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Multi-scenario simulation of land use structure based on dual combined models
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Institute of Land and Resources, Agricultural University of Hebei, Baoding 071001, China

Abstract: Land is not only a fundamental requirement for people’s life, but also an indispensable factor in economic
development. However, utilizing land usually results in changes to the structure and function of ecological systems, which
may have a notable impact on the environment and natural resources. Since the industrial revolution, the overuse and
damage of land has become the main cause of a decline in ecological function and the deterioration of the environment, and
has led to the loss of sustainability for the entire biosphere. Recently, the essential roles of ecological services have been
recognized , and attention has been called to the ecological and economic benefits of related projects. Allocation of land use
in order to optimize its spatial structure of is a prerequisite for enhancing its economic and ecological benefits. In this study,
we analyzed the changes in both the structure of land use and the rules used to determine its functions from 2006 to 2013 in
Lulong County, based on remote sensing data from this period. Logistic regression analysis was performed to identify the
most influential factors and to characterize their inter-relationships and relative functions. The factors identified were
examined by successfully simulating the spatial distribution of 6 land use types in Lulong. Receiver Operating Characteristic
(ROC) values greater than 0.80 for the land use types categorized as: “ cultivated land,” “garden plot,” “forest,”
“construction land,” “water,” and “other land” were observed. Following this, the land use types for Lulong County in
2020 were predicted using the Conversion of Land Use and its Effects at Small region extent ( CLUE-S) model. To improve
both the economic functioning and the ecological services provided by land in Lulong, Multi-objective Programming ( MOP)
and CLUE-S models were integrated. This integration enabled the optimization of the quantity and spatial structure of land

used, through building constraint functions and conversion rules developed using remote sensing images on a 100 m x 100

ESTH . HEAZMERELTH (201411103) ; H 5 5 5 3EANF 5T & BB 98 B 2 H (2005CB121107)
s H #9:2015-03-06; ™ £& H ki B #A : 2015-00- 00

# WIRAER Corresponding author.E-mail; menmingxin@ sina.com

http ://www.ecologica.cn



2 S % 36 &

m grid scale. Comparison of the results obtained with the traditional land use simulation method between the multi-model
and CLUE-S showed that the economic functions of Lulong County could be increased by 12.95% from 2013 to 2020, while
ecological services are likely to be reduced. Because of the increase in areas of cultivated land, garden plots, and
construction sites predicted by 2020, the economic function of land in Lulong will increase, while there will be associated
losses in ecological services ( due primarily to sharp decreases in the water and forest areas). Optimizing the land use
structure of Lulong County using the integrated model created with MOP and CLUE-S may facilitate increases in both
economic and ecological functions by 8.20% and 8.40% , respectively. This predicts greater increases in ecological services
and total functional value than the simulation results obtained with the CLUE-S model alone. Simulated results that showed a
decrease in the “unused land” areas, coupled with an increase in areas of cultivated land, garden plot, forest, and
construction sites confirmed that combing the CLUE-S and MOP models provided improved results than with the CLUE-S
model alone. This indicates that our method has potential to be an effective tool for managing and planning economic services
and leading to the stabilization of the soil ecosystem balance, as well as achieving sustainable use of zone-limited land
resources. This data could facilitate sustainable development of Lulong County’s economy and ecology. Additionally, Lulong
is located within the economic sphere of influence of Jing-Jin-Ji and Bohai Rim. Thus, it is readily influenced by several
regional policies. Increased simulation accuracy would be expected if more detailed and accurate zonal policy data are

acquired.

Key Words: CLUE-S model; MOP model; land use; economic optimization; Lulong County
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FRUSZ I b 2 AR AR B R ER . CLUE-S ARG 6 253 A7 1 . —J2 logistic 1437 ROC
RERES , H ROC RECKT 0.7 A5 B R B2k ; — 2 kappa REUE K, 4 kappa=0.75"" i}, CLUE-S
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Table 1 Transfer probability matrix of land use types of Lu long county during 2006—2013

I K3

%k it bel ity Construction The waters e
Land types Farmland Garden plot Forest land Jand of the land Other land
#k Farmland 0.74 0.07 0.02 0.11 0.02 0.04
el Garden plot 0.44 0.27 0.06 0.13 0.01 0.08
FiHb Forest land 0.20 0.07 0.47 0.07 0.03 0.17
ML Construction land 0.27 0.04 0.01 0.66 0.01 0.02
JK 3 F b The waters of the land 0.27 0.04 0.01 0.13 0.52 0.03
FAlfH i Other land 0.38 0.07 0.17 0.08 0.04 0.26
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A, 17 Fon PR IS B 2 [A] ] LA, <07 FRom ANl DU,

x2 BAZRHARLF AR BRI

Table 2 Transformation rule among various land use types

74 h b
Fee B it o L A SAURRY
Construction The waters

Transformational rules Farmland Garden plot Forest land Other land

land of the land

s Farmland

FEl 1 Garden plot

FRHb Forest land

AL Construction land
7Kk The waters of the land
HE 43 Other land !

