B8t A48H Als =251 2023, 01, 26
20234 29 pp.215~241 AARIZ Q! 2023, 02, 20
ARHEPEQ @ 2023, 02, 22

https://data.doi.or kr/10.22659/KTRA.2023.48.1.215

o FEZAER7D WsIue] a8d Hot
- 3ch4| DEA 2Y8 Efj=*

Efficiency Assessment of China’s Yangtze River Ports
Based on the 3-Stage DEA

71 A W Xi-Na Ji
F A &** Kyoung-Suk Choi

= At
. A& V. 2 4 At
I, A3+ HuEd
. A Abstract
V. A5#4
' AR

Gk 7 Ao AlstEHA Pagde T Q3bA QA= St Fasy M Est
of Fure] A& 7Hseh /N SR SO A E =7 A EHehe A2 ket
WOk ofu el A 2 AgRe] FH Fatelnh B ATe S USSR 2 A s
FurEe] Aol A dafA| L 31% 5ol 201095E 201797k 2] sidAt=2g ol-gste] e

3 Aol T Y T84S HSE s stk 54
s 7, ohF WUEOR U] ol YUk eA S0 AolS
um Amelsich, 5 2 G9E o] 1o e DEA B4 s Agsto] 584 19

AL v 5 9l A A FAH o) 2] GS AchT wiAIslol Futk AR 5 )
A4S st B4, 194 B8 Bk Aush 394 B8 Bk s TEQ Ag g
EHE Aok YL AASAT, FAH AAE st T BRAN ANSAS. EF 5
Yurge] AEAel AT Pl vis) AEOR S BENE Holw 98 & 4 Ak

(FHO) F2ACE) W3, S duh, Fiassd, 394 DEA

" ol 2023V 290 Ebelale] Ak A5 ] shelsl(Ed - Aol WSS,
S st FeJsky) Bl (A4}, E-mail: sjk950503@naver. com

e ABsty Loslal L (AIAAL), E-mail: koyaku@jbnu.ac.kr

- 215 -




P OBk B488 1R
I. A&

ZAAIA F-ef=Fe] oF 80%x= sl idE= Sl CIFIAAL QUek kS ol@Rt sl
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Analysis)S Aol walE2 A4 g8dof FekS vE 4= Q= 24 22l(Environmental

2
Hm
>

ol
ol

Influences)¥} =A% #2-2(Statistical Noise)S AASTCZH ] AA|Ho|n AHZst 4=
8 AES DS S ATk AR A,
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T AR olsf AE7F A9 olR|R|A] ke =
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al.(2022)> deolElE 7|Hte® gt a54 H7HE 913k Risk-based #-84 H7} g
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A Aqtell A 7 o] 8 A o R A Fef(input) tiH] AE(output)& AlLRRe.
22X AEATHLI(DMU) 9] At aades 540k H|X44] B (Non-parametric
Method)o]tH(Charnes et al.(1978). olof tfsl] 3ttA DEA Wdle- %4 DEAS Hr}
SPIAIR FElmA Hok Adelgt a8 4 Qe W oR Z8E 0L Qlrh 3THA| DEAC
A= A 160l 4] DEA-BCC 2H= 714 7] DEA Wl o galo] ghto] T84 4t
= 5738, 2DP74] Wi SFA 395 o]8sto] €4 gl SAA 5o Ak A
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of FAe =X ET’/P Aol al Aokt gt 384 7k 97 HokLiu and Liu, 2016),
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dleto] (&), EAL (AR <] Adlely & Al2Rl(https://zh. wikipedia, org).

4) P27} A7 URHEEAEOED: $A-GH), FEHGEER), AFEDTOR H9E ey %
Al 28l (https://zh. wikipedia. org).
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X o9Le] Zhang and
o] Tl H, 9l 201017 E
2017714 siddolElE 7HA|aL faa7d
7] HESFATH=HA] 2pHAdo] &gk

DEA H%-2 Charnes et al, (1978)¢f o8| #5 A7l=9lom ARAHTL|(DMU) L] A
A B A B WAl A1 ATl g W O A B
o ayeba) o o] B9 W A% WA Aee S qlrhs S48 /RIkBray et al,,
2015; Jiang et al,, 2012), o]gst EX O & DEA+« T2 AE4°] a84d =4 HFH%EE]'

5} A 23 =R ol (Poitras et al., 1999) thokal gjeloA DMU2)
AA aedS A5 fle esiweh kdutom ARgEo] @41 Qlti(Chang et al.,
2021),

