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Analysis of emission reduction decisions in low-carbon maritime supply
chains considering government policies and green preferences

YANG Yuchun, ZHAO Nan
(College of Transport and Communications, Shanghai Maritime University, Shanghai 201306, China)

Abstract: To achieve carbon neutrality, governments and enterprises are accelerating the decarbonization process in the
shipping industry. This paper focuses on the Low-Carbon Maritime Supply Chain (LMSC), considering both government
policies and consumers” green preferences. A two-stage Stackelberg game model between shipping companies and freight
forwarders is developed to determine optimal pricing and carbon emission reduction strategies, while examining the impacts
of carbon taxes, government subsidies, and consumers” green preferences on decision-making. The analysis yields three
main findings: First, cooperation between freight forwarders and shipping companies maximizes overall profits for the
LMSC; however, to achieve higher emission reduction levels, both parties should co-lead the supply chain. Second,
government subsidies and enhanced low-carbon awareness produce dual effects: while they help reduce emissions and
increase corporate profits, they may also raise TEU market prices for consumers under certain conditions. Third, although
carbon taxes significantly improve the low-carbon performance of the LMSC, they reduce profits for all participants and
increase TEU market prices.
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Tab.3 The impact of customer low-carbon sensitivity coefficient on decision variables

m =90 000,n =120 000,r =10,i =0.2

& T* R* T, R, T, R, T, R,

0 2010. 1 0.59 3017.3 0.51 3 006.0 0.51 2 671.8 0. 69
1 2010.2 0. 60 3017.5 0.52 3 006. 2 0.52 2 672.0 0.70
2 2010.2 0.61 3017.8 0.53 3 006. 5 0.53 2672.2 0.71
3 2010.2 0. 62 3018.0 0.55 3 006. 8 0.54 2672.5 0.73
4 2010.2 0. 64 3018.3 0.56 3 007. 1 0.55 2 672.8 0.74
5 2010.3 0. 65 3018.6 0.57 3007.5 0.57 2673.1 0.76

R4 BBMRREEHRM
Tab.4 The impact of carbon tax on decision variables
m =90 000,n =120 000,g=2,i=0.2

' T R* T, R, T, R, T, R,

5 2 008. 8 0.32 3007.2 0.28 3 004.8 0.28 2 672.3 0.37
7 2010.9 0.43 3011.5 0.38 3 005.8 0.38 2 672.9 0.51
9 2010.5 0.55 3015.0 0.48 3 006. 4 0.48 2672.7 0.65
11 2 009.5 0. 67 3020.3 0.59 3 006. 4 0.59 2671.5 0.78
13 2007.5 0.79 3024.9 0. 69 3 005.9 0. 69 2 669. 3 0.92
15 2 004.0 0.91 3.030.5 0. 80 3 004.9 0.79 2 666. 2 1.07
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Tab.5 The impact of government

BT A X iR

TERIFM

subsidies on decision variables

m =90 000,n =120 000,g =2, r =10

T R* T, R, T, R, T, R,

0 2013. 19 0. 49 3016.6 0.43 3 007. 6 0.43 2 674. 4 0.57
0.1  2011.86 0.54 3017. 1 0.47 3 007.2 0.47 2673. 4 0. 63
0.2 2010.21 0.61 3017.7 0.53 3 006. 5 0.53 2672.2 0.71
0.3 2008.08 0.70 3018.5 0.61 3 005.7 0. 61 2 670.6 0. 82
0.4 200523 0.82 3019.5 0.72 3 004.5 0.71 2 668. 5 0. 96
0.5  2001.22 0. 99 3021.0 0.86 3002.9 0. 86 2 665.5 1.15
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Tab.6 The impact of low-carbon sensitivity coefficient on profits of both parties

m =90 000,n =120 000,r =10,i=0.2

¢ Uu; U, U,, U,, U, U,, U,, U, U, ; U,,
0 3929865 978317 1966314 2944632 1963093 978330 2941424 1741135 1746877 3488012
1 3931056 978444 1966966 2945411 1963 613 978459 2942072 1741439 1747 418 3 488 856
2 3932270 978574 1967 632 2946206 1964 143 978589 2942733 1741749 1747969 3489 717
3 3933510 978706 1968310 2947017 1964 684 978723 2943407 1742065 1748 531 3 490 596
4 3934773 978841 1969003 2947843 1965236 978 859 2944 095 1742387 1749 104 3491 491
5 3936061 978978 1969 708 2948 686 1965798 978997 2944795 1742715 1749 689 3 492 403

RT BB FE R

Tab.7 The impact of carbon tax on profits of both parties

m =90 000,n =120 000,g=2,i=0.2
' U; U, U,, U,, U, U,, U,, U, U, ; U,,
5 3958745 988475 1979776 2968252 1978835 988 476 2967311 1757847 1759522 3517 369
7 3946385 984324 1973950 2958274 1972184 984328 2956512 1750954 1754098 3505052
9 3936386 980428 1969415 2949 843 1966 566 980 438 2947 004 1744 668 1749 744 3 494 412
11 3928746 976781 1966 173 2942954 1961978 976804 2938782 1738978 1746461 3 485439
13 3923474 973377 1964231 2937608 1958422 973420 2931842 1733874 1744252 3478126
15 3920588 970207 1963 601 2933808 1955902 970283 2926185 1729348 1743 124 3472472
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Tab.8 The impact of government subsidies on profits of both parties

M, 4 O 7 S5 B AR
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m =90 000,n =120 000,g=2,r =10

U; U, U, , U,, U, U, , U,, U, U, U,,

0 3925900 977893 1964143 2942036 1961362 977903 2939264 1740121 1745079 3 485 200
0.1 3928729 978 196 1965692 2943 888 1962597 978208 2940805 1740845 1746362 3 487 207
0.2 3932270 978574 1967 632 2946206 1964 143 978 580 2942733 1741749 1747969 3489 717
0.3 3936833 979060 1970131 2949 191 1966 135 979 080 2945215 1742911 1750039 3 492950
0.4 3942933 979706 1973473 2953179 1968 797 979 734 2948 531 1744 460 1 752806 3 497 267
0.5 3951505 980609 1978172 2958780 1972536 980649 2953185 1746629 1756696 3 503 325
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