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PP/ EXECUTIVE SUMMARY |

A Study on Cost Functions and
Technical Efficiency of the Korean

Container Terminals

1. Purpose
» This study aims to estimate the cost function of South Korea's

container ports, analyzing the cost structure of the industry,
while drawing determinants affecting the cost efficiency.
Furthermore, the present study intends to suggest policy
directions that can maximize the cost efficiency by

appropriately controlling the determinants.

2. Methodologies and features
1) Methodologies

(Table) Characteristics of the methodologies

har. r . D .
& a _acte Major contents at"’? Reasons for selection
istics collection
Basic |~ Collectingand analyzing | - Literature |- Understanding the environmental
analysis domestic and foreign | study changes of container ports at

Vi



EXECUTIVE SUMMARY
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Chargcter Major contents Datq Reasons for selection
istics collection
preceding studies, |- Statistics home and abroad as well as
relevant reports and | analysis the current issues
policy data Understanding the current
Summarizing the status and operating features
theories and results of Korea’s container ports
of preceding studies Reviewing the production/
on quantitative analysis cost function and a quantitative
model for efficiency analysis
Discovering key variables for
analytic models
Collecting and analyzing | = Survey Need accounting firms for
financial statements | commissi review and consultation in
disclosed by container | oned to an | order to utilize disclosed
- terminal operators accounting |  financial statements
Empirical . )
study DeS|g‘n|ng g firm Need to securg analyzed
questionnaire for - Survey data through direct survey
securing undisclosed other than disclosed data in
data and asking to order to have the consistency
fill them in and representativeness of data
Reviewing the result | — Consultation | = Consultation with experts on
of the analysis withexperts | the results of quantitative
Consultati | = Discovering policy in the field | analysis produced policy
on with directions and and hearing |  directions and implementation
experts implementation of opinions tasks for solid development
tasks of the domestic container

port industry

2) Features

» Following environmental changes both at home and abroad,

Korea's container port industry is witnessing an increasing

number of factors that have driven up the costs, enhancing the

instability. Under these circumstances, this study aims to apply

econometric analysis methodologies, such as estimating a cost

Vil



function, improving the cost efficiency of terminal operators,

ultimately presenting measures to increase their competitiveness.

- A broad review of preceding studies has enabled to design an
analysis methodology and build an optimal model. From the
estimated cost function, the study was able to calculate various
kinds of economic index, including the economies of scale, price

elasticity and the elasticity of substitution and others.

- Prior to empirical analysis, the study collected data directly
secured from terminal operators. This was a separated process
from collecting disclosed financial statements, hence, to secure

the reliability and consistency of the data

- In addition, the study estimated the cost efficiency of terminal
operators compared with that of leading companies, deriving

determinants affecting the efficiency.

- Based on the result of the analysis, policy suggestions were
finally presented to improve the cost efficiency of Korea's

container ports.

3. Results
1) Summary

» Korea's container terminal operators vary depending on
principal agents of ownership, development and operation.
When the total cost of operators is mainly divided into three
elements: the cost of labor, the cost of capital and other
operating expenses, it shows the structural characteristics as

follows;

viii



EXECUTIVE SUMMARY

- In general, the cost of labor accounts for approximately 40%
of the total cost. The composition of the cost of capital and
other operating expenses is different between leased terminals

and private sector-invested terminals.

- For the recent five years (2013~2017), the average cost of labor
and handling volume per one worker have shown an increasing

trend. However, the difference between ports is quite large.

- The productivity of most terminal operators is also on the
increase. In particular, the larger the size of a container terminal
is, the higher its productivity per labor, equipment and facility
is.

Out of 29 container terminal operators operated in 11 ports in

Korea, 13 operators responded to the survey. With these 13
terminal operators, the study estimated the translog cost
function by utilizing a total of 116 observed values collected

from 2007 to 2017. The major findings are as follows;

- The final analysis model was the translog cost function which
consists of prices of three factors including the cost of labor,
the cost of capital and other operating expenses as well as
output volumes. When estimated with the iterative seemingly
unrelated estimation (ITSUR) method, it showed statistically

significant results.

- When analyzing the economies of scale with estimated
coefficients, the result showed that Korea's container ports have
economies of scale throughout the all analysis periods and

operators.

AYVINNINS



- With regards to the analysis of price elasticity and the elasticity
of substitution between the factors of production, changes in
demand of production factors are inelastic to changes in price.
Also, the possibility of substitution between production factors

was analyzed to be low.

The study used the Stochastic Cost Frontier Approach to
estimate the cost efficiency of individual terminal operators,
while utilizing the Tobit Regression Model to analyze the
determinants affecting the cost efficiency. The results are as

follows;

- The cost inefficiency of Korea's container terminal operators
turns out to be low compared to that of leading companies. The

deviation between operators is not that significant.

- According to the analysis of determinants affecting the cost
efficiency, the cost efficiency is improved when the handling
capacity of containers, the ratio of direct employment cost and

the ratio of labor cost have increased.

- On the other hand, the longer the quay, the higher the
inefficiency of the cost. The types of operation and the number

of standard equipment did not have significant impact.
Given a comprehensive analysis on the results, this study
presents the following three policy suggestions to enhance the
cost efficiency of Korea's container terminals, increasing its

competitiveness.

- (a) Securing the elasticity of the labor structure at ports, (b)
Adopting innovative operating system for terminals , and (c)

Introducing a system for establishing statistics data



EXECUTIVE SUMMARY

2) Policy suggestions and relevant activities

4

The empirical analysis of the study showed that the economies
of scale are present in Korea's container ports, which provides
a logical ground for the government's policy to expand the size

of terminal operators, thus promoting global terminal operators.

The construction of production and cost data for Korea's
container ports helped verify the changing trends and causes
of efficiency per years and operators. In addition, the study
presented implications on industrial structure and directions of
system for terminal operators as a way to enhance the

competitiveness.

3) Expected benefits including policy contribution

4

(Private sector) The study contributes to the structural
development of the industry through raising the competitiveness
of terminal operators, which are a main agent of production,
and developing new operators. This will ultimately promote the

sustainable growth of Korea's container ports.

- Based on objective and reliable diagnosis and forecasts of the
demand and supply, it can contribute to the establishment of
effective management strategies such as reducing the operating

cost.

- The study promotes the industry's transformation into effective

management and operating system for its sound growth

Xi
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» (Public sector) This study can be utilized as basic data when

the government establishes mid-to-long term port development
plans and come up with policy measures for raising the

competitiveness of terminal operators

- Taking various factors including changes of traffic volume and
conditions of port development into account, the government
can push forward policies to enhance the competitiveness of
terminal operators. Such measures include shifting the functions
of container terminals and adjusting the supply of new terminals

etc.

- In case of developing a new port, the study is able to contribute
to setting up measures for maximizing the production of
container terminals by achieving technological efficiency and

the economies of scale.

Xil
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Azt B ALY AR F, AHY, AR 5 AR AE A
o 2N AT, o= Fika 4ol BRI wet AEo] V&
Ao g AfA= AL Lok, ojxd Aol FA== Bike
&89 £ A ST Aol9] daAE it (production
function)gtal $tc}.33) WA, B]-8&<=(cost function)= A4S
U*Xi 7o e Frd AbEER old] tiSSte Ha H-EHe

HAE verdch39) Patk 9 8-89ke) o| 2R AMEEE 24HF F
AR ;2] o] 2 371‘%4% 71&sh= A sheAe TS &4
s, 2 dRoAs A3 SAE Q8] 7EHOE Coelli et
al.(2005)35)9] 3= oot B S wtow, Qo wet g ok

A& Farste] AMsstiitt.
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fo

q=f(z) (I-1)

A7A ¢ AZE 1= (1,29 2y) = Nx1 FYE HEo|t}

BE £92e 7|9 W oAaHAY Bl Aol st

33) 20 = Q7|-2t=41(2009), p. 224.
34) {|2| 3, p. 258.
35) Coelli et al.(2005), p. 12~32.
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Vg sl A (I1-1) BAEe] B4 acehd ot 2o,

@ ®Bl(Nonnegativity) @ A4ty f(z)9] A HFL {FEH4olH
H] 21 Aeolth,

®@ RHZ "S54 (Weak Essentiality) : F9] AAEES 4467 9
A= o= T & o]4fe] FYEo] HIEA] Hasi

® zof i8] ¢x57HNondecreasing in z) @ F7HQU EUAF S
TH= AETRS ZAA71A] =t} (if 0> 2, then f(z°) > f(z"))

@ 2EA(concave in z) : BAESE f(z)E= 2o o] L=ttt
(F(02° +(1-0)z") =07 (") +(1-0)f(a")) TrEF A7}
A& HE 7 ol vt E HAAAIGS] HAlS

==
olx3 lﬁl»

4 (1]1—1)91 PR 2 o 7}% RS el 3

= ¢E AAe=E d

OPLH E?J& £ 3 o9
E9] I7MES YeEtE AXAE (marginal
o] 4 (M-2)& EHo] 7l~o—6}ﬁ‘r.

o
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)
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ol

el
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—_— _I_z
=

m{

01/\1 1ﬂri E?J Zt% 173 ]7] 7%—31
S7HAE o &
product: MP):

nlo ﬂHN'

MP,L — L(:B) (]]1_2)

n

A 71& A E(marginal rate of technical substitution: MRTS)<
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RI3% 2 HEolLIEe HIgEs £

oo o

an(.%'l,...,.%‘n,1,$n+1,.-.,xN) MP,,
MRTS,, = — == /P (IM-3)

n

m

0

0|

ES HAE Ndor AEwF ©el Y (output elasticity: )T A3
A= A(direct elasticity of substitution: DES)°| 1o, th23}
Zol] o7}t 7hssttt.

