2 7848 EO].TL om, DMUI(AW-QHE, 0.147), DMU12
(He-2%, 0.167)7F B2 B&44S Hol1 Jltt. 884 Bigt 22 &
At 4= Q= EET 474— A HH, DMUG4(A7]-91%)7F 0.4545 &
24 Wg} Zo] Atz o2 30 DMUIO(EHE-E-4h0] 1.002 Al
Hog ARl A& YEUL Stk Bt B&4 HISolE A

_%1 o

4

sRE GES 17] oF B840l s oz Yol Ut
I 4-9) DEA Window CCR 2& 241z}

= o AE91 PE9r P93  BF  BAWA
DMU1 A OF-Qf0t 0.193 0.184 0.065 0.147 0.058
DMU2 Se-amf 0.240 0.201 0.247 0.229 0.020
DMU3 TA=THOF 0.271 0.259 0.191 0.240 0.035
DMU4 =A-01y 0.328 0.289 0.487 0.368 0.086
DMU5S FL-20| 0.192 0.198 0.552 0.314 0.168
DMU6 =r-25 0.277 0.267 0.583 0.376 0.147
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= = A1 X2 B3 BZ BHEUX
DMU7 =2 0268 0267 0326 0.287 @ 0.028
DMU8 SU-58 0.037 003 0533 0202 0234
DMU9 =53k 0113 0111 0435 0220  0.152
DMU10 RtE-7t9] 033% 0373  0.181 029 | 0.083
DMU11 AE-E2 0270 0258 0177 0235 = 0.041
DMU12 HrE-EE 0.152 0165 0183  0.167 = 0.013
DMU13 2A-0M 0297 0329 0323 0316 0.014
DMU14 535 0.116 0093 1.000 0403 @ 0422
DMU15 0|=-494 0286 0280 1.000 0522 @ 0.338
DMU16 O[=-GAt 0083 0079 0367 0176 0.135
DMU17 0|=-0i8 0579 0572 0917 0689  0.161
DMU18 IM-2k 0217 0223 0729 0390 @ 0240
DMU19 Tel-2k 0348 0344 0284 0325 @ 0.029
DMU20 s3-F0| 0240 0223 0349 0.27 0.056
DMU21 SYHHE 0199 0187 0167  0.184 = 0.013
DMU22 sI3-F 0212 0202 0527 0314  0.151
DMU23 H=-= 0175 0169 0609 0318 = 0.206
DMU24 ot2l-M4 0296 0243 1.000 0513  0.345
DMU25 Rl 0.131 0.142 = 0428 0234 = 0.137
DMU26 7tRX|-ArE 0627 0576 083 0680 @ 0.112
DMU27 UE-2E(MZ) 1.000  1.000  1.000 ~ 1.000  0.000
DMU28 Am-2 0518 = 0520 0255 @ 0.431 0.124
DMU29 -1t 0528 0544 0093 = 0388 @ 0.209
DMU30 =5z 0199 0205 0203 0.202 @ 0.002
DMU31 =538 0452 0447 0682 0527 = 0110
DMU32 =5-4IK| 0398 0362 0690 0483 @ 0.147
DMU33 =S-HF 0613 = 0.541 0854 0669 0134
DMU34 g=-M4 0690 0716 = 1.000 @ 0.802 = 0.140
DMU35 g5-93 093 0820 0842 0866 = 0.050
DMU36 e -EHH 0.665 0637 1.000 0767 @ 0.165
DMU37 CHE -0 %} 0612 0574 0207 0464 @ 0.183
DMU38 od-g9= 1.000  1.000 0275 0758  0.342
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4% HeozessRel

ol
1o
0x
i
1%

= EE A9l Y=9) PES3  mRE  BAWA
DMU39 CH&-2 0586 0588  0.156 0443 = 0.203
DMU40 CHM-E 0.731 0.740 0749 0740 = 0.007

DMU41 T H|E-THHX| = 0489 0548 0940 @ 0.659 = 0.200
DMU42 =-2EE 0.981 1.000 0927 0969 @ 0.031
DMU43 U 0628 0634  0.981 0.748 = 0.165
DMU44 HEeR-JHE 0594 0627 059 0606  0.015
DMU4b  ZsX-/Hie-ORfe 0947 0948 0604  0.833  0.162
DMU46 -7 0715 0812 0270 0599 = 0.236
DMU47 =E-CXx 1.000  1.000 @ 0.073 = 0.691 0.437
DMU48 SR-MEH(S2) 0.777 0767 0542 069  0.108
DMU49 SI-AME(AZ]) 0.871 0.762 0600 0744 = 0111