DEAS] 7| olojyjoj= DMUQ| FUS A== WH3lsl= Zlolti(Pjevevevi et al.,
1970), BRAL Foll FUOR BL HHRE AhoR 2YHDE £o8 EEE A
slohs Tgol N 1wBe, x| 9 AR} 28 R Ahglo] ulElojof gk, weby Fel
=0 aed dae A 15T AL Zolof giek(Ablanedo, 2010). 7H de] AME=
= 7] #EZHel DEA HUS CCR¥ BCCHEo|t), DEA-CCR H4le AEX|3F
(output-oriented) oA EH-FE42(CRS: constant return to scale)—% 7138} =
U 79 9 v 4kEe DMUS 7HAH, 5] 5+58] B o5 fAgle] Aol daF
S ux|R ¢komg Ao gLAO 7|LHFEA(TE: technical efﬁciency)% oJujgict
DEA-BCC gle BEQZ|gK(input-oriented) ¥ A 7PH{E=2](VRS: variable return
to scale)= 7Pkl AEAS o] Fs 7] el 9 e svlEaesd
(PTE: pure technical efficiency)¥} a8 (SE: scale efficiency)= x| wHct
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(Poitras et al., 1999). T A|&Fe] 45 a&4 5749 fate A 2014 ool it
H 8= Faxstelr] fsl 24| ARl S 2As) =
Al AL A 9l Fofxl Fel wet
Fo AF mdle e Bl 89 Aol 24 ol
o] AREEITH(Nong, 2022), “Lg¢he] ivtag/de] wet w2 A k== ko]
Fﬂrﬂ]r S W= FUX|EF DEA FA Bhe- ghgeleal 93-S & 4= Qlth(Bergantino et

, 2013).
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AR MRS AHoR DMU A de Bl uiolaal Apgela Sk BHe
At Zeng et al., 2020). ©]o] Fried et al.(2002)+= 37 DEAE ARFslIc), 307
DAL SPAR AgSiel 44 g $A4 Bak el
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7oA A 291S ASIA RN BS BRI B7h ATE AL 4 olrks A
AUt (Niu et al,, 2021; Lin and Lu, 2021).
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1. Hy ME} Xizo| £4

1) H43

BB 201095 2017970 $3 9z 1ok 147 YE GunS 22ke) DMU
2 AOJIAL o5 quEe] AlthA HRA HAS Sl8) R, 4, AU Akt
Zhzte] v A I8 (GE 1ol Bz uieh go] slEe] ARATES Arskit. o
theo] QoA A% WigE SR BEekh Auo|u HES, Rl waRh T 414

Zol, 414 4, of= wA 52 TEHALS
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ooz A)sEo]ud, Gk s Wolels AHHl ReloR WA e, Ee Eelas)
o MAR A4 F9} Zof Fute] g uhefsis k] s|EelmelRA Aute] Fup
AREE A7gsial Adute] Auks AlRite e Shataswd A 2ol ke nAA| Hol gte]
8ol 283%F 992 w|x A HltiHuang et al., 2018; Peng et al,, 2018).
(H 1) MAAFS| £, L=, 24 He
oSS He Y He AE B HgHs
Bergantino k=7, Hujds, 2o . PGDP, Q7
cal | 2B | T Hagem, FEEY, FIEU T8, A
7) WEIE Aok 147 R ST HHEAD), ARGITIOD, REES), FHCIAS), RIRSD), HAC]
D), KHBCHD, #MEEHAD), (D), mE(s), L), maE), BNEAS), ZMEA).
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Al FoR(Li et al., 2022), wheba] 2 Aol A= BiSEA|] thQite] 422E sk §F
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S ol % TRADE Ul wjE A 22Z9] Zof | o
70 T
QA POPULATION gk 9l jo]
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ESESEAR) 112 20861 13565.26 4275 71200
EolH~
Ty T Y
A 4= 112 254.62 199.84 57 910
LS == 112 8892.52 6302.71 1172.40 | 24215.01
A= 112 2.85¢+07 2.71e+07 | 1592756 | 1 34e+08
|=Re: P
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S oE——
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() EEA| Q1) 30.05 57.05 3.3 7
QAE-G 112 159279.90 | 160928.80 321 964690
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Ak 2010E5E] 20179714 8o Sgusel B4 &o) JFS wefslA ok
DEA-BCCReS Zgajo] 43k Al (% 4)9F o). $A 147) ko] WA Ht &
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(7 4) I2Z LISE0O| Moy §8d 24 Z1H2010-2017)