E, = (z) (]]1 '4)

d(z, /x,) MP,/MP,
nm (MP JMP,) =z /x

m m

(II-5)

A SEAdS FUR40 &R TS LA Y= TARAE
tiAdle Hal& ‘:HH]
57t s i A2 oi

T2l B8 AR qAFIES BE o2 RPEY, 0= DES), = O?l
I AR Atolo] tiAl7E E7Fsee Skl HHHE
0= DES;, =0 % BF =i} A2 & HA7L 7Hske 9nl
Sk £JR_47F F 7 ol4del oS 9kl Aol AES(Allen
partial elasticity of substitution)?} MES(Morishima elasticity of
substitution) 5 °]-&5to] F£U24 TF A dS ST & Sk

=
)
o
Ay
ox
ol
o,
H
N
o
4
é
R
18
So
lo
l' r_c‘ilt
X
N
nﬂ>

o o
o
H
olt

A (I-2)9 A= = E?Jﬂé\_.% AFAIZ 7k &

Felab @ 99 5 de BaEe 22 dehic, A
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8471 4 vlER ST o A4Sl VK0l oo X mAH T
2o tigt B4 ZTrA(decreasing returns to scale: DRS), 555t H]
& 37 o]FoA ™ o tigt B4 E¥(constant returns to
scale: CRS), A& S7H&0] ¥ & A% o] g B 7
(increasing returns to scale: IRS)E UEIHT} o|& 4|02 HH
St thaat Zrh

flkz) < kf(z) © DRS (I-6)
flkz)=kf(z) = CRS (Im-7)
flkx) > kf(z) < IRS (I-8)

RS 2] T2 T Eﬂé} 548 B 4 9lom, & 7|go]
Sl ket ol gk 849 o] WaksH]E ek B
HAoR Fmol Uit B4E ZAs ErEt 7u wey

(elasticity of scale) T= & A4t EF2A(total elasticity of production)®]
ARGE
N

=) bl -3, (11-9)

4714 B, A (II-4)2] 4=T ©reidolH, 9] glo] 1tk A2
3<% DRS, 191 3% CRS, 1Hch 2 7% IRSE e

TH 7149 AR BAETE) B85 40) ola=HEte
THoM s 5 len, 7 dRtdor vES4sE 7MY
BE ARt R RE HE&drE =5 5 Stk AE 7I}do] Ak
84 7H0 FF2 vAA] Fohe SABAAGS 7HsH 71A 9
H|-83435} EAl= sty oz oy ol EE3 4 Qo



RI3 % 2 ZiEfO|SBtol HIge 23

ooaT

clw,q) =min, w'z s.t. q=f(z) (-10)

A w= (wpwpewy) e 247449 dgolt, 1§74
Hog Ay 7453t =9-
HH TS 982
€ TR & 4 5% 4

4>

2.

@ ¥]&(Nonnegativity) : H|83 c(w,q) XL H|-Golt},

@ wol 3l ©2Z7HNondecreasing in w) : £Y 14 7149 Z7k=
U] 8-S AAA7)A] et (f w’> w', then c(w’ q) = c(w'.q))

® ¢of disf &= %ﬂ(Nondecreasing in q) : AFETF =71 v 8L
LAAZNA ettt (f ¢ = ¢, then clw.¢") = clw.,q"))

@ 524 (Homogeneity) : BE EAQ 4 71ES k> 0v) 2714

71" FH8E kHl S7F} (c(kw,q) = ke(w,q) for k> 0)
5 QEX(concave in w) : H]€TS ¢(w,q)= wo] sl 223},

(c(9w0 +(1— O)wl,q) > fec(w° )+ (11— Q)C(wl,q))

H| 232 23} u|E 715 48 7H4Sta Shepharde] A&
olgstH 2] (IM-11)9] Z=A{E 94493 (conditional input

demand equation)E =& ot 8 A5 Q3ps A E of| A
I Aol HoiFlS o H|EHASE WSS FU84A9 &
tE 25t Aol

1
)

ac(w,q)
ow

(IM-11)

z,(w,q) =

n
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AFHos =W Shephard?] A 2360E o] &sto] 2R 4
83,E TET Stk Aotk o=e WS ol AR (dual

approach)gt F2m, Alito] ZhHst S 93t Arg Fo}7)
HAe 4 se= 497 AHAL Y. 53], Schmidt and Lovell
(1979370 wr2H ARHH 02 AE%H(Outpu)@t FUE 7H40] <
Aol 1 BQEFT vlgo] PRl A vgH 43| MY
oho]| H] 832 2 A 2A 5 o| YA IS A8 oz ‘BAX

A(Inconsistency) ¥ “BA]A(Simultaneity) &) A4S

O H](Nonnegativity) : z, (w,q) = 0

@ woll thsf ‘ﬂ'iﬁ_’:\_(Nonincreasing in w) : oz, (w,q)/ow, <0
® ¢o s &xZ7HNondecreasing in ¢) : oz, (w,q)/8q, =0
® B4 (Homogeneity) : x, (kw,q) = kz, (w,q) for k>0

® HWAA(Symmetry) : oz, (w,q)/ow,, = ox,, (w,q)/ow,

B3 E2E 18US o(w.q) S B! h3 9] HAEH A|EE)
Hol7} FRsste,

n&h
HJ\HJ

36) Shephard?] Hel= Hol= H|2

EOIE_F—ll. I‘OO gl:génl-

37) Schmidt and Lovell(1979), p. 348.
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q
ac(w,q)
aq

c(w,q)

H3E =L AHOILES HIE

AC
CMC

(Average Cost) :
(Marginal Cost)

2~

e
2

=
4
gczl/ECq EE% SczliEcq

5}

)

A 8]-8-<

w+H|-8
22 A4 (Scale Economies) :

H]-8&+24J(Cost Elasticity)
4 (I-14)9] H]
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=
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T2 BAE A
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Sk
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93ttt Coelli et
al.(2005)°] 2™ F8 I FHi= (F 3- 1>3’Jr Zon, B4
£ AEgo] QlojA iEgfof & Flexible), 413
2 (Linear in the parameters), ;l‘%‘_/é(RegLﬂar), 7§7ﬂ] AJ(Parsimonious)

o= ] ]o]»_T_’_ o]q_

,4
2,
E
lo
il
rlr
9_11

ER By
N

ﬂ% an:‘ U:ﬂ0+2ﬂ7an
—~——I:-|:LEfA ESoi Yy [))()H7n
Zil'%l' E% y /80 + Z /Bn n + Z Z Bnm n m

n=1 n=1m=1

N—1N—1

BE3IE 2X13 B y=6+ 3, ﬂn( )+ PIDY ﬁ( " )

n=1 n=1lm=1 N N
ZC—%EH_JTE E% - eXD(ﬁO + Z ﬁnlnxn +< Z E ﬁnmlnxnlnlm)

n= n=1m=
N N
YHSHE AZENZ RY  y= 3 3 5, (v,3,)"

HM? ]

1/y
=8 HHEEY 2 y= ﬁ( B m)

At=: Coelli et al., An Introduction to Efficiency and Productivity Analysis, Springer, 2005,
p. 211
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=
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Inc(w,q) = B, + B,Ing+ ﬂqq(lnq + Zﬂ lnw,,
. v ot (I1-19)
+5 53 3 Gl dnu, + Eﬁq,, Inglnw,

n=1m=1

HErit AR RE NeeaE =E5E e Aol 1%

A F-vFEs YAsE TPgstal Ayt Atk oA AAeE
2 AABE] 1 e (a3t A ey) F 71 AR LS

%4 Fo18-2 /P F-olFets AReE thedt go) #d

% ok

msk_

g= f(z) = Aatz} (IIr-20)

7|4 AE 7€ T 1 A8 AolH, o8} pE FHooF T
L& (parameter)°]™, 12} S2Ha +p=1) 2L 783t o]ojA]
4] (I-10)2] B|-&F48ME Fohs 7199 H&8rE o3} Zo|
Fdo| 7Hsott.

c(w,q) = min(w,z, +wyw,) st q= Axiz] (Im-21)

1 1 _«a
A W20 @, =¢" 4 T, T2 ABSEL A (M-2D)°] I
F 8340} 2AL WESE 1, 2 el 2A% 84585
Al (M-22)%F (IM-23)Z F= 5= St

__B 1B 8
xl(wl,wz,q)=(§) GO aE iy T Oyt (IM-22)
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RI3 % 2 ZElO|LSto HIge 2%

ooaT o

@ 1 o o«
T o P B (1-23)
A7 84583412 (IM-21)°] tHdsHA o229l (I1-24)2F 2ol
H 8848 Z&5T 4 AUtk

1
"

