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A Study on the Effectiveness of Port Investment: Congestion
Model Approach
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Abstract

The purpose of this paper is to investigate the effectiveness of port investemnt which is
one of the important elements for measuring the port efficiency by using congestion approach
of DEA(Data Envelopment Analysis). Congestion is said to be present when increases in
inputs result in ouput reductions. Congestion approach takes the forms of weak input
disposability and strong input disposability.

Empirical analysis by using congestion approach in this paper identified inefficiencies in
. the inputs including port investment, and indicated inefficient ports like the ports of Sokcho,
Gunsan, Pohang, and Seoguipo which shows the large amount of slacks with congestion
especially in terms of port investment. Therefore these ports should examine the reason about
the inefficiency of port investment.

The main policy implication based on the findings of this study is that The Ministry of
Maritime Affairs & Fisheries in Korea should introduce congestion approach when the
amount of port investment to each port is decided.
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<E 1> FUUER] FEH SHS A4S 2AKE (20004)
gu/py | FTEATS | ddsE [gERasd ) sEAdy | AudEe
(A gH4d) (3) (HE) (€) (%)

2A 2,525,290 108 84,475 117,228,960 72,022
ol A 43,910 75 56,820 120,398,573 7,812
o 4= 9,590 8 3,016 5,352,426 7,812
P 46,249 58 74,277 139,476,251 38,920
o} 4k 3,207 27 14,229 10,411,228 12,358
AHE 5,080 9 19,168 18,205,883 3,132
21 3) 655 1,869 716,570 1,526
Ak 57,457 90 24,772 151,066,573 48,496
AL 3,800 7171 6,335,569 2,119
53 6,456 6,388 4,371,015 3,577
42 9,565 6 896 34,907 341
At 102,926 25 13,869 11,786,792 9,155
78k 7,450 2 1,068 608,463 757
=¥ 49,125 17 6,271 6,480,601 14,864
4= 4,277 4 817 309,608 2,924
¥t 60,782 44 44542 51,133,823 14,153
A+ 2,509 17 3,589 2,487,339 6,499
| AMAX 17,063 5 1,359 607,286 2,369

AE: S F Ay, FEA AR, 2000, s FFAE WRAR.

2) A5 EA H 34

DEAS Rge g2 AFd a3 ddd Iz AAMHJoY, /M g &&He
E_“‘éii% Charnes, Cooper & Rhodes(1978)2] CCR =33} Banker, Charnes &
Cooper(1984)2] BCC 288 & 4 Qit}f. CCRE¥ 2 DEA Ao 7|Engozs g
AAIAARGHES 4749 FAEF 7H5dAC dig dEE /gAY vsol 1€ 23
e dEA, 7 FYPaLre AdEFL JMFAELS 0BG Ade (F EE FY8K
29 A28 4AE nHITE) GES AkxAdste #Hrle tiigde] He AEAFGEY
of FUE ZIEdAN HE IEE JIEFAL vEES HYSAN A A St AP ESA
2} & g (fractional linear programming model)o]t}. 18]35l o] R L ¥

23L& BYZF A
A 7HEFd F(virtual input)9] Ha3} v AEF JFSRAL 7MY A& F(virtual

2 =0
Toes

6) 2ol e AT 482 oo FxshA]7) v
Valdmanis(1992), Banker, Charnes and Cooper (1984), Charnes, Cooper and Rhodes (1978).
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AR EEATH £5% 71¢8 A4S FEHA B3 wde 2w vk BCC ®

g F2anA ALY BP0z 7 ARV AW
4 5g4e PR EEAT £4% 7164 AIHOE FEY + UES Tk

(1) #2320 2 A3Ee 7le 2 FRESAY
2E JAAA G 9 (Decision Making Units)9] HA] #Fd T} H4EEH FYE
W (Y, X)7F A oj2id AAIARGHESY AT L <4 1> o]
3 4 .