248t = 2010 | 2011 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | Mean
TE 0.312 0.37 0.387 0.412 0.357 0.337 0.397 0.405 0.372

AR PTE 0.371 0.459 0.531 0.534 0.47 0.448 0.511 0.549 0.484
SE 0.84 0.807 0.729 0.771 0.76 0.752 0.778 0.739 0.772

TE 0.407 0.561 0.343 0.28 0.359 0.445 0.492 0.552 0.430

|H|o] PTE 0.502 0.691 0.431 0.343 0.449 0.533 0.56 0.711 0.528
SE 0.812 0.812 0.795 0.817 0.798 0.836 0.878 0.776 0.816

TE 0.206 0.21 0.217 0.233 0.25 0.374 0.717 0.422 0.329

Sk PTE 0.273 0.308 0.382 0.373 0.402 0.505 0.949 0.606 0.475
SE 0.753 0.684 0.567 0.625 0.623 0.74 0.755 0.697 0.681

TE 0.058 0.051 0.062 0.065 0.071 0.072 0.079 0.077 0.067

A Ao PTE 0.077 0.074 0.109 0.109 0.107 0.107 0.116 0.118 0.102
SE 0.747 0.693 0.564 0.595 0.661 0.671 0.681 0.658 0.659

TE 0.41 0.357 0,327 0.309 0,31 0.334 0.373 0.402 0.353

o3} PTE 0.418 0.381 0.367 0.34 0.35 0.369 0.401 0.451 0.385
SE 0.983 0.936 0.891 0.907 0.886 0.904 0.93 0.892 0.916

TE 0.107 0.131 0.062 0.073 0.164 0.178 0.231 0.283 0.154

SES PTE 0.12 0.151 0.086 0.092 0.191 0.199 0.251 0.33 0.178
SE 0.889 0.873 0.726 0.796 0.857 0.894 0.919 0.857 0.851

TE 0.53 0.535 0.633 0.691 0.708 0.777 0.833 0.551 0.657

ZA} PTE 0.586 0.622 0.905 0.918 0.972 1 1 0.661 0.833
SE 0.905 0.86 0.7 0.753 0.728 0.777 0.833 0.832 0.799

TE 0.241 0.228 0.196 0.207 0.182 0.163 0.18 0.174 0.196

AR PTE 0.246 0.238 0.214 0.219 0.201 0.177 0.192 0.194 0.210
SE 0.978 0.958 0.916 0,948 0.906 0.919 0.934 0.898 0.932

TE 0.493 0.558 0.529 0.505 0.498 0.487 0.498 0.468 0.505

w3 PTE 0.494 0.899 1 1 1 1 1 1 0.924
SE 0.999 0.621 0.529 0.505 0.498 0.487 0.498 0.468 0.576

8) FAH UL o1, YA, PALY, LI, AR, RS =T

0) shealuk: 2A9a, Slulolal, AASAY, WA, WA, A4, A A9



HEGRest 5488 H19F

TE 1 1 1 1 1 1 1 1 1
= PTE 1 1 1 1 1 1 1 1 1
SE 1 1 1 1 1 1 1 1 1
TE 0.57 0.582 0.584 0.704 | 0.576 | 0.449 0.44 0.49 0.549
7} PTE 0.58 0.597 0.603 0.723 0.6 0.469 0.456 0.519 0.568
SE 0.984 0.976 0.969 0.974 0.96 0.956 0.965 0.944 0,966
TE 0.25 0.35 0.347 0.299 | 0.441 0.359 0.364 0.293 0.338
ey PTE 0.366 0.483 0.561 0.485 0.655 0.508 0.545 0.456 0.507
SE 0.683 0.725 0.618 | 0.617 0.673 0.706 0.668 0.643 0.667
TE 0.265 0.284 0.35 0.369 | 0.413 0.339 0.358 0.37 0.344
OF2] - PTE 0.276 0.3 0.383 0.389 0.438 0.36 0.373 0.396 0.364
SE 0.961 0.947 0.914 0.948 | 0.943 0.941 0.959 0.934 0.943
TE 0.737 0.759 0.757 0.996 | 0.583 0.578 0.637 0.698 0.718
Ef 2] PTE 0.752 0.777 0.783 1 0.636 | 0.621 0,648 0.712 0.741
SE 0.98 0.977 0.967 0.996 | 0.917 0.93 0.984 0.98 0.966
TE 0.399 0.427 0.414 0.439 0.422 0.421 0.471 0.442 0.429
Bt PTE 0.435 0.515 0.515 0.510 0.535 0.528 0.578 0.499 0.468
SE 0.89%4 0.848 0.778 0.804 0.801 0.822 0.842 0.808 0.824
(E 5) AN 7|&S2H(TE) &9
al=
stat 2010 2011 2012 2013 2014 2015 2016 2017
O -
t= 1 1 1 1 1 1 1 1
|22 2 2 2 2 3 3 4 2
A% 3 3 4 3 4 5 7 5
A} 4 6 3 4 2 2 2 4
A 5 5 5 5 5 4 5 6
Sl 6 8 10 8 10 11 9 9
3| d|o] 7 4 9 10 8 6 6 3
= AL 8 7 6 6 9 10 8 8
w3 10 9 8 9 6 8 10 11
A 11 11 12 12 12 13 13 13
Sk 12 12 11 11 11 7 3 7
o1&} 13 13 14 13 13 12 12 12
EAPSER 14 14 13 14 14 14 14 14
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a&4 g7l fE A TS Holenh w2 =welMe @ 9 )
Aol wheh gt F1l MaeE A4kl f#e] ake HaE IiE fAJ8kal Deap2.1
SIEEY OIS HA] ARG 2 A Q) A Ee] = AR ko] Al &

