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Port subsidy policy from the perspective of multimodal transportation

system
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Abstract: There is fierce competition among port-oriented main-feeder transport systems. In order to improve
the connecting efficiency and coordination between main lines and feeder lines, a model of port subsidy is
developed, considering the competition and cooperation among multiple participants in the multimodal trans-
port system, such as shippers, feeder carriers, port authorities, and main line carriers. Moreover, the optimal
subsidy policies are provided and compared. Results indicate that subsidy policies have significant impacts on
the competition relationship and market equilibrium state. Subsidizing main line carriers improves the market
share of ports and net revenue of the whole transport system. Meanwhile, subsidy to shippers can reduce the e-
quilibrium freight rate. Therefore, port authorities should design a customized strategy for phased development

goals based on the various operational costs of the participants in the multimodal transport system.
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Fig. 1 Multimodal transportation system
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Fig. 2 Equilibrium state without subsidy policy
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Fig. 3 Scenario 1: Port authority offers subsidy policy to the mainline carrier
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1 100 USD/TEU #11 050 USD/TEU, £k iz i i 4 43 7 4500 USD/TEU. 700 USD/TEU. 470 USD/TEU.
S AT (0 T 37 261 7K, 6 B 20T T 2 5 SR o e U 66 s ) 2R

TE 55— FhANIE S 0E T, F 2R AMIE T 2R KIS N, AR KAL), AN HRR A 51 =
ANHE 173 R ARG B 15 0 a0 R 1 ~ R AT 0 BT, DA 2RHE 1 SRR UG S s, 2R A2 AN T 2R M5 335 AR HX
KNG SR 918, F3 AT B — PR UG SR R 2 = AT 2R T3 AN SR UK UG SR, T 7 S 2k ks N e 4+ 354
WG, FLig AT AT &R E il 41 427.5 USD/TEU, X455 — AN TR SHia i RGN T2 &is A
PR BRI, e 0 #4009 228.52 USD/TEU, 18 I EPIRA T, &R s8N #% 4 1 370.37 USD/TEU,
FEiz N g A FEAK 1 57.13 USD/TEU. 1138 fiifE Qoa H 4 150 TEUSE K %4 530.86 TEU, it B 1% ANk
TR B TP G T 37 AR R S HE D T 0 ARG, RIS SRR 1) T 26761 (T I B 23
R4E T, GIREIE R 7 1 142.59 TEU, [F]F, AR SR BN SRS 1) T 2eits 200 S 8310 T 340 A0 23 0l T 1%
1 380.86 TEUHI380.86 TEU. £5 -] %, 25— Flkh I SFEWE 0T FEARAE e NS 560 A S T4 W 1117 37 4 B00F
JE T 7 s A R AR [FBE, ST LR 2 AN T LR 3 SR BZ SRS I, A AL AR A .

#Fz 1 BRINHHHERTS(ERLL: USD/TEU 5 TEU)
Table 1 Equilibrium state in Scenario 1 (Unit: USD/TEU or TEU)

P Poa 9oa Toq oq Qoa

oAU 0 1427.5 1716.67 1050 1383.33 4150
i=1 228.52 1370.37 2.859.26 669.14 1002.47 4530.86
i=2 198.89 1377.78 1385.19 2044.44 1051.85 4481.48
i=3 271.48 1359.63 1264.20 597.53 2740.74 4602.47

E1 pr R R pi R EIRAS A TREN; ¢ | TR TARABIIIIH G Qoq FRNIHLTI FAHY HIEH L.

KUK SRS 5, T3 EAR(TZRA&IE N CZRKIE N T2 I a5 A2 b 5 00 A R 2 BT 7. W6 350 i
RETEAN T, 7T LRGN T LR KRG, T &S N2 &iE NS 38 2 ) /£85.83 75 3£ T
4320753 7T, 19 TLRAEUN RGN I EE T Zekis N R BURMIG SR 0E J5, 70 A s st 386 — 8 132
T+, 43Nz 142.96 750 M56.29 75K 0. N R G K E, B EN33.47 /556, HlRiL25.94%. HH
S, TR LI A F 2 FPIR A (17.17 15 3£ 70) 7 7 H0IR A8 (—36.75 Ji3ET0). Bhl, X TR AME 185 R 4,
BATRI RGN T AR ARIE N &I N T, PLAE i R S S I as A8 A A AR
FERIFRAR. G, 75T 2Rk T3 Ris it R 4ih, T2RKis N U & H42.00 77 36 T % %226.77 T3 3£ 76, XK
B N as f15.54 75 3 6% 285,72 75 32 o0, T2 U a8 H110.50 15 35 0B 226.69 75 35 T, R4 s 4
T 18.37)i %L,

LU, I S o AN ) - 2 0 38 Pt BT AN [ AR S5 X “HMUUS s Eb” $8bnr(aR(3 1)), i T2k
PR IUEMUS SRR () 2255, FE AR ELERAG, TIPS 1 SR EURMUS SRR 1) 28 5 PR 4T

» — Psoq

Ar x 100%. @31)
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DAT-ZRHE 140, 24 1 RO — Pk UG SR mE I, (515 RG0S 19 0 1 33.47 75 3506, T2 LI AR i
an FEoN195.22%. [RJEE ] R, T2 HE2 R0 T2 HE3 I AR Wi 2 BE 230 9162.26% 11180.20%. 4 [ % b =AM HE 11
(AN RS P AR AR T 0, T2k 52 R RNUE 22 5 1 e .