~|e

B
c(wl,w%q):'yq wy wy (1]1-24)

2] (I1-24)°1A VZT(Aaaﬁﬁ)ié, r=a+golH rZ 4 (IM-15)°14
Holgt F19] AR AR ¢, =1/E, & 2tk o714 4] (I-24)Z
27 Wgeld o Zo] APAY FHY HEFFAE EEY
+ Qith

Ine(w;,wy,q) = Iny+ (%)lny+ (%)lnwl + (g)lnwz (I-25)

ol

2905 VPSR 919 P GAP] EF0] JHslt. T,
A (M-1900 F7h ARko] W2 /1% 20] Wele 1o By
PR5SARE B AFoIAL vlgo] AZte tfs) SYHoleh 7y
sfoll BlgF4E FHsaAt Fet.

g0 4 (-199 Zol Bl§F457t HHW Shephardd
Heg olgstel ol HGUIFAS £EF 4 Atk

N
Sn :/Bn+ﬁnqlnq+ Z ﬂnm lnwm (]]:['26)

m=1

Wy Ly

c(w,q)

A71A s, =

2 Biaa z,0] F8EoIA AAehE B




N
Z40] w2Heh. Lot VA9 v 8HIEA ZolE s, =1 o] 4

Ys7] who] 274 A AFESVAZL s, ol Hapr] gfsiA
L U guEA] F S A9stolof gt

E Ao M= HEEAURES) FAXSHITSUR: Tterative Seemingly
Unrelated Regression)& ©]-&s5to] 4] (IM1-19)9] H]&3r=et 4] (11
-20)9] H-&H|FAS AP FA] FHE FAlo FF5IoH, ol
ol 2ddig o] 4 8842 =0l A stk ERE AR
O g v &g FYo= FYLATHE T AEwk] 29 4] ([T-27)9]
BAZZA(homogeneity condition)¥} 4] (I-28)2] ™A ZA(symmetry
condition)= FI}3tct,

N N
EX%2A) 36,=1, 28w =0, X16,=0 (I1-27)

n=1 m=1 n=1

MA=x4) 6, =B, for all n=m (-28)

2) #22| ZX|A(Scale Economies)

L p s
AL Wittt 29 BHEE 545t T2 BAESeE 4
Sl 4 4 (-9 o] AAerEAd(Production Elasticity)<

3 S 4] (IM-14)%F #Zo] H-&
=2 4(Cost Elasticity)S 0183 4= At} waba] £ Lo A9} Zo]



I3 & 2 ZE0|HEIY] HIRE F5

A (I-199] 294 #1835 ZPL o8 A9 H gAY
chet gol vekd 4 ek,
dlnc(w,q)

N
Ecq = an: ﬂq-l-ﬂqqln q+n2:]1ﬂqn In w,, (HI_29)

HFHCE 1O BAl(e )= A (M-30)1} Zo] FqT 4= qloH,
e, 9 Ffol 0Tt &2 AL ‘FfEo] thgh H4 FrA(decreasing
returns to scale: DRS), 091 % ‘Ff&o] gt Ea E¥(constant
returns to scale: CRS), 0EtTh & 3¢ ‘Lo tfst 5 Z7}
(increasing returns to scale: IRS)E UERALE.

N
e.=1—E,=1— (8,4 B,lng+ Y, Bplnw,) (I-30)

n=1

3) 7IHERAM(Price Elasticity)2} CHX[ERIA)(Elasticity of Substitution)

H| g 3ol QanBA Y 24 Bo o] A5 E OE B

2% AAANERE MR AT Aol . sHAsEge
1

He] 1% st ) Aol % % WSS SYste X
ZH, Yutr oz Adigro] 1Ht} IW o AFEQ] £Q 7t 714
o se=ojet 511, 1mrt Zow weeHojata Fhh3® Aol

o]
TR T AF A 714 9] Hsto] whEt "ok £5F ofy et o
< =2 714 Hete] wet Helely| e gt} ofo] HARE AHA|I7H
s

A (own price elasticity), $AFS WAZ}AEEA(cross price

H

38) 01&+42006), pp. 27~30.
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B =

elasticity) 0.2

29] 4 (-31)7 2

7+ A (Price Elasticity) :

(IM-31)

dinz,
dll’l wm

_ %A,
B %AwTU

nnm

1.

o] 4] (I-32)2} o] AHA

O
=

o185t o}

+s,, for all n=m and

s"

6 nm
/8 nn

nn m

(II-32)

+s5,—1 for all n

Sn

77 nn

ARZA, QAEHA0|

1=
) .

%

A5

(Blasticity of Substitution) :

24

oA

(IM-33)

dln LU"/.TCm
dln MRTSmn

0-7),’!",

o7|A MRTS,,,
A& vepdith. ogt 4] (-33)°4 A 2ld A

=8

39) 0&+42006), pp. 205~208.
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Al4to] 7hs-stet.

—_

Hicks-Allen tHAEHEA
/8717”

n

ﬂ’ﬂ’ﬂ

S

My = +s,, for all n=m and (I-34)

Npn = +s,—1 for all n

n

Morishima THAEFEA -

njwnm = Mam = Mlmm fOf an n#=m and (HI_35)

=0 for all n
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of et et EoR AT 1Y ol 488
.

A%
|o
L
v
r
2 ¢
L
4
N
ﬁ
O
2t
ﬂ.i“
R
_

e 24818 sog

2| HMZH(Z0, EXZ0], S2|24H| 2, F8HH]|  ZE|0|H X2|ZHTEU)

SEYUR(UNED|LO| ZP PASTH), SliHes
RR2H| Slo X1t AIY, FH), 2O ATEY0l SU Lt SHISH(TEY)
@712 22
Y|, B2, DIFE, 2], B & 910

ZH|

Ho

= QAHIRS F|Q5 LIHK| HI ZH|0| L X2|ZHTEU)
_'_J_L_I_ oE ! r=)

NN

SHEH 2 248182 240 A (& 3-3)9] 20109
7% ARy PAREIIASE AHEste] BHEES FA 2010
4 7lE BesiEoR Bsteh

i)
4%
=

(B 3-3) 31228 WA} 271X[42010=100)

A =75 A= =M% A= =7H|5
2007 88.93 2011 106.71 2015 100.95
2008 96.53 2012 107.45 2016 99.11
2009 96.33 2013 105.73 2017 102.54
2010 100 2014 105.17

K= https://ecos.bok.or.kr(ZAA: 2018. 8. 9.)

2) Xtg2o| EM

A0 ARE & 1370 =4 AElelvEnE &3S SHIE,
2488 5 AAEE ARE JiESHE (& 3-H% Eoh B S
= 9F 5739 dolH, o] F AH|7} 2319 «, AE8|7F 1929 €,
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FGH7E 1509 A& AAskaL ek oet FH-8-0] EEHATF 438
o Yol gotar ko] H &gk 70817 Hol Az 2FH &9
AFE9] O] & Zol7t QIS ERIT 4= AUt AHEEQ] HH oY
Ag)ego] Qi B 1229 TEUOIU g2 4637 TEUC| X
Z|4:gk2 121 TEUR £ AolE HYct,

(B 3-4) ZM X1=29| 7| =8HH
T2 o @, TEU

= Hat BEHX 2|k DA
EH|g 572.51 438.09 23.09 1,761.36
o174H| 230.63 212.12 6.28 929.00
;]é XH2H]| 192.29 149.32 7.22 542.72
2| 149.59 132.45 8.63 504.97
As2

(0| H2i) 1,219,945 1,053,701 11,757 4,626,435

R MER

(I9 3-13} (G 3-5)%= 20119004 201749 713t DA LGAE2
B 4713 Q4H8 1)50] drd Ws} 0|8 Moz WA
a47i7e) Wsle AnRE 4EEY QAN 49 BF Fasit
201432 71Fow T A5 FAS HolET 9lo, Jrw
9 g7bgzie 5 TAHE 2 EEE AAsHe AR Ao 2
H5)7h Qi Ao] EAolt. whE, QlAvlel (uHS ARt Te &
Qquie] AEET 1AL 20124 olF A sl 2AlE HolT

#sb7t gl 7hed] AAHZE b 2 HlES At theo A
u], £u] £0= TAHo] Utk (E 362 LA B R4}

AT Q4HE H|SS HojEn YA Bt 84082 AuEd
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M3 = AH|O|LST

=

AEEG 7L 20,3028, A 139149, 290 15263902
Uehon], BEEA} A 27 Uet 294 2 248 %
o} 2 A2 BHAUT. LW HE
Au7} 4o BER A4 3A] depge.
Ho] 2AL 7k MRS o7t 2 AL
(a8 3-1) A8 B

i o \ // e

- o C s \———”‘—/
INEHPSINES;S)

(H 3-5) AE Hrd QA7 QAH|IE HIF
ol Bt QAHIS(HY: &) T QAH|E HIS(HI: %)
QlZAH| N =] =2&H| parals N =] 23H|

