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Location-routing optimization for joint land-sea

emergency delivery to large islands
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Abstract: Considering some real-world factors, such as material priority, fleet heterogeneity, and
the personnel/material capacities of assembly ports and vessels, a location-routing optimization
model was constructed. This model employed assembly port location, vessel voyage scheduling,
and route configuration as variables, aiming to minimize delivery time. An integrated optimization
algorithm was proposed. It leveraged an adaptive large neighborhood search algorithm as the

framework for the outer-layer optimization loop. An improved simulated annealing algorithm was
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embedded as the inner-layer optimization module. The integration of global and local search was
achieved through an interaction mechanism between the inner and outer layers. The effectiveness
of the proposed model and algorithm was validated through an empirical case study of emergency
delivery to China’s South China Sea region. Research results show that the optimized delivery
time is reduced from 78.52 h to 48. 03 h, showing an efficiency improvement of 6. 54 %-48. 51 %
and a stability enhancement of 10. 77 %-72. 92% in comparison with existing algorithms. Further
sensitivity analysis reveals that vessel capacity, speed, the number of assembly ports, and the
average speed of ground transportation are all negatively correlated with delivery time of the
system, while delivery personnel and material quantities, the number of landing ports are all
positively correlated with delivery time of the system, exhibiting diminishing marginal effects.
Deploying small or slow vessels can significantly undermine system performance. The proposed
algorithm has the capability of effectively balancing material priority conflicts and heterogeneous
transportation resource constraints. It provides timely and robust decision support for joint land-
sea emergency delivery, and offers theoretical implications for extending the research on location-
routing problems in special scenarios.
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Table 1 Ship loading capacity
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Table 3 Numbers of personnel and materials at each landing port
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Table 4 Distances from each support base to the
assembly port km
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Table 6 Maritime transportation plan of vessels for the 1st voyage
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Fig. 9 Emergency delivery schemes at the initial and iterative stages
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Table 8 Comparison of algorithm results
Bk TERETE bR y=0.5 y=1 y=2 y=3 y=4 y=5
SEHF ] /s 58.10 153.72 391. 88 843. 92 1 459. 49 1 602. 14
NGRS SEH5ER /b 46.13 48.95 75.17 96. 42 120. 94 142.55
T4 AR 2/ h 0.26 0.13 0. 24 0.18 0. 36 0.58
S ] /s 83. 26 182.45 532.08 1061.94 1739.24 1.848.13
GA SEHGER /D 49. 36 52. 40 81.58 106. 26 137.17 167.72
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-y 45 AR E 2 /h 0.51 0.48 0.73 0.61 0.79 0.92
MY ] /s 90.75 190. 12 545,33 1092.54 1 780. 83 1.892.45
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-85 R AR E2E /h 0.28 0.30 0.26 0.22 0. 39 0.67
x99 EEMEEE
Table 9 Comparison of algorithm improvement rates %
itz Bt o y=0.5 y=1 y=2 y=3 y=14 y=5
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Fig. 12 Algorithm convergence processes under different scenarios
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Table 10 Model result under different confidence

levels and variances

BARBE K Fa |7 22 o° | BEIRITIE] /b | 5 5RWGAL L]/ 06 | IBATINI] /s
0.10 56.3 86. 4 144.5
0. 80 0.15 58.5 85. 1 144.9
0.20 59.4 84.4 146. 3
0.10 57.4 86.7 144.1
0. 85 0.15 58.2 84.7 143.9
0.20 58.8 83.9 148.7
0.10 57.2 86. 6 148. 2
0.90 0.15 58.4 86. 1 145.6
0.20 59.2 84.9 147.8
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