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Optimization of port collection and distribution network considering
demand uncertainty and inland port congestion

Wang Dan”™ , Yu Songyue, Zhao Yuan
(College of Transportation Engineering, Dalian Maritime University, Dalian 116026, China)

Abstract: Demand uncertainty and inland port congestion pose significant challenges to the efficient operation of port
collection and distribution systems. This paper proposes a bi-level programming model that simultaneously account for
demand uncertainty and inland port congestion. The upper-level model optimizes inland port location and capacity
configuration by minimizing construction costs and congestion costs, while the lower-level model optimizes transport paths by
minimizing transportation costs, transfer costs, carbon emission costs, and time costs. A Genetic Algorithm is employed to
solve the model, with empirical analysis based on data from the Liaoning port cluster and its northeastern hinterland. The
results show that higher-grade inland ports effectively absorb demand fluctuations and reduce congestion costs, while
reducing carbon emissions by increasing the share of railway transport. A maximum regret value of § =0. 25 achieves the
optimal balance between total cost and stability of the Liaoning network. Additionally, a carbon tax of ¥0.5/kg achieves
the best emission reduction and congestion control outcomes.
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Tab.6 Inland port layout under deterministic demand

without congestion consideration
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K i i . 25 IE LS g I 25 s A
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BN SR B, 1 S s A BT RS .

WYL LB R, 7 SRS E 5 TR
AT et 5 178 w2 L 9] e v, 36 3 WD A o s 7 WA oK
eI REAS B2 Bk ™ i 22 o R T, 1G0T )
imfee . S5 IOMXT, TR % ESE T, i
H A I RAIG, S8 2 b e i E ik ia =
3.3 REMESH
3.3.1 &R R KR EA R A0 57

S RIS IEAE 6 FH ity e AR KUK i) 75 2 B2, 0
HBR/)N , IR DR BRORST, J 3 S AN o sy A o
Uk IR 1B O o 25 N5 10 iR, X R, i
6 MO 1352 0.3, FRARI/NME ETHES (1
B2 2.7% ), T T )2 A ) 5 35 B AR (B3 R 3k
20.3% ) . XFPAEALIET 0 XSRS FE B A PR
20 BN (N6 = 0. 1), A5 HY Sy i %k AR s ot SR A 5%
SR K IIRE T, SRS AR SA T,
£ 6 =0. 25 B} RGBT — SUAS [ 2 eIk
B, LGP ABE AR 7 928 o B8 o 17 S5 0 2 (e KOst IR <
25% ) SRR 12 8 A Z R BUSA RCE .

®10 FREWERGESH

Tab.10 Sensitivity analysis of the maximum regret value
BN TIOT
0 0.1 0.15 0.2 0.25 0.3

FEEA 6949 6933 6993 7139 7139
TIZAA 200 634199 933 170 926 159 939 159 941

BRAS 207 583 206 867 177 919 167 078 167 080

3.3.2 BmALMAE R AL

BB 2 2 e a8 Ay AR e HE R ) SR B S
o BRBEmBL AN 0. 1 J0/kg 31 0.9 Ju/kg, S0
Hx sk M LA R R, 7 2 A4 b dn 35 11
I o SRR, B BRBUN RS 9 LT, AR &
RERAT TIHEE A |z k1) A s P L B
B BT I P O 2% iz i R e HE R 2
R TR, BB R N I A A PR R SR
N T BEARIIRE A, i ll 234 B 22 5 I B 5 1)
BRi, K a2 i b 25T 28 N s v 2, DRt 19 B0
FER S EA A A

P2 M DU BE A O 0. 1 f IR ek HE i
JAS R s RBEA 0. 5 I35 O B, HEICR 5. 3%
HAE AT (P A +3.3% ) 5 8 Bi g 0.9 if
ALEE 0.5 B 1. 7% AHAMEE A IE N 5. 3% o 3%