2011 17,970 13,417 10,230 40.75 36.05 23.20

2012 17,755 13,662 11,735 38.25 36.48 25.28

2013 16,279 13,486 11,902 37.78 34.59 27.63

2014 14,955 13,5628 11,329 37.45 34.18 28.37

2015 16,082 14,563 10,887 39.46 33.83 26.71

2016 16,732 15,127 11,775 39.27 33.10 27.63

2017 18,278 14,715 9,628 44.62 31.88 23.50

iy 16,864 14,071 11,069 39.65 34.30 26.05
HZEHEX 1,199 707 868 2.46 1.60 2.08

INEHPAINES
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o QAT

Aot QAH|

2

g HIE

)

o4

AHIE HIS(EHSL: %)

S0} -
ol A= oo oz xes oo
A 15,963 14,825 6,532 41.13 42.04 16.83
B 19,409 19,218 8,487 40.74 41.45 17.81
C 16,091 19,948 9,230 38.80 38.94 22.26
D 27,271 21,505 11,647 45.30 35.36 19.35
E 26,187 15,128 6,743 57.08 28.22 14.70
F 14,745 23,067 13,074 33.26 37.26 29.49
G 20,104 8,159 10,895 45.02 30.58 24.40
H 35,090 5,448 19,634 51.42 19.81 28.77
| 27,003 18,021 9,871 50.82 30.60 18.58
J 22,662 2,849 40,233 25.93 28.05 46.03
K 18,897 7,985 12,610 46.48 22.51 31.01
L 2,073 14,440 36,612 3.23 39.74 57.04
M 18,435 10,287 12,849 44.65 24.24 31.12
B 20,302 13,914 15,263 40.30 32.21 27.49
HEHXL 7,950 6,461 10,834 13.71 7.47 12.25
X2 KPR
2. ZEjs HI8ES £
= e oyt vl-8rE HH oY A, Ay, A&
H|, 298] F=S ol&sto] Fstd th22] 4 (M-36)2F Zol &
ER LR

7C= (g wypw,,w,)

o714, T $018, o= 3
AF7H4, A2, 29

_,
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P
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Sy = ﬂr + qu lnq + ﬂrllnwl + ﬂrr ll’l'LUT + ﬂro ll’l’LUo
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Qe RSET

_l_,
1o
4
o
i
ox
)
>

7} Z¥zF 0.9895, 0.8421,
041312 AH&Eo] BY9 AYwst As] H Ao Yehirt

B 3-7) ZAUS IS FHEURFIR 0]50)

G FEX| HEQX t-SAZ p-value
By 0.468433 0.1211 3.87 0.0002 ***
Bu 0.134988 0.00566 23.83 (.0001 ***
By -0.03994 0.00756 -5.28 (.0001 **+
Bio -0.12566 0.00583 -21.54 (.0001 **+
By 0.012739 0.00463 2.75 0.007 ***
B, -0.07129 0.1585 -0.45 0.6537
By -0.03248 0.00727 -4.47 (.0001 **+
By, 0.09084 0.0102 8.89 (.0001 ***
Bro 0.008904 0.0082 1.09 0.28
Brq -0.01632 0.00586 -2.78 0.0064 ***
B, -0.53455 0.2806 -1.91 0.0596 *
B -0.12364 0.00784 -15.77 (.0001 **+
Bor -0.01926 0.0129 -1.49 0.1386
Boo 0.188776 0.0183 10.32 (.0001 ***
Bog 0.035893 0.00916 3.92 0.0002 ***
Bo 10.84838 2.3311 4.65 .0001 ***
B, 0.343329 0.1563 2.2 0.0303 **
Baq 0.023287 0.00588 3.96 0.0001 ***

e SEelgeay] B 18 8= (jteration) 34 12
S HAR A (Adjusted R?)
HIZ & 0.9895
U2 HIS(s) 0.8421
HIEHISA]
Xi2H| H|3(s,) 0.4131
T p-valueQ| ¥¥= 1%, = 5%, *= 10%0M SHMOZ Qo/ata 212} LIEH,

INERPRIN RS
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M3 =W AHoHnte] HiE"s =8

st 4 (1-27)9) $A2AT 4 ([1-28)9) hHZA A% 2t
s}z Zo] APAAC] de AHL S YA G 3-8)L
Aokl et G4 @Y ABE Helzrh FXRAT hHRA
et A% A4 A3 ARIHEE 71 4ste] AR Aok B A
o stz SAlo] AYskA = Aom vekgrt Teiu UutA
o W84 240 YlolA AR AT WA 185 47|

B8 H23HE 8 BAEAT JYEAS Holshn rki0 3t
AozAL RO A 2ok & 40 5 Zoln AFES
272 SBF 4 Atk o] k. wehd B ATolAE HEH

53

L X
oF AFRAL HAF 2YdS METSE TG ol
A

2t BAANRE AFESIAH.

(H 3-8) SAZM HiFZ2 Rl 28 A4d 2t

HE7H4 F-SAE p-value

B+8,+8,=1
By+ B, +8,=0
SAEA Bt B, +8,,=0 123.33 (.0007 ***
Boyt By T84 =0
Biy T8+ Boy =0

/617' = ﬂrl
oHalxA Bio = Bo 81.10 €.0001 ***
/67'0 :/Bor

Joint Test 348.66 {0007 ***

4

72 prvaluel i 1%, *+= 5%, *= 10%01A SHKOR Qo812 212t Liek,
ERSNEE

40) A891- 44542017, p. 63.
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SR2AT GH2A Ak Fake AAue JRuo v gu)F
4 244 oo (E 399 Ptk AFAY 14 A% 5
AL BE A%t BANOE st vehgon], v
QUAH] 9 AR ¥ §u| B4 0] SHBHAST A2} 0.9764, 08437,
018915 AH&¥lo] Lol AU JA) 4s] B A0 ekt

H 3-0) R4 HIE FHZ}

+= eS| BEQX t-SAH p-value
By -0.02676 0.0522 -0.51 0.6092
By 0.138555 0.00505 27.44 (0001 ***
B, -0.04485 0.00472 -9.49 (0001 ***
Bio -0.09371 0.00184 -50.85 (0001 ***
By 0.027962 0.00368 76 €.0007 ***
B, 1.169523 0.0657 17.8 €.0007 ***
B -0.04485 0.00472 -9.49 €.0007 ***
B, 0.12383 0.00483 25.65 €.0007 ***
Bro -0.07898 0.00279 -28.34 €.0007 ***
Brq -0.06099 0.00463 -13.17 €.0007 ***
B, -0.14276 0.0426 -3.35 0.0011 ***
Byl -0.09371 0.00184 -50.85 (0001 ***
By -0.07898 0.00279 -28.34 €.0007 ***
Boo 0.172686 0.00234 73.74 €.0007 ***
Bog 0.033031 0.00305 10.83 €.0007 ***
By 6.186791 0.6597 9.38 €.0007 ***
B, 0.425573 0.0898 474 €.0007 ***
Byg 0.030155 0.00615 4.9 €.0007 ***
EHE B4 Tl 10 HH= (jteration) 314 9
>HAFAS(Adusted R?)

Higet 0.9764

Bl H(A Q17| HIS(s)) 0.8437

Rpe| IS (s,) 0.1891

72 p-value®| **His 1%, *+= 5%, *= 10%0A SHKOR Qo132 212+ Lieke,
R FA A
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= HE7H t—SAF p-value
B+B.+58,=1 0.16 0.8745
Byt B, +58,=0 -1.10 0.2733
SAEA Bt B, +6,,=0 -2.52 0.0111 **
By By +85 =0 0.47 0.6407
Byt By 8, =0 -0.06 0.9502
By =By 3.05 0.0020 ***
N PSEal Bio = Bot -5.07 (.0007 ***
Bro = By -8.12 €.0001 ***
= p-valueQ| **= 1%, **= 5%, *= 10%0IM SAZCZ QO|5tS ZtZ} LIEH],
PNERPSINES Y]

2) 29| Axld

(E 3-99 2ddls v¥&ds FH2HE |85t 22 A
]\(—)]—% T"f]_‘/‘\:l]—a_}‘%tl— UJIXJI /\ ([[[ 9)01 (1, qq, ﬁlq’ quy /60{1‘0/" 7:]]’/—?'\_

2
FAAek 7t AEE-2GAE P A8 F{slo] v gL
ALt Oli 4 ( -30 )% o] g3sto] THEo] FAYE AFESIA
k& hﬂw; (& 3-11)3 2}, B4
£ 717k BE LdAto] R

ki
1149
Ho
4
HJEZ
L
5
mlo
r 1r1 ik



BA7E Ak A= YEbgth 3] A =4 713t 24 R
BAI7F 0.36 B2 LASHAl UER AFdol oF&7tA] o] A7

AR A H7HA] 2] EPSS &

a2

= et
ol Huld 2FAt AA M AR vl JATFoR A
.
H3-11) A=E-29A1 1#22| ZHY
TH29) 2]
SEAM SEAM
A= HSERAE)  oam) BOM UBEESE) ()
2007 0.6355 0.3645 A 0.6301 0.3699
2008 0.6458 0.3542 B 0.6331 0.3669
2009 0.6441 0.3559 C 0.6285 0.3715
2010 0.6421 0.3579 D 0.6393 0.3607
2011 0.6384 0.3616 E 0.6182 0.3818
2012 0.6410 0.3590 F 0.6261 0.3739

