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Abstract

Under global climate governance, the multi-objective optimization of automotive supply chains is
investigated, focusing on operational costs, low-carbon emissions, and supply chain resilience. A
multi-objective programming model is constructed with relevant constraints. An interactive solu-
tion algorithm determines upper and lower bound thresholds for each objective function. Interval
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data are integrated to establish satisfaction evaluation functions, while expert-derived weight coef-
ficients transform the multi-objective problem into a single-objective optimization framework. Sim-
ulation results demonstrate that the model effectively balances economic efficiency, environmental
benefits, and risk resilience, serving as a quantitative decision-making tool for multi-objective co-
ordination. The research expands the theoretical framework of green supply chain management
and provides practical guidance for the automotive industry's low-carbon transition and resilience
enhancement. The research findings have expanded the theoretical framework of supply chain
management and provide practical guidance for the low-carbon transition and resilience enhance-
ment of the automotive industry.
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Table 2. Decision variables
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Table 3. Parameters and their explanations
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Table 4. Parameter settings determined for a single location

A BAOFREMHENSHIRE

SH\FTLE ity T4 B T N
d; (4) 8000 6000 5000 \ \
Vi 50% 50% 50% \ \
a, (Jion) 2000 1400 \ 2000 \
b, (Ji7t) 1000 \ \ 800 \
ce, (KgCO:/M) 0.7 1.3 \ 1.1 \
ce, (KgCO/) 0.9 \ \ 1.1 \
ce,, (KgCO/) 1.6 1.7 \ \ \
7, (J70\Ig) 6 3 55 5 35
B (J370\i) 1.4 1.1 \ 1.3 \
X (FE\IE) 300 \ \ 200 \
& (JU\IE) 800 700 \ \ \
v, () 5000 2000 2500 3000 1000
@ (M) 8000 4000 \ 5000 \
7 () 10,000 \ \ 5000 \
M (W) 5000 3000 \ \ \
P 0.15 0.24 0.21 0.17 0.28
P 0.23 0.21 \ 0.26 \
Py 0.18 \ \ 0.21 \
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Table 5. Parameter settings determined for two locations. The left value is the unit transportation cost (yuan/ton), and the right
value is the unit transportation carbon emission (KgCO/ton)

#5 MNERABENSEIRE. AENEMBRMACT/ME)AER RS MBHRE (KgCO2/ME)

A th ity F T a0 B
iy 60\0.4 400\2 440\2.5 360\1.9 740\4
Bivl 400\2 40\0.3 100\0.5 200\1.2 460\3.1
% 440\2.5 40\0.5 50\0.3 240\2 500\3.3
M 740\4 460\3.1 500\3.3 \ \
LW 1340\9.1 1060\7.3 \ \ \
R 2260\18.7 1980\16.9 \ \ \

Table 6. The objective function values after optimization for three different scenarios when the confidence level « = 0.1
F 6. BEEEKE o= 01 =N FRIERMUENRFERE

it fros () * CEBLTTT) fo (X) % (BT 58) fro () * (B4 T 5E)
TEE 1 585,430 94,307 149,380
15 5 634,680 83,783 159,670
1 5 711,450 161,620 145,140
ZA HAREE R/
g x10°
I fcost(x)"
7L [ fsus(x)
[ fres(x)

|

3 f551.23

Figure 1. Comparison of the objective function values after optimization
for three different scenarios when a = 0.1
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1 2

Table 7. The objective function values after optimization for three different scenarios when the confidence level « = 0.9

F=7. BREEKTE o= 09 =AM FEFERMUENERHBIRE

o Frog (X) ** (B F) e (X) (AL T 57) Fr (X) ** (B2 F7)
i 494,110 77,640 130,970
152 542,900 69,911 133,990
TH53 603,130 137,490 121,300
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Figure 2. Comparison of the objective function values after optimization
for three different scenarios when a = 0.9
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Figure 3. Sensitivity analysis of the resale rate of automobiles
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Figure 4. Sensitivity analysis of supplier production capacity level
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Figure 5. Sensitivity analysis of customer demand level
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