TR BEE O 0.5 J0/ kg Ze A7 I FLBCA B, 2R
BB 1oL 3 W 75 3 SN B 47

R BBOEREES T

Tab. 11 Sensitivity analysis of carbon tax price

BRBLANT A/

o 0.3 0.5 0.7 0.9
(Jt/kg)
¥
%%ﬁﬁﬁ/ 2385 2393 2456 2563 2 586
Yipn
-y
el 20609 20207 19522 19212 19 181
t
PGS % 66 67 68 68
Lt/ %
3.3.3 R & S R AOHE AT

I TE) (L AR RSO e T ey as i i) o JlAS 11452
Wi , 2% SR HE 0 A it ) A (EL AL AR 3 A5 g B A )17 5
7E[0,2 ] J0/TEU - h {5 il P4 3 A5 58 st ] 41 (B 5
BOERINGR 12 PR o Z5RRI 0 i R AU
B S BAR A 22 3URIZ 5 Bt I 8] A (ELHE o
R PR R % B LR s i LA b T PR A b
Pz T B {H 2 A B g o i A R HE T

R12 HEMERBRHFESN

Tab.12 Sensitivity analysis of time value coefficient

it ) 417 L/
(JL/TEU - h)

0.5 1 1.5 2

= A/
T}zﬁﬁizli 171 610 169 642 170 926 173 876 177 269
Jo

RRHE

Iy 19789 19 825 20207 20498 20 863
t

iz mta)/
h

282 275 264 265 262

P il T e
Ee B/ %

3.3.4 FRARBERS ZHREHESAT

KT 5y BT SRANH R e X R i M 45 AR R 5
M) , AR SO SRS 2 3 R AL 6 HFAT T RS
M 255N 13 fifn, 25 R0 Bl 6 ML 0.1 3
0.5, B MAIEK 15% , JERA LT 1.6%
XU A5 SR I S AN N T H0 9% 5 25 2 PN i s ) 35
HEBLAS 3 2 TR BN IR 5| & A 201 67 e 38 20 e B 4™
R AT R AR A
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Tab. 13 Sensitivity analysis of demand uncertainty

disturbance coefficient BT TG
Psh 25K 0.1 0.3 0.5
FB A 4 000 4 600 4 600
P A 2232 2 393 2 431
4 £

ARSCHYHE T — S RUZ BB, X ] o A7 A 7
SRANHRE N Bl s 1 10 11 4R 3 I 45 R A 7 A0
P TR 1) BB 5 T RN E Pk 2 i
Pl A R RS JAR T, L £y 45 R RK A1 194 MU A0 i
HFEARIUSE A , FH308 1 R e az iy HG A97) 14 2 T 4 3
BRAEOR A 52) e RS R 30% s T,
14 S 2 P s T A A SR AL Bl 3 il 1A
EFZERITE 4% LAY, W TE T AR [ 25 B0 1 A
REs3) BRI R E AR 6 = 0. 25 il SEH
ARG R NE Y e I, BB 0.5 I8/ kg I BESE
S CE R IAHE R A4 T RCR

BT ASCA 04, 2 1 DL BOR I — &2
BORF IEAIE 567 T >R B e 19 DX Il 8 e 55 2 1M o
i B B S 5 SRR A IR ; 2
FRREET AT AR e XU i 4 oA BERE P9 28 45 R A AL A e K
TEREL , AR 7 R o 17 5% 408 % 5 e AR 2508 78 g
AR Z AU R A A0 5 — R BRBEAN nl i e, 75 0
SIS LR, AT BB + 1 97
BEBIALH] 5 1 Tz F 25 A4 A 5 DU 5 52 4 ik 1] i fEL
<1.5J0/TEU - h i, 3 3 Al fIg o e #5  FT P oli o
Hh AR ) 2 B A QL R AR R A 5 TR A R 22
DRI AT SRAN S PR e ) X I, Dz e & 3 i
S VR EERLTRFI—5E O B NS B IS RE T, AR i &
SRR ENE
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