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Abstract: Land use/cover change is a hot issue in the global change field, and it is of profound significance to assess the
impact of county-scale land use change on ecosystem service values to promote eco-environmental protection and evolve the
coordinated development of urban and rural areas. Based on CLUE-S model and five consecutive remote sensing images of
Banan District of Chongqing from 2000 to 2020, this study predicted the spatial-temporal dynamics of the profit and loss of
ecosystem service values under land use change in the next 10 years, quantified the effect of land use change on the service

value. The results showed that the dominant land use change in Banan District was continuous conversion of farm land to
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other land types with forest area increasing significantly, and this trend would continue for the next 10 years. From 2000 to
2030, the proportion of farm land in Banan District will decrease by 39.58% , while the proportion of forest land will
increase by 28.86% and will replace the farm land as the most main land use type after 2025. The proportions of
construction land, water area and unused land area will increase by 8.29%, 2.25% and 0.18% , respectively, during the
simulation. Ecosystem service value of Banan District increased from 1.169 billion RMB to 2.764 billion RMB from 2000 to
2020, and would continue to increase till 2030 by 3.019 billion RMB. The conversions of both farm land and forest land into
construction land, and the conversion of farm land into forest land ( especially the conversion of farm land into coniferous
forest and coniferous and broad-leaved mixed forest) are main paths of the loss and gain of service values, respectively.
From 2000 to 2030, ecosystem service value of Banan District will totally lose 0.058 billion RMB and will totally gain 1.909
billion RMB at the same time, which leads to a net increment of gain by 1.850 billion RMB. Changes of land use structure
and the increment of the values of equivalent factors contribute 70.96% and 29.04% of the net gain values, respectively.
The profit and loss of ecosystem service values in Banan District are closely linked to the topography. The values of
ecosystem service in Banan District gradually form a development pattern of lower in the north and higher in the south from
2000 to 2030. The profit and loss of service values in Banan District have significantly spatial autocorrelation characteristics
at both global and local scale, with low values concentrated in the northwestern part with low-altitude, while high values
concentrated in the central-south and southeastern regions with high-altitude. The existing land use pattern of Banan District
can take into account both economic development and eco-environmental protection needs. There is still a need to carry out
ecological engineering continually and design the urban land boundary rationally, as well as strictly observe the red line of

cultivated land to promote the coordinated development of urban and rural areas in the future.

Key Words: land use change; the profit and loss of ecosystem service values; spatial autocorrelation; county-scale
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Fig.1 Location and township division of Banan District
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Fig.2 Comparison of CLUE-S simulated result with the real land—use pattern of Banan District
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Table 2 The equivalent of ecosystem service values of different land use types in Banan District
B iﬁi@&wﬁ% K B KA B My Forest land

pys® Eys® Waper Comtnution - Gused H i
Primary classification  Secondary classification fand fand fand B gy AR FNT A
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Provisioning services  JEURH: 0.50 0.00 0.00 0.20 0.52 0.71 0.43 0.66

KRR 2.59 0.00 0.00 -1.66 0.27 0.37 0.22 0.34

PR S ST 1.90 0.00 0.02 0.95 1.70 2.35 1.41 2.17

Regulating services AR 3.60 0.00 0.00 0.49 5.07 7.03 4.23 6.50

e 7SS 3.60 0.00 0.10 0.14 1.49 1.99 1.28 1.93

KGR 24.23 0.00 0.03 1.82 3.34 3.51 3.35 4.74

SHEISS RR: IS 2.31 0.00 0.02 0.38 2.06 2.86 1.72 2.65
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EMERE 7.87 0.00 0.02 0.18 1.88 2.60 1.57 2.41
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FEA, 2051 K 41.58% \5.26% 4.55% 0.83% F-1.74% ; B i) B — S S FE IR 2T 0, BIB 5 2254 4k o0 HoA
T bR,
22 UOMXAESRGMRSMEZL

2000—2020 4EEL RS X AE S R GIR 45 M (B 1 11,69 2T K 5] 27.64 1250 (32 3) , WIS B Wik K |, 5
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Fig.4 Area changes of different land use type of Banan District during 2000 to 2030
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Fig.5 Dynamics degrees of different land use types and the influence on ecosystem services values of Banan District
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Table 3 Variations of ecosystem service values of different land use types of Banan District
I M Forest land

i G X
/e T oY 4 p v 5 N \ INTT
Year Water land  rAmlandgbRegk BRSO MR R Subtotl

2000 1.11 0.002 4.46 3.54 2.08 0.10 0.40 6.12

2005 1.55 0.002 4.46 4.69 2.92 0.12 0.60 8.34

2010 2.68 0.004 5.7 7.78 7.31 0.46 1.34 16.89

2015 2.97 0.005 4.88 8.63 7.14 1.15 1.31 18.24

2020 3.49 0.005 4.32 9.59 7.17 1.76 1.31 19.83

2025 4.01 0.004 3.82 10.41 7.16 2.29 1.31 21.16

2030 4.50 0.004 3.38 11.14 7.14 2.73 1.29 22.31

2000—2015 25 fk e

2015—2030 25 fk i3t

Variations from 2015 1o 2030 1.53 0.003 1.51 2.51 0 1.58 0.02 4.07

2000—2030 ZE{k. it

4 .002 -1. .61 . 2. . 16.1
Variations from 2000 to 2030 340 0.00 o8 76 306 63 089 6.19
x4 BERARRBESRERSNESNS/ 0T

Table 4 Variations of different types of ecosystem service values of Banan District