DMU50 =I-QLEY 1.000 0969 0829 0933 0074
DMU51 SE-E 0748 0683 0427 0619 @ 0.139
DMU52 SE-K|F 1.000 1.000  1.000 = 1.000 = 0.000
DMU53 FH-ZL 1.000 1.000 0690 0897  0.146
DMU54 S5-28(&3) 1.000 0.933  0.391 0.775 | 0.273
DMUb5 55-25\8) 0866 @ 0917 0290  0.691 0.284
DMU56 HOF-H= 0429 0412 0606 0482  0.088
DMU57 BHOf-%| 1L 0.170 = 0.153  1.000 = 0.441 0.395
DMU5S8 BRI 0218 0249 0517 0328 0134

DMUB9 = AO[==

omn
=
it
H

1.000  1.000 0980 = 0.993  0.009

DMUG0 E-=2X 0519 = 0563 = 0.151 0.411 0.185
DMUG1 d=-gs 0370 0310 1.000 0560 @ 0312
DMU62 S35 0482 0434 1.000 0.639 @ 0.256
DMUG3 SE-89F 0485 045 0377 0439 @ 0.046
DMU64 H71- A 1.000 1.000 0037 0679 @ 0.454
DMUG5 H-Hz 1.000  1.000 = 0254  0.751 0.352
DMUG6 -9 0879 1000 0537 0805 = 0.19
DMUG7 o=-G 1.000  1.000 098 = 0.99%  0.007
DMUGS8 o=—HI== 0492 0523 0888 0634 0.180
DMU6B9 =—2t=10] 0.885 0825 0304  0.671 0.261
DMU70 -t 1.000 ~ 1.000 = 0.571 0.857 = 0.202
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= 2= A1 ExR2 A3 Td HEUX
DMU71 QE-FF 0510 0527 1.000 0.679 @ 0227
DMU72  25E&EF7)-S= 0902 0919 1.000 0940 = 0.043

DMU73  2E\E)-5& 0876 0836 0105 0.606  0.354
DMU74 2EXS)-5X 0917 0864 0362 0714  0.250
DMU75 £5-1= 0.774 0620 0563 0.652  0.089
DMU76 QIH-EY 0730 0679 059 = 0.668  0.055
DMU77 QI -4 7000  1.000 0725 0908  0.130
DMU78 QIM-HY 1.000  1.000  1.000  1.000 = 0.000
DMU79 QIM-0|%} 0756 0678 0777 0737  0.043
DMUS0 UY-9= 1.000  1.000 0702  0.901 = 0.140
DMUS81 N7E-ANEE 0.443 0442 0708 0531 0.125
DMU82 -2t 0880 0831 0306 0672 0.260
DMUS3 HF-243 0823 0884 0228 0645 0.29
DMU84 NEIET Sl 1000 1.000 0214 0738 0.371
DMUS5 £Y-8X 0617 0603 0735 0652  0.059
DMUS6 £Y-8x 0524 0410 0867 0600 0.194

DMU87 HWZ-MHR 0360 0355 0573 0429 @ 0.102

DMU8S8 na-25(ks) 1.000  1.000  1.000 ~ 1.000  0.000
DMU89 I-25(KE) 0.702 = 0.691 0939 0777 0114
DMU90 SISE-AQL 1.000  1.000  1.000 ~ 1.000  0.000