(& 6) SFA 32N Zut

o LENGTH NUMBER
- Coef. S.E coef, | S.E
Constant Term -8.69E+02 1.00E+00 | -9.16E+01 *** 1.01E+00
GDP 1.82E-05 1.49E-04 -4.57E-06 * 2.75E-06
FOREIGN 1.64E-02 * 1.85E-02 5.64E-04 ¥ 4,63E-04
POPULATION -1.64E+01 . 9.95E-01 3.40E-01 * 2.99E-01
TRADE 8.90E-05 * 9.70E-05 3.95E-06 *  4.34E-06
o2 3.12E+08  *** 1.00E+00 1.11E+05 ** 1,00E+00
A 1.00E+00  **=* 1.14E-06 1.00E+00 *=*  7.80E-06
log likelihood function -3.71E+02 -2.33E+02
LR test of the one-side error 1.24E+01 1.16E+0.1

2 #p(0.1, **p(0.05, ***p(0.001

3) 394 : 24 T DEA B4 Ay

251 SFA B19] Aujo] WE 2 foln BAN e AA F bl 2HE g &
Yh= DEA-BCC mele] £¢] 9 Ak gio] thelate] 2} DMUS| &84 ghe HAlstact,
LEbAI2} 35bA) Aee) gk



T G WS 584 W) -394 DEA mElE Edie

ZF DMUS| J84 1] Heks el 4= qlth. (3 7)oflA] Ha= el o] 1470 ko]
21 0.4290014] 0.421=2 °F7F Yobgal, PTE= 0.4680]4 0.725
& A QI vhHol SE= 0.8240014] 0.567% =LA fAFek o= 2 @uke] PTE
of wlma/dol e4 8l SAA Aol HigE SRtk JLe]al thaate] 9ol

+ PTE7} SEHT} 7] ufZol vk b it 2[2{gjo] o5 7]&ofof hef

52

(H 7) 3| ===l 84 24 Zr(2010-2017)

et | 2 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | Mean
TE | 0.181 | 0.211 | 0.235 | 0.294 | 0.233 | 0.223 | 0.269 | 0.278 | 0.241
- | PTE 0.6 | 0.689 | 0.677 | 0.632 | 0.719 | 0.757 | 0.712 | 0.805 | 0.699

SE 0.302 | 0.307 | 0.348 | 0.466 | 0.324 | 0.295 | 0.378 | 0.345 | 0.346

TE 0,227 | 0.308 | 0.319 | 0.319 | 0,298 | 0,351 | 0.382 | 0.393 | 0.325
SE: B PTE 0.911 | 0.954 | 0.612 | 0.485 | 0.684 | 0.783 | 0.747 0.98 0.770
SE 0.25 0.323 | 0.521 | 0.658 | 0.436 | 0.448 | 0.511 | 0.401 | 0.444

TE 0.115 | 0.118 0.13 0.168 | 0.152 | 0.216 | 0.299 | 0.243 | 0.180
1 e PTE 0.593 | 0.652 | 0.605 | 0.554 | 0.715 | 0.715 | 0.847 | 0.839 | 0.690
SE 0.194 | 0.181 | 0.214 | 0.303 | 0.213 | 0.301 | 0.353 0.29 0.256