TEEE ME 50T, T3 ERRES T 3 E RIS B AE L3R 3F1R 47K, [RIFE LT 2031 1)is i &
GuRM, X B RS SRS R RCR AT . AR IR T ERIRAS R, s S IZ =4 B~ 1 427.5 USDHI
4 150 TEU, SKHUEE — FhbUs S0 J5, — 3 49 148 1 441.67 USD/TEURI4 433.33 TEU. 48, S £k i i 37
(R s G N, S T 2o BLEEHEIE N BRI, S 4 &i456.67 USD/TEU, A, 61 A4 S At
%41 385.00 USD/TEU, 1t BHFEIz A [FIFF RE 5 DS 1119 55 —FP G S g Hh 3R 2.

®2 BRINTHEFKEERN: 101 USD)
Table 2 Profits of market participants in Scenario 1 (Unit: 104 USD)

e (k=1) m (k= 2) 7 (k= 3) (i =1) i (i = 2) i (i = 3)
oAl 85.83 42.00 80.23 43.20 15.54 27.70
i=1 142.96 26.77 58.14 56.29 5.72 14.07
i=2 69.26 81.78 61.01 27.78 21.03 15.60
i=3 63.21 23.90 158.96 2297 436 37.27

(=1 p (p=2) mp (p=3) n I I3
ToA 17.17 10.50 13.84 129.04 57.54 107.94
i=1 —36.75 6.69 10.02 162.51 39.17 82.24
i=2 13.85 —20.22 10.52 110.89 82.60 87.12
i=3 12.64 5.98 —47.00 98.82 34.23 149.23

E2 s T T P AFRIRF XIS ARG, FLIKIB N SCEKIE AT LU, T RoRisk RS St

&3 ER2MTIHHIEAZS (B L USD/TEU X TEU)
Table 3 Equilibrium state in Scenario 2 (Unit: USD/TEU or TEU)

P Poa 9od Toq Toa Qoa
TeAM 0 14275 1716.67 1050 1383.33 4150
i=1 56.67 1441.67 1811.11 1 144.44 1477.78 443333
i=2 123.33 1458.33 1922.22 1255.56 1588.89 4766.67
i=3 176.67 1471.67 2011.11 1344.44 1677.78 5033.33
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LA, W LRI AR N 7.85 1K T, TR IR FR B AR, I LIRIBFR A, 55— Fiokh U5 S 28R X 4k
& NISCas AR GRS e A R B A W . SR, RIS R U SRS, BB Ak R s DRI 25, 28 DY, MF%%
AN EE 20 51 58.42%, 124.88% FN167.18%, T +2& 7 1 SR 55 — Ff kUG S PRI MUG 285 M i
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KNG SR AT LR B, G BTIE N AN XS B, FE38 A SO e Reis O SEAR, oAU T- ki Axt e ot
B 5 T3 2 1s M 2 G B T 5 03 B SOk SE K, xR T AR GE NS as R R S . AT LA R,
AN LR E NI, 3 175 ST AN S B . 53 A, AN R 3 BORA 7] 77 37 AR A D9 b e Rk, 2%
RALAF. NT-Zerkia N KA, T 2RIz N1 SR AR, Tk NS o 1 B0k, W DA 2k
RO SR IE NG HEAT BB, T-ERIS B, SCE4RIz A S e (RO, 8 AU ROR B 2 2%

®4 BERMTIAE YRR 10* USD)
Table 4 Profits of market participants in Scenario 2 (Unit: 10 USD)

T (k=1) g (k= 2) g (k= 3) m (1 =1) ™ (1 = 2) ™ (1 =3)
ok 85.83 42.00 80.23 43.20 15.54 27.70
i=1 90.56 45.78 85.71 48.20 18.65 31.76
i=2 96.11 50.22 92.16 54.42 22.65 36.87
i=3 100.56 53.78 97.31 59.67 26.11 41.22

(=1 p (p=2) mp (p=3) I I I3
oA 17.17 10.50 13.84 129.04 57.54 107.94
i=1 7.85 4.96 6.40 146.61 69.38 123.87
i=2 —4.49 —2.93 —371 146.05 69.94 125.32
i=3 —1542 —10.31 —12.86 144.81 69.58 125.67
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Appendix Comparison between different subsidy policies
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