(I 0597 =~ 0587 = 0.581 0.588 @ 0.151

3) DEA Window BCC 23 2MZAq}

(& 4-10)2 DFA Window BCC 8 &4 Adtolct. &4 &7
AIE AT EYE BCC BP9 AA 584 F-2 0.8240]t}. A=<
17158 9%=9 37]7F4] DEA Window £-423}, DMU21(BY-AH X,
1.0), DMU24(st2]-A4, 1.0), DMU42(EAH-25 %, 1.0), DMU53(&
E-T%, 1.0, DMUG4AIZ]-o1A, 1.0), DMUGG(AI4-EH, 1.0),
DMU67(od5-91 %=, 1.0), DMUSS(Z3-25(=%), 1.0), DMU90O(EFS
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H4d UHA2EL=0l e8d &4

Z-29h 1.00] AHHoR 2 FEAHE Holxw ok whd
DMU58(FA-AZ, 0.504), DMUGL(AE-AHE 0.540)7F ¥ 584
< Ho|x 9t}

(E 4-10) DEA Window BCCE2Y 2AMZAnt

= = A1 AxR2 AER3 W HEUX
DMU1 Aor-etat 0664 0698 0672 0678 0015
DMU2 -1 0.858 = 0.691 1.000 0850 @ 0.126
DMU3 aL=IH0F 0847 0839 0886 @ 0.857 @ 0.021
DMU4 -0 0.812 0700 0567 0693  0.100
DMU5 =E-20| 0582 0593 0642 0606  0.026
DMUG SZ-== 0.551 058  1.000 0712  0.204
DMU7 3o 0673 = 0650 @ 0.731 0.685 = 0.034
DMU8 =4-58 0562 = 0.581 0693 0612  0.058
DMU9 =58k 1.000 1.000 0990 = 0.997  0.005
DMU10 rE-7t9| 1.000 1.000 0923 0974 0.036
DMU11 PE-HP 0636 0638 0759 @ 0.678 @ 0.058
DMU12 Y- 1.000 0965 0749 0905 = 0111
DMU13 E-0M 0722 0904 0789 @ 0.805 = 0.075
DMU14 S5-35 05% 0574 1.000 0.723 = 0.196
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= = A1 ExR2 A3 Td HEUX
DMU15 0|=-H4 0.691 0689 0955 = 0778 @ 0.125
DMU16 0[F-GAt 0692 0675 068 0684 = 0.007
DMU17 0|=-0E 0.771 0763 0969 0834  0.095
DMU18 M-S 0812 0839 1.000 0.884 = 0.083
DMU19 Tel-=k 0725 0667 @ 0.881 0.758 = 0.090
DMU20 s3-F0| 0676 =~ 0638 0503 @ 0.606 @ 0.074
DMU21 sE-oEE 1.000  1.000  1.000 ~ 1.000  0.000
DMU22 s3-F 0.688 = 0.681 1.000  0.790 = 0.149
DMU23 ==L 0775 0823 0748 0.782 = 0.031
DMU24 of2|-M4 1.000  1.000  1.000  1.000  0.000
DMU25 Rl 0448 045 0960  0.621 0.239
DMU26 Tt X|-AZ 0.711 0.707  0.711 0.710 | 0.002
DMU27 YE-2SXS) 1.000 1.000 068 @ 0.89%  0.148
DMU28 AE-2|C 0.601 0.609  1.000 0.737  0.186
DMU29 E-Itet 0749 0790 0988 0842 0.104
DMU30 =5 0463 0477  1.000 @ 0.647 = 0.250
DMU31 =538 0507 049 0733 0578 = 0.109
DMU32 =S4 0.561 0565  1.000 0.709  0.206
DMU33 =S 0723 0658 1.000 0794 = 0.148
DMU34 g=-MY 0.901 0.944 0747 0864 @ 0.085
DMU35 g=-9% 0948 0946  1.000 0.965 @ 0.025
DMU36 - 0.891 083 0594 0774  0.129

DMU37 CHE -0 %} 0.845 0799  1.000  0.881 0.086

DMU38 -2 1.000 1.000 0660 @ 0.887 = 0.160
DMU39 CH&-2| 2 0.971 0.997 = 0.651 0.873 | 0.157
DMU40 H&-g1 0899 0917 0827  0.881 0.039
DMU41 G H|E-THHR| = 0932 1000 0862  0.931 0.056
DMU42 SH-2FE 1.000 1.000 1.000 = 1.000 = 0.000
DMU43 ey 1.000 1.000 058 @ 0862 @ 0.195

