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Abstract; Land use optimization usually considers the various requirements of different groups, and is a complex many-
objective ( more than 3 objectives) problem in theory. However, it is usually simplified as a multi-objective (2—3
objectives) problem in practice and solved using a popular multi-objective optimization algorithm, nondominated sorting
genetic algorithm-1I ( NSGA-IT). The reasons behind this fact include the lack of cognition of many-objective optimization
algorithms and the lack of effectiveness comparison between many- and multi-objective optimization algorithms. This paper
explored NSGA-II, which is one of the most widespread multi-objective optimizations, and a many-objective optimization
algorithm , namely NSGA-III, which is the latest version of NSGA series. We made an effectiveness comparison between
NSGA-II and NSGA-II theoretically and experimentally, to explore the advantages and disadvantages of these two

algorithms in land-use optimization. In theory, the principles of the two algorithms were compared. The experimental

ESWE 25 0 U R LR G B 40T (2019QZKK0608 ) 5 [ 5% 1 SAFRL 2 FE 4> (42171088,41901316,42171250)
I FE B #5.2021-03- 15; ™ & H KR B #A . 2022-09- 23
# MIRFEH Corresponding author.E-mail ; songeq@ bnu.edu.cn

http ://www.ecologica.cn



640 xR 43 %

comparison includes two experiments, a three-objective land use optimization and a thirteen-objective land use optimization
taking Lhasa as the research area. After the experiments, a four-layer framework with six indicators was used to evaluate
algorithms comprehensively. The theoretical comparison results showed that the only difference between the two algorithms
lied in the determination of population diversity. Specifically, NSGA-III employed the distances between solutions and
reference points, while NSGA-II utilized the distances between adjacent solutions. The determination of population diversity
in NSGA-III was easier to achieve global diversity and avoided the situation of local diversity but global compactness. The
determination of population diversity in NSGA-II was greatly affected by the dimension. When the dimension increased, the
calculation was cumbersome, time-consuming, and slows down the search process. The experimental comparison showed
that the two algorithms had their own advantages in different indicators. Compared with NSGA-II, in multi-objective
optimization, NSGA-III had advantages in terms of the quality of the results and the degree of optimization, and with the
increase of the objective function, NSGA-III will occupy less computational time than NSGA-II, and the effect of population
diversity protection was also improving. According to the comparison of the optimal individuals obtained from two algorithms,
the optimal individuals generated by NSGA-III were higher than NSGA-II in terms of practical value. Therefore, the NSGA-
III algorithm had great potential in the field of land use optimization and could provide more valuable references for
planners. The results of this paper can assist empirical research and provide a reference for designing a more comprehensive

and more realistic land use optimization model.
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Table 1  Areas of land-use types in Lhasa City
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Table 2  Ecological and economic benefit coefficients of different land-use types in Lhasa City

WA it it it K35k B RHH
Benefits Cultivated land Forest Grassland Water Construction Unused
Z:%% Economic 2.11x10° 4.81x10° 8.87x10* 2.28x10° 1.44x107 0
12 Ecological 4371.6 13462.3 3512.6 40679.3 0 371.4
BT Food supply 856.23 337.11 263.68 128.59 519.83 113.08
JEUBHA: 7= Raw material supply 793.84 483.62 380.98 128.16 472.17 163.86
K BRI Water supply 391.27 228.95 211.89 4262.04 136.04 239.33
AR Air quality regulation 2449.85 1693.39 1346.35 453.53 1441.18 602.98
ARV Climate regulation 5739.01 4413.96 3482.11 1129.91 3180.49 1489.38
HEFRBE Waste treatment 2193.86 1543.23 1262.52 666.62 1266.19 672.06
7K 3CIH A Regulation of water flows 4802.12 2923.18 2639.58 48365.11 1681.08 1970.02
+ 32 {5-+F Erosion prevention 6695.56 17431.02 14995.88 1475.24 3368.69 9188.12
4 F5 370 EFR Maintenance of soil fertility 264.57 164.39 130.33 43.93 158.24 55.66
AW ZHEPE Habitat service 2531.90 1867.30 1488.72 571.75 1385.38 669.39
F22E 2 W Cultural & amenity service 1170.42 828.95 661.58 294.32 617.93 300.29
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Table 3 Framework for evaluation and comparison
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Table 4  Values of indicators of the two algorithms

SER U SR Z A i} 1) £E 2% AL R Ly i S R
Quality of Diversity of Time cost/ Degree of Violation of
results results efficiency optimization constraints
S8 — Experiment | 4.1% -10% 0.6% 0.3% 0
SC55 " Experiment 11 -6.3% -5.68% -0.5% -13% 0

XS AT IR 52 BRI , NSGA-TIT 745 5 14 i & AL Ak 1 F2 B2 5 T A5 F NSGA-IL, 1 745
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Fig.3 Optimization result of experiment I
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Fig.4 Optimization result of experiment II
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