47) oflYeAE HEXLR | http://www.mof.go.kr/article/view.do?articleKey=23402&searc
hSelect=title&boardKey=10&searchStartDate=2018-08-27&searchEndDate=2018-
09-27&menuKey=376&currentPageNo=3(ZA4!: 2018. 10. 15)
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M3 =W AHoHnte] HiE"s =8

2ol a0
Ae HIBHALE,) gy 2SN HBEESE) g
2013 0.6421 0.3579 G 0.6478 0.3522
2014 0.6415 0.3585 H 0.6608 0.3392
2015 0.6407 0.3593 I 0.6125 0.3875
2016 0.6415 0.3585 J 0.6573 0.3427
2017 0.6433 0.3567 K 0.6690 0.3310
L 0.6229 0.3771
M 0.6408 0.3592
A= MR A
3) 7HAE= Y} xR
(E 3-12= A ([I-3D°1A oAt 7H A de &t Aot
7HgEd F29 i das AP EE S e, Al 719
U EF ZOYe AT & Aok v axpiAagEde Yeille
vt aE BF FH g2 7, 53] vl A2 H] 7t
ZHAg g0l AHHoR 7 Ustth dlg S0, 7HaeEAd JE9
1x2 8491 0.2092+= A=22] 7H40] 1% Jsati= W s 85|
0.2092%%HF S7FIHHaL siME <= Slt. ot 7= IE W
e 249 ddigho] 1Ho Zof £Qla4 a7 0] Halrt 7149
Hsol s Bgg Al Aoz E4HUH.
B 3-12) 7ty
Q1Z1H| e 23|
paball -0.253652 0.2092345 0.0444177
Ab=H| 0.2601714 -0.293326 0.0331548
2| 0.063665 0.0382178 -0.101883

PSRN RS
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E 3137 (& 3-1H% BAFS A $202 §A% Ao
A AR BAQL 7 A7} Bl AR AEI A
38 BASE Aafolth. WA G 3-13)9] Hicks-Allen A4S
AR, A (13900 OJst 415 4o whet AL ekt
2 2 % otk 84 23 v go] BE el ke 7]
AL wE, AR PG £Yak 1 SFEE BAV AFs
e Holzt) the AbEE AREA gho] BE 15t} 2o} UA)
B —Er?:l}lﬁ: @ 7}—&*3-3 njulgt Aoz BARQTh (X

(¥ 3-13) Hicks—Allen CHX|Er24M

Q174H| N 23|
QUZH| -0.634612 0.6509219 0.1592833
A2 0.6509219 -0.912528 0.1188943
| 0.1592833 0.1188943 -0.365355

|-§_: I~|X|— pNIS|
(¥ 3-14) Morishima CHX|E21A

Q174H| N 23|
QI7AH| 0 0.5025607 0.1463005
AHEH| 0.5138236 0 0.1350376
| 0.3173172 0.331544 0

INEERPRINESS
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M 4% =4 ZEOHT HIE 28 24

Wiz

S Aol el Hl8 HeA B4

A7l A= A3l A 243 vE&g4 BFZ o]-&sto] U A
ElojuEnd LAY A=A dir] Hl-§ &S AR &
EWHFEAAHS &8sto] dAE H8 A4S SH5HL, 24 4
e Az Ay v n JES B 884 449832 74
= &9 = HEol|Rte] vl a&A A AT AXRE =
3t

1) Zei7-§52-£52H2012)
=1

BT JFeL-£22H2012)= A=mEFHEH(Data Envelopment
Analysis: DEA) 2 38Z o]-&5to] = HdHo|YErd XA 7t 7
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d ALAL B B4t 200949 71& U 187 A o]HEn|
] A o R Agstglon, Hezs Ay EAdA
Ay, ddiE, TEHSCEAAEE-QIAY+AAHR) S
EAHSE AR, WiEd ) oS AEHER Akt

S B0 =Ed A9 A= ot T A, SRS
gHoluEuld FAte] 49 B840 o &4 Yery k-9

o =

|

FAA7)7] A A= BT
AT FE-EReH012E AT 2] h2 AAHoR e
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2) Bi-Z4(2010)

2120102 ARExFEA 2P FEHAEA(Stochastic
Frontier Analysis: SFA) 2§ o|-&3slo] = #AHo|yEu|de &
&< S5k, &4 A%E B E Y AAEE AAISHA
o =W 87 HECIHENE LIAE LR 4719 BAEEFEY
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(AHloIUsHE e olgdtel BeAS AT BA A
8% Yaks 2R thew 2t
Y= f(E,B, CY,C/C)

o714 Y AHolustE e oulste, B 94U 4, B
s400], Oy Aol ok, (/Ce Al d8 ollad
B4 59 wad A7) GAE oest o A, 15
PFUHSUSE 7167 Nagy AvE oSk got 42 g
ARSI R B4, Al 02 e 2T A4
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3) L% 4(2005)
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o ot YikEoR Wi A8HE FEUARUL B A&
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Moz fofulgt Aolt ¢heg wAct

5) Cullinane-Song-Gray(2006)
Cullinane Song-Gray(2006) ZAg|o]ygqt A9
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M 4% =4 ZEOHT HIE 28 24

oL =

), A, FHEEY, 1 9 FFEE =99, A9 59 E4
oz Tele fojula Aolrh EAel=AS AmugtTh 240
A3 vl R BYe bt 2.

7C= C(Y,w,z)

SHEo2 el muinlE 3 gdolH, Y=

r
)
AEE, we FYURA7H, v AFFYECIH.

42 Fof £33 A7 23k e Lk 3, DYEYER
QU5 A g L L o] A

A+ AHR2RE EEe AAES 53 Zrh 3, 2
SEISo] Rt AL GAJste], fFEe] SFHE B3t aa Ut
urgo] dasit. J3u afde] HE Tdse S oR 5%
st7]ole ofEgo] WEEg JAIT 39 7o JYS S5 FFA
LR =5k-E Sfrohe Aol asit 24, A 292 =58,
W2 AH|A A7 A olg-Eo] ARoltt. wEbA o]F A5 fls)
e AFARE AGAAGA S| A o] Badt Aow ddtEn

2) HEHT-51517(2016)
AL AT BRAIYT SRAEALSAY] o
a4 B4 20 uio Yol A7 g 4ysa &

H&_—go‘t% X«ﬂ/\]‘é‘]—?}\\:} H]—g—'@‘—}[\— E—%% 01%3}01 :H'EQ’] %Zﬂ’ —/'?-_8_

[\ S )
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TC= O(Y,w,t)
o7]4 TCe FH&, Y= AEE, we FY8L, = S4UsE

oujsi EQQAoE AE &5 FIHAQ A wE 0|83t

222910 Fro] AA7F 2A5R} SFEAEA}SEARL. 2514
o= Zo® vehgth webd B4 22 A4 Astl gt
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= Aelojydete] ma/do] det 4= 20008H S vl
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AE20) A2HES SHHL don, v 8] JNa B8H ATE
AR Aefolct. E3F F2 EAPPECR FEBH oS 1A
UL ARESBAUES AP, FFRARANS 0|83
B84 B ARE B4 420 Aok 5o 71 gat geol B
H2es mRe 22 4859

—
N
N



M 4% =4 ZEOHT HIE 28 24

B 4-1) MeZEME(DEA)S 0188t &t g 84 M7

o ) tH
TV - N i
SH £ A=
=Y
=H HE I
Roll and Hayuth DEA  H|Za E_cz | o 12+
(1993) SIEEY MH|A =7
0|84 MIEE
Martinez-Budria DEA  H|Z2 LEH]| JIEFH|E =Y
etal. (1999) 72| oo e 2
YN[ DEA NP CYsy HLtst i MIEPSEE
(2003) /AHP TSR 4 - ofEAE HMTRE
A 5 CH7 [AIZE .
ZAH|10|H M 2|2
J. Tongzon DEA  H[ZA - Cypid oley & 7AH|0|L X2
(2001) He AAE
EE RS Ol Q1M
PALs: ===
geT mes Lo 212 oy OB

(2012)

R A

29 A79 74 2 Hol} Uk, B¢ Hu)d SGAY ATAEE
oz Thrt (e E9) ARS 4 7HEe] BES B9 &
4 AT} gt BYe] Hg AlEo] 1AX) ¢k A4 AeouE]
o 2oirtel w8 A & =

Q]
HAA Aol ejelrh EARtha & 4 9k,
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(B 4-2) SEHEEMH(SFA)E 0185 &0t 24 MAAHT
o _ e
omx o @y - )
i £ A=
Notteboom,
Coeck, and  Bayesian Z-CiZ2fA - OHHZIO| BHOg HA ZiEH 01
Van Den SFA MASEE - G/CY & SEES
Broeck(2000)
Cullinane, = Ot 7l 5 A
Sona. and SFA FO=Es - QrHZO] St&H| 5 ZiEoj4
Sno002) MBS - EID) B Bl
ray
orHZ0| Of= HEZ
Culinaneet = DEA/ E-GZtA - HOE HA I3 Ql = ZiEoj4
al.(2006) SFA ARG 2= HEZ| AEE SEE;
EETIES 7H2|0] 5
U2
ey SFA SO - oHHZIO) G/C % cal=[JIE]
(;oo;) Wiigle TGS T/C % EE
s HE orHZ0| 1002TEU =24
Mot Davesian E-CiEEtA -HOEHY RS2 cal=JIE]
_‘(ZSOZ)L SFA MM - 7HEZ DIz E NEE
EEES B
orHZ0| 2ot
LtE4 DEA/ E-CiZ2tA -HOE BN 3=X28d - ZH oY
(2009) SFA  MEk 2ot SR
S
LA
U@ DEN/ 7;31 Tedels  cEHOEEH - #EO|Y
=10 _
(2010) SFA JITEN ot 20| HEZ|ZRfRl = A2