DMU44 SER-JHIE 0.867 0856 0655  0.793 = 0.097
DMU4b  EsR-7Hie-ORE 0970 0986  0.833 | 0.930  0.069
DMU46 F[E-THA 0764 0862 1.000 0.875 = 0.097
DMU47 =E-Cx 1.000 1.000 0610 0870 0.184
DMU48 SE-HE(S2) 0834 0812  0.931 0.859 | 0.052
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ol

o
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iy
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DMU49
DMU50
DMU51
DMU52
DMUG3
DMUbB4
DMUb5
DMUb6
DMUb7
DMU58
DMU59
DMUG0
DMUG1
DMUG2
DMU6G3
DMUe4
DMU65
DMUG6
DMUG7
DMUG8
DMU6G9
DMU70
DMU71
DMU72
DMU73
DMU74
DMU75
DMU76
DMU77
DMU78
DMU79
DMUB0
DMUS81

Jo
o oot
Hu

o g g g g H

EH(AT2)

W0
H B HBH

o O gy 3 to po &

= 1 H Mo 2

o
o mo
o on

qr oz uE
e
| | |
= A oL
A H

[
=
4>
ofn

-0f2t=

-

H1 ok Jio 1w

> o>
!
Ral

ENENIE

2 2= o o ox
~
érﬂHniéoﬁrﬁoﬁJm

4% H1 0E HO X O mie Of

2
1

04-3170)
ohe At
z-zg
gEEY)-5E
AS)-SE

o

o
=
o
=

o
o
H

re JE i 0f

r2r2r9r2ﬂﬂ09|ﬂ9|ﬂ
0F o 1% Jo |

[
2

|
ol
o o2

(o]
oA o ogim A
|

Rl
—F il
|Z
H

HUER1

0.892
1.000
0.870
1.000
1.000
1.000
1.000
0.604
0.527
0.430
1.000
0.540
0.621
0.668
0.855
1.000
1.000
1.000
1.000
0.569
0.941
1.000
0.738
1.000
0.940
1.000
0.820
0.811
1.000
1.000
0.878
1.000
0.605

T2
0.793
1.000
0.782
1.000
1.000
1.000
1.000
0.580
0.527
0.507
1.000
0.580
0.565
0.637
0.739
1.000
1.000
1.000
1.000
0.592
0.879
1.000
0.773
1.000
0.923
1.000
0.707
0.808
1.000
1.000
0.842
1.000
0.628

L3
1.000
0.852
0.781
0.976
1.000
0.578
0.876
1.000
0.684
0.575
0.593
0.771
0.433
1.000
0.901
1.000
0.682
1.000
1.000
0.775
0.677
0.796
0.820
0.579
1.000
0.988
1.000
0.746
0.804
0.867
0.637
0.592
1.000

Yo  EEWX

0.895
0.951
0.811
0.992
1.000
0.859
0.959
0.728
0.579
0.504
0.864
0.630
0.540
0.768
0.832
1.000
0.8%4
1.000
1.000
0.645
0.832
0.932
0.777
0.860
0.954
0.996
0.842
0.788
0.935
0.956
0.786
0.864
0.744

0.085
0.070
0.042
0.011
0.000
0.199
0.058
0.193
0.074
0.059
0.192
0.101
0.079
0.164
0.068
0.000
0.150
0.000
0.000
0.092
0.113
0.096
0.034
0.198
0.033
0.006
0.121
0.030
0.092
0.063
0.106
0.192
0.181

99



=

= 51z A9 fATQ) AE93 TP  EAWA

DMU82 HF-gte 0887 0836 1000 0908  0.069
DMUS3 | AF-24¢ 1000 1000 0507 0836 0232
DMU84 Hal-mey 1000 1.000 0932 0977 0032
DMUS5 £Y-8%| 0.708 0689 0899 0765  0.095
DMUS6 5%-8% 0.764 0631 0594 0663 0.073
DMUS7 | B=-M7{xt 0613 05902 1000 0735 0188
DMUS3 =~ Z3-22(ES) 1000 1000 1.000 1.000  0.000
DMUSY =~ Z3-22(XS) 0836 0788 1000 0875  0.091
DMU90 =~ SHEE-40! 1000 1000 1.000 1.000  0.000
s 0823 0814 0834 0824  0.091
4) DEA Window CCR 2&1} BCC 2 H]
7| M Ao AeSdre vaeidel Wlel Wi 7eH
aRlof T2 AJA Ee IR0 oot AR AHEH. o] ¢

