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Table 2 Economic benefit coefficient(c;) and ecological value

coefficient(d;) corresponding to land use type J3 76 km™?
TiH #}fiﬁz Rt Hitth, 7RI E&ﬁﬁiﬂz A F HE
Ttem Cultivated Wood Grass Water Construction Bare
land x1 land x2 x3 x4 land x5 x6
¢ 5.58 34.32 4.41 1509.78 10182.27 0.00
d; 111896 5482.01 4086.01 144744.07 0.00 1898.33
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Table 4 Prediction of land demand area for various types of
2

patches in various scenarios by 2030 km
EH e N A% h
we e ERUER
. Cultivated Construction
Scenarios Forest Grass Water Bare
land land
PAERE 171804 99043 456593 5918 21350 26772
SR 171318 103025 454437 6011 20366 26324
ZURSE 172603 97972 455711 6011 21672 27543
WIHRE 172613 97879 455734 6011 21 640 27572
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Table 5 Neighborhood weight parameters table
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Table 6 Comparative analysis of land use area and change proportion under various simulation scenarios

5 A M it i pii¢: AR I F
Scenarios Item Cultivated land Forest Grass Water Construction land Bare
PR current T A /km® 169 808.40 94970.34 464 603.85 5166.45 18 739.17 28192.68
TR R TR /km’ 171 804.23 99 043.01 456 592.83 5918.34 21349.98 26772.49
Inertial development A5k L A5 /% 1.18 4.29 -1.72 14.55 13.93 -5.04
LR TR /km® 171318.20 103 025.12 454 436.52 6011.01 20 366.02 26324.00
Ecological protection A5k L A5 /% 0.89 8.48 -2.19 16.36 8.68 -6.63
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Economic priority A5k L A5 /% 1.65 3.16 -1.91 16.35 15.65 -2.31
IR R T AR /km? 172 613.20 97879.11 455733.52 6011.01 21 640.00 27572.00
Balanced development ARk 15 /% 1.65 3.06 -1.91 16.35 15.48 -2.20
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Fig.10 Front end distribution of Pareto non inferior solutions
based on dual objective function
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Table 7 Comparative analysis of economic and ecological benefits
under multiple scenarios

HiH ‘l“ﬁ‘riﬁﬁ E%&%#‘ %:RFUL% PR ke
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development  protection priority develpntat
ZBRRE/x108 T 11999.82 1174589  13181.04 12223.88
AR5 /x108 7T 7166.68 7 606.28 709292  7257.12
G 2R AR A L BB/ % 2.16 0.00 12.22 4.07
AR R A L /% 1.04 7.24 0.00 232

e AT A HU ) LA S DRI SOR S METH B, AR R AR A Al 2
LA BRI St SO REAE TS

Note: The proportion of economic benefits change is calculated based on the
ecological protection scenario, while the proportion of ecological benefits change is
calculated based on the economic priority scenario.
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Fig.11 The mutual feedback path between land use quantity
structure and spatial layout
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Composite optimization of land use structure and layout in the middle and
upper reaches of the Yellow River

TONG Haiyan® , DONG Xiao'?* , LIU Jiaping® , GAO Weiming®

(1. School of Architecture, Chang’an University, Xi’an 710061, China; 2. Xi'an Chang'an University Engineering Design and Research
Institute Co., Ltd., Xi’an 710064, China; 3. School of Architecture, Xi’an University of Architecture and Technology, Xi’an 710000, China)

Abstract: Spatial development is ever prominent in the middle and upper reaches of the Yellow River in recent years, due
mainly to the fragile ecological environment. This article aims to explore the optimization and allocation of land use structure
and layout for ecological protection and high-quality development in the Yellow River Basin. The middle and upper reaches of
the Yellow River were taken as the research object. The land use, socio-economic, and natural environment datasets were
collected from 2010 and 2020. A composite optimization was carried out on the land use structure and layout using multi-
objective programming (MOP) and PLUS models. Firstly, a multi-objective model was constructed with three scenarios as
objective functions: ecological protection scenario (economic benefit to ecological benefit target ratio of 1:4), economic
development priority scenario (economic benefit to ecological benefit target ratio of 4:1), and economic ecological balanced
development scenario (economic benefit to ecological benefit target ratio of 1:1). The total land area, cultivated land ownership,
and ecological environment protection were used as the constraints, in order to obtain land use structure data under these three
scenarios; Secondly, plugin Markov Chain of the PLUS model was utilized to predict the land use structure data for 2030 under
the inertial development scenario; Finally, 15 driving factors were selected, including population, vegetation index (NDVI),
GDP, distance to railways, distance to highways, distance to main roads, distance to secondary roads, distance to city center,
soil type, distance to rivers, annual average temperature, annual average rainfall, DEM, slope, and aspect. High sensitivity areas
under national nature reserves and ecological priority scenarios were set as the limiting conversion conditions. The PLUS
model was used to spatially position the future land use patterns, and then adjust the trends in the study area under four
scenarios. The optimal configuration scheme of regional land use structure and layout was proposed to balance the ecological
protection and economic development. The results indicate that: 1) There were significant differences in the proportion
structure of land use among the four development scenarios; 2) There was a more reasonable configuration of regional land use
structure and spatial layout under the ecological economic equilibrium scenario, compared with the rest scenarios. The overall
equilibrium scenario was superior to the rest from the perspectives of land use proportion structure, spatial pattern, and overall
benefits. The comprehensive benefit value was 1 948.100 billion yuan, and the economic benefit (1 222.388 billion yuan)
increased by 4.07%, compared with the ecological protection scenario. The ecological value (725.712 billion yuan) also
increased by 2.32%, compared with the economic priority scenario; 3) The comprehensive benefit value was 2 027.396 billion
yuan under the scenario of prioritizing economic development, indicating the highest among the four. The finding can provide
the theoretical basis and decision-making to optimize the land use structure and pattern prediction in the middle and upper
reaches of the Yellow River.

Keywords: land use; optimization; PLUS model; spatial layout; MOP model; the middle and upper reaches of the Yellow
River region
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