INI=HPSINESPN
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M 4% =4 ZEOHT HIE 28 24

oL

>
N

A
o
0l
folt
M40
0x
I
1z

T8 EARES V&0l dA 2 AFoA F2 AMESH
g -gojof izt 7HZkA Ho7t " asiet. & GollAk 9bA 3o Aet
TE7HA 2 712402 Coelli et al.(2005)429] go] U gh<= A o]ot
7S wstow, Qo wet g shExE Farstth WA 719

A4 (productivity)Z AF=T} o] & 9lo FUTt 3479 HE
39 & Sl

I-I'UJQI:I:l

A (productivity) = AAREKoutputs)/FA 4K inputs)  (IV-1)

o FHaart o Rl B A AR AES flEiAE
oI FYURAS St AEZ SRS Fo] Basith gt

o
Aoz AL nE AR AE THE 2 Q3 AAA(total factor
A=y

T{.
—-
u=)
Prl
O>~
o
ox,
re
il

productivity)& v A, ERAYAS 5
E4 FAgaof st 3’?_*6’% BEAAA (partial productivity) 2
& ®Fo| 7ot

ES T2 Y AFolA EXE o] AREEE BAHE T a8
gt o] Rt (¥ 4-1)2 AFAka Ax(x)9] FYFo| I
£y WsE J-o R #ASHL Utk 4714 FA 0F = A
W (production frontier) 0.2 E&|w Z+ El=Fo| tis] @A) 7]
TR A 7T U AEEE UEhdY i AR A
o] 4T floA A EE5E St S 7192 71€4

!
il

i1h F_.>l = of

42) Coelli et al.(2005), p.2
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0 F a8%(technically efficient)o]2tal & 4 Qlth. H A= H|a&

| A B2 ekl 71 gaes B9 glo] 7144 1eA

Zo
1w h
g 3 AETS H B aElR VM USS X

HA
ot
)
)

ozRE 7 A, B, CE BTl 442 B9 7
71949 AT F20] AAE Al 4 ek A4 7187] y/at
4 (V-19] el whet 2 Aol Aol e tehfe, 712717}
Aol aet AYiHo] T AS L 5 Ak oS Sof A Aol

2491 A B o5l et 49

e

30
T

ik 2l 7190] 71eH o' ag
71€717F AA L § 52 L3S HolA Hrt 3 H C= olF
ol et Ao P wEste, o] A9 ol BAS T
At A C= 71eH0= HAH9) FuS D45 Holn, A
4 99 T BE Auth £ P wolth Fus A
7142 7Ied o2 BEAQ AHoA 1 HAE AT OEHA
Pirde 98 A & oo
(O 4-1) $rHHEA 718X 22| A
y
F."
Opidl scale \ B
c A
0 X

Atz Coelli et al., An Introduction to Efficiency and Productivity Analysis, Springer, 2005, p. 5
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M 4% =4 ZEOHT HIE 28 24

oL

(" 4-1D2 B4 Al-olA o BAPAR AR J4Hd o] HSE o
Bt vhd A4Hd #sle] E ohE YRIoE Ak & 4 QUTh Al
ZHo]| W2 7]&% WM3IKtechnical changel= AJAHH
T o oF ]Z_‘:} (" 4-2= AAE 0049 AHAEEA
0F, 0] 719 Aol wt Al 1914 0/ Z olsTS K
Be Be A8 A BY eEollA Al 10] A 0RT &2 A4
<& HolA . o|AH 4o 2 B AlFIAe aed
S7HETE ofUEt 71&4] WS B 20| FA| 2o dFE =T

A a8A4% w2 a4 (allocative efficiency)d /Hd = +
a3t} HiE4 §:%’\ ojgt H|-EF 43t B ol&aTistet
QAHEH FA19] Pty Ao g aedS KRt & 3
o] v]§o g B4 4i=TE AAsh] AT FA84A9 28
S d QoM ol Uvtgoz F 4
(overall economic efficiency> ©]2i3t 7|&24 a&47 vj&E4 &

&9 &= omgtth

(O3 4-2) AR M2 7|5 Hat

&

Ho

1T

Bomy
o

o,
o

lo

0 X
Atz Coelli et al., An Introduction to Efficiency and Productivity Analysis, Springer, 2005, p. 6
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G884 ST H o R = H|-8HE A (Cost-Benefit Analysis), H]-&
A4 (Cost-Effectiveness Analysis), 3]+ (Regression Analysis),
Ap g eHEA (Data Envelopment Analysis), €-&% 724 (Stochastic
Frontier Analysis) §°] Ut}.43) (& 4—3}—3— IAHE SFHHEEY
FHRS RS HolSa Qo 4] RS2 AT AR
HAAL low, ol shuto] Hio] thE ®PHo| Hls] d5sittal
T 4 ok 12EE AFAY] A4, Are] g s SOl
SATHS OdstA A8E 5 3l
2 AFoA= A3l 4% 2D Hl-&erete] A2
glolo] SEH|-EH P2 W (Stochastic Cost Frontier Analysis)&
8 FAYHoR AEsid. netA A% o SEHEHA

al
=
T
£Ho] o]22 TAY F B Al Fuf AeoluFut Huld &
¢ 2
=
[

N

Q.

A9 0§ BEHS BHSRLA glom, ofF ARELEA

A1 O -
7= e o
- SHEI9IE AR
Ot=0| MEHS oI5} H|
pigmeppyy (HCISALAS AR L oz o) 2y
L E LRl
=02y
_ o X EMH™O| XtolM
HlE AT - 22N Ci9le) A ol S
—1 ooco =2
T AMAFEH| DS | FEFLH
sgs - uEl ey enamg gy s e L CERATE 1
= RE JFI=E
A KEE 0183 20124
Nmmery < 1P1S BTN 25 215
Y ussswwsiz 3R R uSBEY TSI ITEL S

43) 252(2000), p. 67.
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=
N2 282, TAYNRIHA 7|1HY 2350 284 B4 NSNS S22, SMtHeil &t

Arefl=g, 2000, p. 67

1) HBHIZHZEN wHE 1

7RE ol 4 E= WE 7149 a&4E Sk WHE F ofv
= @o] AMgEo] 21 Utk 2719 A= FEAAPEH (stochastic
production frontier)oll =AW, o]F EH]|-EH F(stochastic
cost frontier)& ©]-83F A7} ks AFPE Q) 45 SEH]-2H A
A4 HES A EY] 8 A 3EA aTl%E Bl&9tE T

a7Mshe ket 2o

I
]

G = c(wli’w2i7~'~awNi’ q; 5 B)+ €; (IV-Z)

A7NA ¢z 7199 FH8oIH, w,= nHA FA22 71,

= AHET, pe FAGF T B, ' 2G| Bt o()E
o

gi— ~I

44) Aigner, Lovell, and Schmidt(1977), p. 23.
45) 'e5H-2444(2008), p. 46.
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€, =v;,Tu (V-3)

o714 v BEO] &F QXHrandom error)ZA] FHFH(two-sided)
HAHEZL] BAEEWN0,00)E 75, v 7199 vE Hlag
e U= v = 091 I one-sided) BEE 7Yt} Aigner,
Lovell, and Schmidt(1977)°14= w2 X2 ¥HYFEE(half-
normal distribution)@} X~ (exponential distribution)E A|QHs
Rom, o]F Stevenson(1980)2 AT = (truncated normal
distribution), Greene(1980)2 AUHE*2(gamma distribution)& A&
Skl

Al (V-3 A (IV-2) didste] H-89trE oAl Yerdi™ 4 (IV
-4} 2t

G = C(wlz‘awziv---vwma 4q; 5)‘*‘”1"’“1
= ¢+ v, +u;
o714 wZb B BE
cHrve F 7199 FHIE BEA o Boh A2 H4H[EHA
(minimum cost frontier) 22 A% w, 7|H9] v]& H|GE&A w7}
0% B 7192 Han[&HA /A5t H-& B&A9l JHAdZ
L

oF % 9}, ghE AuH o= 4] (V-9 A HolE M 1,9} u,

46) Coelli et al.(2005), p. 245.
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E(v;) =0, (zero mean) (IV-5)
E(W™) =7, (homoskedastic) (IV-6)
E(vw;)=0 for all i# j, (uncorrelated) (v-7)
E(u?) = constant, (homoskedastic) (IV-8)
E(uu;) =0 for all i+ j. (uncorrelated) (IV-9)