5] CCR 239 7|&a&4(TE: technical efficiency)®} BCC X 94

+571E 884 (PTE: pure technical efficiency) Z+2 &85t

GE84(SE: scale efficiency)& =&oI¥tt. a8 7|4 88
AL &F71E8E842E e ot Blasd (I- g
2 A 5 o

HEE4 @S AmEY, A4 Haede FRaedCHREH
57128 E4PTE 9T AP & 4 AUt o8 B4 &
oF DMU %
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M4y Ugouesszel B8y 24
(& 4-11) DEA Window 2% 241217}
e 284 Y
HER 1 2 3 B 1 2 3 oy

TE 0597 0587 0581 0584 0403 0413 0419 0416
PTE 0823 0815 0834 0824 0177 0.185 0.166 0.176
SE 0725 0720 0697 0709 0.275 0.280 0.303 @ 0.291

DEA ¥ &-83F 884 &4 Al WAARES =&07] HalA=

N
Jy
R
=
mt o
2
ol
ol
el
o
2
N
1)
A
=
o,
@
=
@
5
I}
o
c
B.
=
L
@
=
@
5
I}
o
[90]
Q
filo
H1

S 99 A S WA el Hlek o g W2
Sl DMUZ} iAjubd el E 4 Gl o9t B 8 e
glo] ¥lwa FAYS AU HgEel/] vt

FEAGL B bt Zo] F b ZWolA Bgo] FFsht
AR T 8 A4S GASERL T2 DMUO] s} Arsos

EA4= v 882 DMUZF &% DMUZ} =7] 98] @4 ®
7HAACE Bt BT AMESRS Thotshs 7|Eo] o g M o
ko7 JjAEojol SH=X]o) HFt HHE At} = v|agFQl

8 Urtop shexlo] et ARE AT

66) 01gE 252(2012), p. 46.
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FoA= 20199 7]& CCR B¥L 7|20 7} gFa "X

B2 AoA EA3F DMU6S A BEAA & v
22 BE4% DMU679 DMU78 Q8] A= 5YUsH £ -4
T1ZE

A gz uag 2, aagdel Ao A

R
)
fol
fifo
2
(o]

ISt HlEEAY 47%E HAA7]7] YaliAE DMUGS] et
2 AAFAY AR A4S FYgsls Hgko

< Folof gt} ojf DMU9E &% =T DMUGT,
DMU789] £ ¥ A2 E #iX|ut= stojof s, 3] 7H5XA]
(VR gRIg £ %ol A& FdE YA DMUGTS 2 X
Stojof gt} H|AE2Ql ThE DMUE nRE7HA] B o g gg4lo

O ARYDS BEIPo] RAL FIAL & Ak

o
o
b
lo
i)
fol

(o]
=4

_

o202 ZZ314(Frequency in Reference set)= DMU597} 473]
2 7P @i, DMU84 363], DMU90 313], DMUG7 223], DMU53
18, DMU27 133], DMU42, DMU70, DMU78 ¥ DMU88°] 103],
DMUG65 72], DMU52 63], DMU83 32%], DMU48 23], 712|311 DMUG4

% DMUGGE= 22t AF7] AHAle Este] 7+ 13] SOt

67) &E35(2018), p. 96.
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H4d UHA2EL=0l e8d &4

0.

VI A REAT A et 2ok A, Mad
784 BE ol 2840 19 LE DMUS 2T gav g
=
=

ol DMU(ﬂg*é 1)

=
rlr
rir IIDl'
oZ:

Aoz Mgy volt

H 4-12) DMUE R=FH

= = 284 SESSIa) HEr
DMU1 Aot-etat 0.168 5965 67 0
DMU2 -1 0.237 5984 0
DMU3 TA-THOF 0.195 6784 90 0
DMU4 -0 0.609 596567 0
DMU5 FE-20]| 0.533 5984 90 0
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