F={(Y,X)| Xe YE &% + U} <4 1>

o] W, S E(Pareto) ELA AL UEAIE JAARATNSY JFL T8F
73 7 (efficient frontier)F+= 3= 7] % (reference technology)olz}t 3t} oleidt A&7 7
A= Shephard(1970)ol] ojsix AAIE th&e] $7iA 714S Baz ot

AA, 884 AAe AWHsIY Fo EEA(convexity) 7H8-E& wEA 7T 7]
A, 224 7HHe EF EQED AEE A9 BE #7 o] £3E JAAATGH ) )
A (P xeF oz (P, xPeF ow, -

Ay + (11— )y8, A+ (1 -2, 0<i<DeF 9< ouat) ety o] 714
Az7)%e] FHE HH zPRAEoloor FL ugrkn B 5 Utk

S8, 883 AAE FUSH V28 Af 72 A (free disposbility) 71HE THEA)
t. A7, BY89 ARERE (v e Foln (xP2xMold (1, xPeF 9
dulatm, AEEe) AMRAL (i, xNeF o1 yl<ylam (VP xMeF o
nlgit). o] 71Re RE AARUSE ELA AAAN Wi o R Aoz
& 4 ee ojud

Shephard(1970) Tho] £4EH & Fo] EAsE AL g9 F 7148
AN7le 583 AAS Z4 ARSI ths) <2 2>9 o] BEsYL}. '
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7) 24E, "TDEARH S o83 HEoly ¢ B Hulde A&A Hrld B AFAT S,
g Fistn sk 249 =&, 2001.2, pp.11-19.
o] 191, "Il 8§ %4 DEA, FDH, MalmquistA)4=9] Blw &4, FZAZA A
T 2 A8H A335, kA HA S, 2002.12.1., pp.180-181.
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D(Y, X)=min{6|(X, Y/0)eF} <Al 2>

714, D(Y,X)e &A% Az g4 (output oriented distance function)z}
8 ol AFTFY FAEL 9 vEFH PPozA AFAIYYELE AS HEE
AFE Aigner and Chu(1968)cll <Jsl|A] = At o|F Charnes, Cooper and
Rhodes(1978)= & A&} 7} Farrell(1957)2] 71&2 &&A FAX 9 99 BAE Ze <
2] 3>7 e DEAREE AASIYT

Min 60— SZS, ——ez

x50 i‘ix,,/l 0, i=1,2,---,m

]Z;y,,,-/l,--y,,-o-s;L =0, r=1,2,,s,

A, sT,sr=0, Vi ri <A 3>

A7, A ZZARESS HPAYHEL Yeils Y% (intensity variables)o]
3, e GAAEARES 09 EEAS JeRith 283 s & FYE o FdF(slack
variables), s;& &89 of¥F, e gwrFoz 107°9 FHe e e o=
7 uﬂ11]"L‘*(non-«%\rchimediam) A& ouigith wd FHridigd JAEAZ G 07 A8
olgtd BE offMF EL 00] Hul, w99 ke 10] ek g of Aol
2 WA Atzae “47}'%':—& ANARES Y B&H AANY FHM| AA o g
2989 7R A gelok da, F odA Agzde Frhe A Pee el
NEE A7} AEH AR FRPEG 2 & vk Fe 9w @

o]l Ry e AUE olgs W CCREFoletn ed, M WS HeH AA
7} Ztolol & HFe] FRS FolBd sHgolgte A WA sHHE FrlEA "o
714, 2 F8d gL 0Ht Z od kol dal (Y, X)cF old
(kY EX)eF 7t 49@2 ovjac

8) £YATHA A+E max{6I(Y, X/f)<s Flz a9t
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o] % Banker, Charnes and Cooper(1984)o] 2ajA] A} Wiz 713 & 3o H =),
%o} <4 3>9 2/1-—1013}“ E5(convexity) & FHst= AFxAE Friste 1

2o 9 ¥MFTE VAT ¥ JAAAGY &S EASA
BCCR go)g} 31, CCRR¥ 9 7]&d ALAS
Ao FEY F IUEF TEIFEL.

(2 A=A SZLHY
@® AAZH 239 =3
Byrnes et al.(1984, p.672) AAA2H R¥E ¥y} oFdog Yol Hdgsgdnt
7338 2 84 (strong disposability)o] @ whdd] oj® FQEo] ZUE wf, &L Z
A e AL v (if any input is increased, output does not decrease), <F3
*(weak disposability)o]@& wele] RE EQIEESo] HgHoZ ZUHE Ao,
Bo] 7AdA] g+ Z(if all inputs are increased proportionally, output does not
decrease)s Ut [E 1]2 AP RIS AT dP02 Fola BY F4
o ABCDZ EAIE FHEXEY Lt Holx: AEEHE uE Aidste FUE M
B2A Z¥o] old ¥ PSS B Fvh. L(u)s ¥W=A] EBCDE ®A3 o A