Hl& HEEAS YEtlE SEHS o F90hs TS oadt
2 |A A (V-2)0llA4] 33olA12 o] B|-83=g S7gotH 2213}
6,2 FHAA AL €, = ¢, — clwypwyp-wy,, 4,5 S
QAT e v w9 FORE RAHDE 4,9 FHA] v, & T3P
A= €2t 0,9 HEE o]-&stoiof gt} Jondrow et al.(1982)47)+=
SEPAAGT oA B4 v REEES YEHE o9 EEE BHY
RIS} AFEER TPYetal QA €0 Ht v, 2ARSE
29 7197 B HEgE o] &5t v, 9 FHA & Fohes

drgstal Aot & AolM e 9 RER APAFNA 7

i)
2,
o
X
g,
=]
S

44090 QUHS 9 2 AY IS E A 2 A
53 EASHES thef
flu)=fu)f(v)
= exp|— i u? — 12 02} (IV-10)
7T0'v0'u 2 u 20’

47) Jondrow et al.(1982), pp. 234-236.
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A (V-10°14 v=¢—uZ S u 2] ZALED T
i 2

_1u2— 12(u2+62—2ue)} (Iv-11)

20° 20,

flue)= exp

_ %‘262} (IV-12)

A7NA o =0, +0l, A=0,/0,01%, F= eX/oolA B7IE EE
o]

= k. 4] (V-1D)3 (V-12)F ©]-85}o]
cofl et w9 FARSFEULIEE thoat 2t

_ Slue)
f(Ule)_ f(€)
1 1 1, 1, 1, (IV-13)
= o o (I—F) eXp[Mu f?‘Z(u +e€ QUG)+%‘2€}

A (IV-13)00A] 0% =007/ & oW thea} o] A2jgt 4= Uk

1 1

f(U|€): oro. (1—F) P92

w2t Al (V-14)= u =o2e/c’?} of = 0’02 /0" QA HHEAHFERL
N (ueot) 2 RO 4 QL0, 18] HEA o] Tt w0 27
Regenol JAge des go BAY 4 Utk

48) Aigner, Lovell, and Schmidt(1977), pp. 24.
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- f (= /o)

Elule) = pet oo =5 7y (V-15)

L) ()
1-Fl=eXa) o

=0

<
©
Yy
fr
AN
N

|
N
o
=K

A7NA — /o« =—eXo, A=0,/0,°]H

2uo] GEUTYeot FEFAREYSolL. B E T2 w9
ZHAZ AT oo o« 2ARFERRS Hughe
g7 2

(IV-16)

At o g SEH[GHATTEY S S5t YHol= =43
A5 (corrected ordinary least squares @ COLS)¥ ZF|--F3
(maximum likelihood estimation : MLE)°] 0™, =X AR5
IEA7E AL Bol= a4 FHXE Aot 2954

27o] ZrEsttHs AHo] lrt4) olo

o
fr

Aoz 9H 3elA AT BAH HETS
945 245, 24HoR HEHGIA B2E BB 48
L

(moments)& ol§3te] ¥.§ HIEEHE ekt B4 v, & 75

49) =58 - Z4+(2008), p. 51.
50) Kumbhakar and Lovell(2003), pp. 91-92.
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Vi) = [(r—2)/7]0, (IV-17)
E(u3 )=— \/2/%(1—4/77)03“
EE&)=c2+[(n—2 7'('0'12[,

(&)= 0%+ [(r—2)/x] .

E(})=V2/n(1—-4/x)0)
2 (V-18)2 Hl83t4aRE E2d &4 9 2%, 33 HEY

my®F my (m, = 1/n£]e§)% olgste] Aot STt 2o 29t

= = ~2 ~2 =
0'12;9’] _/_‘l:_;gx] Uu,% U'r;% OE]- —/'\— %E}

2/3
-5l
2 \4—n )3
g (IV-19)
~2 ( 2\ ~2
o,=my—\|1——]|o,

2L 5 QAo
1 N
Ine¢; = By + B, Ing, +§ﬂqq(1nqz’)2+ Zlﬁnlnwm
" (IV-20)

1 N N N
+= Z Z ﬁmnlnwnilnwmi + Z /8qlllnqi 1nwn'f +U7» +ui

271:1m=1 n=1
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RI4% 20 ZEfo|LizRte] IR EEA 2

2 (V-200014 87199 0, 4] (V-19)F ol-gato] 243 &Za}
0.2 4 (IV-15)9} (V-16)°1 Theislo] eofl Tt uo] 2R EH ]
gk B Huigho e 42% & gl HFHoz 7 /199 v g
A& (cost efficiency : CE)S th&9] 4] (V-21) B 4] (V-22)2}

CE, = exp(E(uje;)) (IV-21)
CE, = exp(M(uje;)) (IV-22)

CE= 1%E SRz ghe A, 19 ) g 719 o
g AgAolth wetd v g HALHS CF-1E 7T S
]

S F 11671 BEAE Argoto] ZEH&
HAEAYCR /E TEAE B8 v EEAdE AESHATh 4 (V
209 713 ol8Stee A% HlE HEeAY AA B
0.0559, FF=HAF= 0.0103, 54k 0.0325, A2 0.0927=
AFEET B 4] (V-22)9] FHIgHS o]85t9lS F9olle H&
HZ&49 AA B2 0.0135, ﬁtrﬂi}% 0.0156, &3t
A2 0.07642 UEtylth. AAHo R H-& H|@&/do] mfL-
won =2 7t ﬁdi}E AR 2 20 R et Iy HH oY H
g LJAEY HlE &4 ALAA thH] Zfo|7t 3A] E2
Ao EAE It

_

e

51) Lea2d- Z44(2008), p. 51.
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YrES] HE HlEE&gol
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M 4% =4 ZEOHT HIE 28 24

(B 4-4) H=E-2YALE Y| HIZSH(SFA)

Sl (V-21) (V-22) 2GAL (IvV-21) (Vv-22)
2007 0.0584 0.0175 A 0.0608 0.0192
2008 0.0592 0.0188 B 0.0600 0.0179
2009 0.0573 0.0145 C 0.0541 0.0043
2010 0.0551 0.0127 D 0.0562 0.0094
20M 0.0547 0.0116 E 0.0598 0.0178
2012 0.0579 0.0169 F 0.0452 0.0000
2013 0.0565 0.0148 G 0.0571 0.0114
2014 0.0554 0.0135 H 0.0567 0.0105
2015 0.0546 0.0117 | 0.0375 0.0000
2016 0.0545 0.0111 J 0.0642 0.0265
2017 0.0541 0.0098 K 0.0626 0.0235

L 0.0782 0.0530

M 0.0461 0.0000

INEHPRIN RS

3. AI2EtEM

1) XAzZ2EM GHE OF

A7 LZEA(DEA)L AFA@H(linear programming) 7]HEO.
2 AT Atole] ARl B&4S H|wske H| 2, 7
71®Holt}. Charnes, Cooper and Rhodes(1978)520|4 #2922 DEA

gte BAS AR ol 409 97 HE2 AFolM AREEL e

52) Charnes, Cooper and Rhodes(1978), p. 432
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A2 8584 Aty o} FHof st B4 EX(Constant
Returns to Scale: CRS)}Z 743t DEAS] YHHA Q] & EH% oh23 At

min(;v,\Q,

st —q;+ Q)\ >0, _
fz,— X\ = 0, (V-23)
A>0

AZNA 2,2}t ¢ (i=1,...0+= /NE7|4Y BA8 4 BJFT 4=
ZFol, xo Q= LE 7|9EQ A8 A B 4SS UE
+ Yoot &3 o= ZF 74 BEA
Lo, A Ix1 A ¥Eolt) 9= 1HT ZAL
BE g 7192 71ed 5840l 7P =2 A= gttt
= 71o] A9 Fro|A Aot A Tl et B B
7 Adsttt. SRR A A, AF A, |56 AlF 5 o9
200 93 7]}do] A9 FHA FAikst= Aol E7FsSHH
olof Afriat(1972)>3 +H=ol tiet B &9 7S SoRet 429
gt ®¥ < 71 (Variable Returns to Scale: VRS) DEA W& A|ots
2t} VRS DEA ¥ dutd Fej theat gt

min9,A07

st —¢;+QN =0,
Oz, — X\ > 0, (IV-24)
I =1,
A=0

CRS DEA®} VRS DEAE ZtZF 3745kl CRS DEARHREH doizl
71€% 484 (Technical Efficiency: TE)S 2o o2 v|a&4 1}

53) Afriat(1972), p. 568
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M 4% =4 ZEOHT HIE 28 24

< 71ed HBEHoRE Eoido = id 7|94y A5 584

(Scale Efficiency)= &4 < Ut}
TE s = TEyps < SE (IV-25)

ok 2] (IV-25)°] ofsfl 3% 71ed aed2 1Y gt B
Aaet S7HE FESHA Btttk ofof 4] (IV-24)9] I1'A =1 24L&
I'x<1 zAog WA 'c}»;_giui TR dE 9x #ga
(Non-Increasing Returns to Scale: NIRS) DEAE &A% 4 Uttt
NIRS TE %<2} VRS TE @#2 FT Blasto] LAISHA] k=t
S 7192 ROl gt B S7h7F AL AEAS & ATk