1 0 0 0
1 1 1 0
1 1 1 0
1 0 0 0
1 1 1 1
1 1 1

_.,_.,_.,_.,_.,_.
- - o = = o

TTFORFE s LR ISR 0 FOR e A R SR EL, < 17 FOR PIRD R B 2 [ ] AR A6, <07 FR ATl LU 4k

4.1.3 Logistic [AIJH5H7 S K 5
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B, g5F R, I 2013 4F 5] 2020 48k b | el Hb | 215 H M 1 AL 48602 hm* 7261 hm® 11790 hm® 3 i 5]
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FRAE 5 g B 4= A R R L0 1 PE e R |, 3] 2020 AFHF L 2 39684.32hm? A A FRIE X IR R B2 4,
U, BEHb PR B R A

X, =>39684.32 hm’ (8)
(3) MRy sR
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X,=9655 hm® (9)
(4) KIS AR ZY R
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X,=2887 hm’ (10)
() SR RIEAR,
RARUE e Bt 22 P A e RE 8 e I AR /N T 2013 48 0
X, <14842.47 hm’ (11)
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X,=7281 hm’ (12)
(7) EER b2
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422 % Hbr MOP B AIH 2
(1) b pr ek

AR, AT EE R TR T B E L M BB 1Y S B 4% M 2B IR RS A A R
(TR AR, A S SR F IR U 3 A 32 ARt B 7= 0 AR b B = T 0 15 A 491, DAl Lt o A o R 4%
T Ay 77 T Ay R o | R AR 25 AV 00 T AR L 8 R BBORH X AR 5 A A B A ™ (-5 R X A AR
AR BB ) 22585085 RECH 17400 J0/hm?, [R) B 4% BRI 5 VAR R AS B 0B M 2R 3% a5 R4, Fel b bkt |
AV K H e £ #4510 20080 J6/hm? (1310 J6/hm?® 217395 JC/hm’® (1667 J&/hm* 0, &R %0, /5

Je B+ AT RERIA AN .
B(X)= 17400X,+20080X,+1310X,+217395X,+1667X+0X,
(2) T Hb A= SR 55 PhRe A2

(15)

A AR RS I RE AR A RS M E R i R B AR S R GRS IR (3R 3) Al i e B A A

55 () 2 2K (AL : T/ hm?)

C(X)=6236.59X,+13127.66X,+19334X,+378.82X,+98088.71X,+378.83X, (16)
£3 AREBESRGEMEARESRERESMER/ (T hm?a™)
Table 3 Ecosystem service value per unit area in Lulong City
i Functi _ 5 A IR
Uit Functions B I b, b, R Hj‘ K HAl A4
Farmland Gard ot Forest land Construction ~ The waters Other land
—&2K First class 225 Second class arman Jarden plo orest Tan land of the land eran
o2 2
1?’” Hess . e . 902.6 180.54 88.5 180.54 8.98 8.98
Supply service Food production
A )H 90.27 1195.85 2300.60 36.06 0 0
Material
N JEUTI
A H&.% . U . 451.25 1940.5 3097.00 812.28 0 0
Regulating service Gas regulation
¥ 735
Nﬂilﬂﬁ . 803.25 1624.61 2389.10 7924.33 0 0
Climate regulation
KU . 541.52 1805.09 2831.50 16191.68 27.03 27.03
Water conservation
LYY
LS 1480.22 1182.38 1159.20 16408.33 8.97 8.98
waste treatment
‘j; (=} ‘j: iu‘f
ARG PRI 131774 2639.96  3450.90 776.17 18.05 18.05
Support service Maintain soil
pra
ﬁhgﬁ%g# @ . 640.76 1963.04 2884.60 2251.91 306.82 306.82
Maintaining biodiversity
RS PRALSE 2 5O B S A IR AR
d . Aesthetic landscape and cultural 8.98 595.68 1132.60 4463.06 8.97 8.98
Cultural service .
entertainment
A1 Total 6236.59 13127.66 19334.0 98088.71 378.82 378.83