A" F Atk Xlo] FFEWo|gtd, X27t Frtsluets, HEESFF url 4HE A
Vet F#EYE Attt dEEW, BHS Al BE A3 RE HEL IEE H
ZF ukt A3 A e NE2ES AQAeY. G FEo RS THEIE Aol
ZF83 il 23 JEAHL 71sdd Bt HH, AR EHZ:’} 2d3 2A7vs
AL wjAEtE Zol At 1A AAN71ES ABCDE R 311, FYHRANS 1A

W, #3438 7l&< EBCD7} "t A 9g BAGS ZE AHE 8 NNedog vAES

BE
SFE EBCDY <tFo| $x3517) wjFoltt. a3y

Holgh. Ut 28 FINE

Ao} A2r1ge] 278 BohE, 288 WL JeHor wagHody) uge
AR 270 Bk 3, X208 YA HEEl F791, 902 X} FrEGU(R,
XLe B4, 4EEE PasA Sed, 208 4o AALLE ol
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<& X: Byrnes et al., 1984, p.672>
@ A3 23

Cooper et al.(2001, p.228)2 HAALHolF 3 ol EYULALE AAZNE AL

Mol &0l Friachd dAdn Hct oo, & Fga} dEar
08 0. O2T F9 FFoMe AT o).
S7HANZ W, 3 Aol AEES FAAE F Us o
et &, 8 FYPLAaY AE94E MNMAAIA e AE 2A0E Fh

DEAd] 2A% AALFHENL 2 <t ZY0A 3711 2o s A=FHY
A A= Fare, Grosskopf, and Lovell(1985)7} o]&3 2¢A WAZAHR  (radial
measure model)°]t}. &A= Cooper, Seiford, and Zhu(2000)7} ©]-&3F 297 7+ (Ml
HASA)EE oI, AR Cooper et al.(2001)0] AME-3H 2047 WALS A 2§ ojr}.9)

A=A g 5822 2L Brockett et al.(1998)7 Cooper et al.(2001)s] A <}
g o] g3sith o] Bye 4L /W DMUSY SQass A2aszne uE
&4 AAN2AS FA3e Aotk Cooper et al.(2001, p.235)o] AMAg BAAH 2
2L the <A 9 2ok <A 459 BHe EQELAS IUSAIE Aol

g ABNTA Y= A
2, @ Holge) £
A

o
=2
o
=2

9) Cooper et al. (2001), p.230.
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max 5‘..16,
1=
55\10 ixz/‘j 61 ’ ? 19 ’mv
Y = Zlyn/]], Yy = 1"---)37 . <Z~_} 4>
1 = :gla, ,
l—*z(‘;l_’ i = 1, ym,
it BYE, r & A2E

e
o & Y, v AAHZEE FHAE AREYEDF B2 AN 238 &,
9}y, = DMUjS 5487 4259 F

87 iMA EQIEY JeRoz wagAHd &

sitE A £U8Y B 2%

() Furs Aol AA
AEPNe] YANEIAHES BAEe AFE AA, YPESY dY X, F2I0
gk ARt Helth AAEEA gold 3 FEvo] IR HisiA &4 HTEY
AARE Zta e AE gudit. FzEgve] igh ZAZMAClY <R 2>9A T
gito] AEEHOZ HI HMe F2IVY FYFH 4Ea40 FA7HA(CCRE
3 BCCR Y9 Ao A& gty JFA7tA)E 744 g3 & A9 37t
Hojof st AL ujFith <E 2> Yy CCREFO o3 agA&34
F, <F oM E P9 EUYEAY VRSEH 93 Ay, <F e Z
EA% VRSEY o3 A#RE Ho FIU o714 FAATFH|S A AEF
F& FAFHEAN FYFE & FAAA ke RS gy, AEA%Y

7} %
AA ol FYF FFAA JEE FFL FUIse AS IO

10) wetr] FAAFIRP L EYase F4h8} AEAFERYL AEFado] FusE 7
e Zyolgtn & £ Utk F, <] 3>dx 9 R FQlaio] HFE FAHoR F
AZAIZle] B2 BENS] S FH, AEAFRFL FE2as9 HFE FAFHo=
FogA e g agAdWstel $3& T Eoh gepM 584 BEAETAY X7 28R
A g et AAZEHAE Adpore ASAENEAY Jebd 584 FXE B A
WA A7t A FYAFRY S dutyo 2 AAG Uth £ =84 FANFRI S
7145t AFENE A3
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