4] (IV-24)9] gur#Ql DEA Jei=HH H|lE

Q1
=
7199 8&/48<% &74ot= DEA BHE =& & Utk

min, g w;'z;,
st —q+@\N >0,
z, — X\ > 0, (IV-20)
I\ =1,
A=>0
AA71A wi= i7199 Nx1 BY84A 718 WEo| ¢ = i 7|49
H|- 843} EQIgFe] HEoltt 4] (IV-260°2.28FH 7|99 4|8
a84(total cost efficiency: CE}2 th31} o] & 4 Ut

CE, = w/z, /w; = (IV-27)

A1 (IV-27)9] 7R 7149 v|& 8844 AE CE+= 03 1 Ato]9]
P 7, 12 Hd 3-84S UEhdth mEbA BlE Blaede
1— CEE & & 3l
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2) Mt=EEEN 2

AR EGEAZ o]-gsto] IS vl H|EEAHS AT A=
oIk 2o HE HEEAgY HA B2 01057, BEHEA =
0.0891, %42 0, HHF2 0.3689= AH&= At EH]EHF
29| ARt vEIZA 2 AR XSRS AT A AHH R H|E

|&2&4do] ¢ Yo I=X7 WA A 2 Aoz yeht
=l AelelHErd LIAE] H-E aa/d A=GA vl Ztol7}
37 g2 Ao & BN A v HEEY FHXE A=
SYAPER FLESI] FFH|] HELAS AET AiE T2

(O™ 4-68F (E 4-5)F 2t}

(a9 4-HF B9 dxd HE HELAYY FolE AHHE
(O9 4-3)9] FEHEHAHS o]&3t v& X
ol & #3brh Q= 712 20129 o]F HA FAastE A
Holx it

(O 4-4) ATE BAH|IE H|§84 H3t 50|(DEA)

o
[
o

0.15
|

Inefficiency
0.10
I

005
|

0.00
|

T T T T T
2008 2010 2012 2014 2016

Year

X2 RA A
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M 4% =4 ZEOHT HIE 28 24

EQt AR RS o8t 2YAE BLHE HlEEgolA=

B
A h 7P B8 mE Aol ololA 294} ok P} FlmEn

(B 4-5) AEH- SN K|S HISBA(DEA)

s (vV-22) 2HA (v-22)
2007 0.1080 A 0.1712
2008 0.1089 B 0.1442
2009 0.1398 C 0.0643
2010 0.1331 D 0.1234
2011 0.1272 E 0.0471
2012 0.1363 F 0.0326
2013 0.1045 G 0.1909
2014 0.0027 H 0.1375
2015 0.0815 | 0.0000
2016 0.0805 J 0.0322
2017 0.0703 K 0.0969
L 0.2503
M 0.0892

R KA

Z7bH o SEHGAALAYT AELEA M 3] 42

H|& v §&4 7t o< ATAE E4% 23 Pearson ATA ST
0.6244=2 Yeh} = BEHH0) o3t Ayt Al B& dX|ot= Ao

HA-]QOJQ‘
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CJyi if oy >0 )
o oif oy <o (IV-28)
714 e FARSERA TEo] BrSaEl 4,9 AAGS =35t

th Z ¥]g HELA y A4 209 e M S X ¢ &
22 A4S 09 oz FH=PL 9ugit}. o9} ZL EHL 71K

= A= F9A R (censored data)et 81, ARIHQl IAEFO

2 24E 45 24l tis) YA (inconsistent) FHAE 2HA €

ot A & AT E SEARSY AR d

€5 E8l(Tobit) P2 ol-&5lo] H|-E vlas4 2489 45

AAISHAT.

<:Ti 4-6)= HAA 2 Adol|End YA H|E BlaE/dol
nd Ao faEs 8289 FELS AT Aol

ol A, BEULAVIE, BEJQ sy

goll Ao JFE F+= My HEC] Huld $HA, Y

4o], #F4H| di, C/C B i 5 7HE *3AM 2 3 A

OFO
s
ol

( Olﬁ
I
ofo

ol

%

54) 93-S TN(2012), p. 84.



M 4% =4 ZEOHT HIE 28 24

S HE= st 29 9, A 5 e 234 S48
Hgshe Meee EESIIoH, dERA 2AME, TSt e,
ZJA TA AFAERE 5 U5 7T ARE 82519

(R?) 5 BA%HY ng Az dutxos 6| g HEE
= 12 AESIAT. E2t 39
oA TEZAA (multicollinearity) ZAIE 1st7] Yaf HPE 7 A

AL &5 4% AHEo] ¥ Hee HASEFNA AARH.

ol
ol
rir

T

L
ot
o
il
H
ofl
—~
o

H
R
uﬁ

g

o,

5

@]

S

(@

]

=

o

—t

(@)
&

:i

0.

L2 o

fu
pa
lo
fu
e
A
)
i .
g
4>
(o
o
r—lu: oX

H 4-6) HIZ HIgSd 2YR0 &M 22

= ZiE0|4 M2|ZH(TEV) = AlZH2007'3~20174)

» E0|E ZHE(m?) " SUQATIA(QIAH] 71, A2 744,

= OMHZ0|(m) 2gH| 7t3)

= E1UI"§ or Z0|g Y " EQUQAHIZHIS(QIAL] HIE,
STSHEN(RIRIHDIE:, YTHEDIZ:0)  A=2H| BIS, 238 HIS)

" H"”HIEH¢55) " ME0(ZH1EH))2 HIEH

= C/C ERU=+ m QIX|(F4k1, 1 210)

Hzdow A4 B thaol 4 (V-29)9% 2tk

Y; = By + Br@y; + oy + Baws; + By + By, + Bexg; T e, (N‘29)

55) BN RASIORBAS] At} AE|0|LISE QLR AR I 781, 2012,
p. 1400] C/C 1THEE 51 | O A4S 7 52 oA ALK 9 S| o 2120101 C12 3}
20| Abst
* BERH|LYS: = (C/CHha) + (T/CTH4)/2.5 + (¥/TCH4)/5.0 + (R/SEA4)/0.5 + (Y/C
[}4:)/15.0 + (F/LE#2/1.0

56) & 21701 QI7ib1= K012t AIPBH|o| BO =2 AHE|D] YO, T2tk HZoiel HiES
HZOH/(HZ0H+ RS A3
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z, = ZEoly A= ZHTED) zy = AHAO|(m)
zy = SFBEERETE: L, GAEPE0) 2, = AFAFHLEH)Y vlF
Ty = EEFE[T zs = SHE & A4 ¥F

2. HE Hlg=d 2890 =4 Zit

X (V-29)9] HEFRFOZ EH(Tobit) JHAEAL WA 2

Theo] (& 47T Ttk AE A% §o4 24 A Ry

p—valueﬂ w9 WA Ui BAH R GOt o B
_]

3t AAAS(RY)E 0.64172 JER) HE AAE B4 23o] v
H 24 F4%9 ¥ (variation)s Hl13 & A5l U= A
= oddnh
(B 4-7) HIB HI§8Y 280l &M Aut

= FEX| BEQXt z-SAHE p-value

By 0.0646 0.0031 20.824 (0001 ***

By -5.3414E-09  1.2158E-09 -4.393 0001 ***

By 1.6165E-05  2.6662E-06 6.063 (0007 ***

By 0.0022 0.0026 0.852 0.3944

By -0.0062 0.0024 -2.554 0106 **

Bs 2.9231E-05 = 4.6907E-05 0.623 0.5332

Bs -0.0431 0.0057 -7.586 €.0001 ***

AXH2(R?) 0.6417084

2= p-value®] ¥+ 1%, **i= 5%, *= 10%0M SHHOZ Q0312 22t LIEf,
PNER TN RS
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M 4% =4 ZEOHT HIE 28 24

2500 Wiy B4 Ans Aelstu cheat Lok 34, Aol
Al (w)9] AGE SO G2 7R 1% S5zl 4 S5
ettt ol The wso] leko] TAE o] Itk HY A%
A LAt AelolY] Hefake FAUSE u§ HlEgAel A
ok B 4 glone Aubael AH4o] Reket Aurt mEE Yt

SA), QP Zo](z,)0] AGE FHD e HAIH 1% §52oIA
95t

Jo
o,
3L
id
S,

Ir
Ko
gl
rE
>
10,
ol
1)
o
0,
K
oX,
i)
2
%0
o
K

AR, 294 Euld 29 FHE Evtle HuHa(zy)2] Alee
0.00222 FH =AY SAXCE FOHA] 2 ALZ e

ol ddiEmd wAE Y 2t P FE o] ThE Bl HlEe4 o

: I
Ao, 5% FoeEol ROt Aem YEyH. Ao Rovt
()& HediEz 5898 giv] AHLEH| 9 HFo] 5
H]g HlEE4do] At sjAT = otk A oHEud
=

=
Al A9 9%E Fo) D8 2




Qejolct, B4 Fifo] 2w 2Pt APEAAAS AW 18

FosM 7143 wEAA 4O £ YFT 1§

o A ARAQl 74T B S M Age 17

5 RQGoEs ug Naede ¥E 5 UL Aoz wuEd.
ChAA, B2 Bj4r)9] Al ORI 00 71T

AN L
SAHoR G5t e FoE BEHHYUh ofk Fu] fhse

ot FRIAsst ZAHol|Eudo] A AlA "ol A s

AA = HlFol AR S71SHL e 7R st H(i)el ord
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57) SEHYE(2008), pp. 279~281.
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