(3)MOP BRIk

FEDNA5 B R FH2E A ) 28 55 D) 6E ARSI 55 D RE LAl |, nT45 1 MOP AR H ARk =R .
Z=max(B(X) A, + C(X)A,)= max[ (17400X,+20080X, + 1310X, +217395X, + 1667X, +0X, ) X, + ( 6236.59X, +

13127.66X,+19334X,+378.82X,+98088.71X,+378.83X, ) \, ]

(17)

. Bk (15)-(17) = Xﬁ"]@ﬁ(ﬂﬂ:X.ﬂﬂ*#ﬂﬁ;Xzﬂﬂﬁ]f@;x_gﬂilﬂ‘ﬂﬁ;X4ﬁ@ﬁﬁﬁi@;x5ﬂ?7kiﬂiﬁﬁf@;xﬁ

o H Al A4

SLI A 3 B DR A A A — P AR DX S P DL BT 2 MO S M A 7 58 B IE B e ELoR Ok
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TAEI R R AL T ARG FIL AR TR B [R5 e R - R FH AR SRR AR kAR
BT S, R AB M A R R A BRI S OB N, =0.47 8, =0.53,

(4)MOP A A2 R

MR R Y MOP AR ALY e 1k 2 SR A A 25 o 25, R lingo AXFX 2 H AR LRI AU HEA TR i, oK
5 2020 4F + M A A S5 A0AR S5 2R o S5 R W A ATZBO R 2013 4F 3] 2020 4FEHf 1l | Fel b | 3235 H
H T AL 5 A 48602 hm? 7261 hm® 9650 hm* (11790 hm* 4% 29974 hm* 8386 hm® 12236 hm* 11929 hm’,
AR A LT3 A8, e sk /> 3] 10187 hm®, 156 HH 78 13 B 18] A A FH Mgk R 1w U & bR s | [l
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Table 4 Transformation rule among various land use types of double model

A 7K,

ey B i i PR $oft 4
Transformational rules Farmland Garden plot Forest land land of the land Other land
Bk Farmland 1 1 0 1 0 0
il Garden plot 1 1 1 1 1 0
FhHEL Forest land 0 1 1 0 0 0
A FHHE Construction land 1 1 1 1 0 0
7K1 The waters of the land 0 0 0 0 1 0
HE + 4k Other land 1 1 1 1 1 1

ATFoR e i LR IR 5 FoR e A A FHZR AL, 17 FOX PIAD R P20 22 [A)A] AR A6t , 07 Fom ANl LU 4k

4.2.4 L HF IR S 25 R 0 pr

1EZ BRI, L 2013 4F A RS S SEa 1 0T S 1Y Logistic [M1JAZ5 5 |+ b A 75K |
A5 R A5 AH DC S A AR R ] MOP AR A28 SR & CLUE-S #5481 2020 4F + M F| A5 5
4.3 PSSR LR

¥ CLUE-S HUBIRIE AL 7 2 N Z AR AL 7 R AL 45 SR b TxF H (N3 5 T 1) AT LR Y e IR 5 i
T A FHAR R S T CLUE-S BRI Ak, B8R + 22 Br D REHR THR K (B KRN 12.95%) , B IIREE LA
BTt B R A SRS TORE(E AN B T 4 DI S b e 22 B e A R B 40 3 T A S 5% ; CLUE-S HuAsi Al
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Table 5 Comparing form of CLUE-S optimization scheme and MOP and CLUE-S optimization scheme

CLUE-S SR fJ AL AL )5 %2 MU R G AR AR )y 52

- Simulation and optimization scheme Simulation and optimization scheme
SR of single model of CLUE-S of double models
Variables

2013 4F: 2020 4F: A 2020 4F LR

Year 2013 Year 2020 Change rate Year 2020 Change rate

Y Farmland area/ hm? 48602 54962 13.09% 49983 2.84%
2] 1 T A Garden plot area/ hm? 7261 7874 8.449% 8386 15.49%
M HLTE A Forest area/ hm? 9650 7351 -23.82% 12304 27.50%
JK IR Y Water area/ hm? 2887 2217 -23.21% 2889 0.07%
A b Construction land area/ hm? 11790 12291 4.25% 11916 1.07%
HoAtb F i E FR Other land area/ hm? 15411 10906 -29.23% 10123 -34.31%
H AT REE Ecological function value/Ji 7T 8741.29 8103.39 -7.30% 9475.85 8.40%
Z2T IREH Economic function value/ J7 7T 35401.68 39985.05 12.95% 38305.16 8.20%

0 7 14 km

I 45
C s O ms e W s ks [0 b

B 1 2020 5% BEAARERI T 105 A L E

Fig.1 Simulated land-use distribution under two models of Lulong County in 2020
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