TE | 0.078 | 0.064 | 0.079 | 0.083 | 0.078 | 0.081 | 0.085 | 0.089 | 0.080
AL | PTE 0.4 | 0.324 | 0.346 | 0.284 | 0.439 | 0.443 | 0.425 | 0.366 | 0.378
SE | 0.195 | 0.196 | 0.229 | 0.294 | 0.178 | 0.183 | 0.201 | 0.244 | 0.215

TE 0.862 | 0.549 | 0.504 | 0.528 | 0.397 | 0.448 | 0.434 | 0.635 | 0.545
S5t PTE 1 0.875 0.72 0.686 | 0.851 | 0.874 | 0.978 1 0.873
SE 0.862 | 0.628 0.7 0.769 | 0.467 | 0.513 | 0.444 | 0.635 | 0.627

TE 0.144 | 0.154 | 0.104 | 0.112 | 0.185 | 0.205 | 0.236 | 0.286 | 0.178
o)Ak PTE | 0.394 | 0.363 | 0.234 | 0.202 | 0.353 | 0.363 | 0.414 | 0.52 | 0.355
SE 0.367 | 0.424 | 0.442 | 0.553 | 0.524 | 0.565 | 0.569 | 0.549 | 0.499

TE 0.438 | 0.458 | 0.401 | 0.736 | 0.344 | 0.389 | 0.419 | 0.476 | 0.458
ZFAb PTE 1 1 1 1 1 1 1 0.958 | 0.995
SE 0.438 | 0.458 | 0.401 | 0.736 | 0.344 | 0.389 | 0.419 | 0.497 | 0.460

TE 0.392 | 0.294 | 0.264 | 0.289 | 0.254 | 0.219 | 0.214 | 0.226 | 0.269
S~ | PTE 0.514 0.41 0.354 | 0.312 | 0.389 | 0.338 | 0.318 | 0.347 | 0.373
SE 0.763 | 0.717 | 0.746 | 0.927 | 0.653 | 0.649 | 0.673 0.65 0.722

TE 1 0.91 | 0.843 | 0.792 | 0.632 | 0.629 | 0.601 | 0.586 | 0.749
1] PTE 1 1 1 1 1 1 1 1 1
SE 1 091 | 0.843 | 0.792 | 0.632 | 0.629 | 0.601 | 0.586 | 0.749
TE 1 1 1 1 1 1 1 1 1
+= PTE 1 1 1 1 1 1 1 1 1
SE 1 1 1 1 1 1 1 1 1
TE | 0.706 | 0.605 | 0.629 | 0.732 | 0.575 | 0.462 | 0.452 | 0.517 | 0.585
A | pTE | 0.848 | 0.738 | 0.704 | 0.826 | 0.71 | 0.607 | 0.615 | 0.661 | 0.714

SE 0,832 0.82 0.893 0.887 0.81 0.762 0.735 0.781 0.815

TE 0.15 0.218 | 0.173 | 0,187 | 0.237 0.23 0.208 | 0.215 | 0.202
PTE 1 1 0.968 | 0.853 | 0.983 | 0.948 1 1 0.969
SE 0.15 0.218 | 0.179 | 0.219 | 0.241 | 0.242 | 0.208 | 0.215 | 0.209

r
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- Based on the 3-Stage DEA
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+ Abstract

As competition between ports intensifies, port efficiency has always been a hot topic
in the port and shipping economy. Boosting regional and national economies by
improving port efficiency and promoting sustainable development of ports is also a
concern for port operators and local and national governments. In this situation, this
study has the following objectives. First, using panel data from 2010 to 2017, the
efficiency of 14 major inland ports along the Yangtze River was analyzed, and changes
in port efficiency over time were examined. Second, 14 inland ports are divided into the
middle, upper, and lower Yangtze River port groups to compare and review differences
in efficiency levels of ports by basin, For the study, we applied a three-step DEA
analysis method, which evaluated the pure relative efficiency of the port itself by
removing the effects of environmental factors and statistical noise that could affect the
efficiency evaluation and presented the results. As a result, it was confirmed that there
was a clear difference in the efficiency value of the port between the first-stage and the
third-stage efficiency evaluation result. In addition, the downstream ports showed

relatively high efficiency compared to the middle and upstream ports,

{Key Words) Yangtze River ports, Chinese ports, Port efficiency, Three-Stage DEA
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