EERANE Feomsen Smice\s ALY 2000—2030 2 fk i
s iﬁiﬂé 2000 2005 2010 2015 2020 2025 2030 Variations from
Primary classification i ﬁczion 2000 to 2030
ML RS ' 1.42 1.45 1.95 1.72 1.58 1.45 1.34 -0.08
Provisioning services TR A 0.43 0.50 0.83 0.83 0.85 0.87 0.88 0.46
KL -1.73 -1.67 -2.01 -1.63 -1.34 -1.08 -0.85 0.87
PATRS SRS 1.72 1.95 3.14 3.08 3.12 3.14 3.16 1.44
Regulating services B 2.43 3.12 5.89 6.18 6.60 6.95 7.26 4.82
IELRTN 0.76 0.98 1.84 1.94 2.09 222 2.34 1.58
KSR 3.68 4.28 6.86 6.90 7.20 7.48 7.74 4.06
SRS RR:ISH] 1.22 1.50 2.70 2.79 2.94 3.07 3.18 1.97
Supporting services ERRFR MG 0.25 0.27 0.40 0.38 0.37 0.37 0.36 0.11
72303 1.04 1.35 2.51 2.66 2.88 3.08 3.25 2.21
éi fﬁimm FeF M 0.48 0.63 1.17 1.24 1.35 1.45 1.53 1.05
it Total 11.69 14.36 25.29 26.10 27.64 29.00 30.19 18.50

2000 4F- L g DRIl o 2 0 P34, A 4 IX AR S R GE AR 55 [ S B R 38 50 11 28 [B) 43 AT A Jm , A ALK 3R K
TR Rk 37 LU RS R GRS AR . Bl I TR AFERS | SR b i J ) e 1 DO b A0S 3L g v 5
DX b2 Ak oA A FH i A 2 R e M 55 (IR A X P B ) 28 2 A VR ) g i 1) v S ALtk . Rl i
DX AR S AR T S AR 8 v 4 L DX K T R Ak A DA A 2 B M, (5 A 2 R G IR S5 M (L S 38 , it
X AB RGNS BB ik 22 2 B (8 6) . IRRMESBIERER (K 6) , Bm XSRS
ST 25 194 )R Moran’s 1 3880 P G435 K 0.6077 ,0.001 , i BIi% X 2L A R G IR S5 M i 25 2 0 0 B 35
BIIE 25 18] [ ARG, #7RF rE X R 25 b 210 78 B 3 — 40 A 2, JH 10000 VA 4 A 0K b 4 4 A 00 A 40 1
A RGNS P (B YR s 2 e 0T A 26 V0 M0V 35 4 o8 1 28 306 AR R B | SR 1 3 A5 Bl X SR < AR 1%

{7 B RFFAE AR 5L (B 7)) 5 RS R G IR 55 (646 4
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Table 5 Profit and loss matrix of ecosystem service values in Banan District from 2000 to 2030
2030 4E + iR FHZEA! Land use type in 2030
2000 45 - 1 F| SR B A .
Land use type in ;(;Oj(): K Cﬁfﬁtij(@)‘n AR B it att
Water ) dl Unused land Farm land Forest land Total
an
7K Water 6375.34 209.04 6589.64 19227.40 534.16 32935.58
A% H# Construction land -26.45 0.00 -3.25 -4700.01 -490.62 -5220.33
KA FHH Unused land -26.29 0.48 0.41 -441.42 -123.58 -590.39
#FHb Farm land 0.00 0.00 21.42 12405.56 -4.58 12422.40
Fi3b Forest land -12.36 0.00 146.61 110389.13 34955.22 145478.60
AT Total 6310.26 209.52 6754.83 136880.65 34870.60 185025.86
*6 BERESRERZFNERZLF/AMEX
Table 6 Global spatial autocorrelation of ecosystem service value profit and loss of Banan District
4 J5) HAH2E Global spatial autocorrelation Moran's [ Z P
2000—2030 XA AR E 04
030 FERKES R R i . 0.6077 204.8 0.001
The profit and loss of ecosystem service values in Banan District from 2000 to 2030
20004 20054 20104 20154E

HIJESV/(J576/hm?) HIJESV/(J5I6/hm?) HIJESV/(J576/hm?) HIIJESV/(J5I6/hm?) N

W 426 7 143 W 463 T01.56 M 695 1234 M 673 0227 A

WMo W1 WMo WN205 o 308 WMo W29

0.02 B8 125 0.02 M135 0.03 B 2.03 0.03 M 1.97
032 Il 1.88/ 035 IM2.04

20204E
HI¥ESV/(J576/hm?)
M 673 W 227

WMo 29
0.03 B 1.97

20254F
HIIESV/(J576/hm?)

M 673 227
WMo MW29
0.03 I 1.97

0.53 M 3.07

20304F
HIHESV/(J576/hm?)

673 227
WMo W29
0.03 I 1.97

0.51 Il 297

2000—20304f
ESV#i3§ /(5 76/hm?)
B 426206
N -2.05—0.13
0.14—233
I 234453
W 454674/

A%

6 2000—2030 FEFHRMHESRERSNEZT AL HIRFRIAE

Fig.6 Spatial distribution pattern and the profit and loss of ecosystem service values in Banan District
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Fig.7 Local spatial autocorrelation of the profit and loss of ecosystem service values in Banan District
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AT ] R DX B S 1) A8 A R A R AR 82 e Ak o At = R R 2 780 | 6 T 34 H R B SR A RS 2R T+ 2030 4
[0 i DX AR AR T A0 91K 6.64%10%hm? 9.13x 10 hm? , 745 ( T B X B o Vs 4 1 45 22 N4 1
FIFH BARFLRI (2006—2020 4F ) JHHE 75 58 ) X 7k A FEAR A AR 2145 (4.66x 10 hm® ) A &0 (1.97x 10
hm? ) (TR , 2% AR AT R 34 Je oA ok B4 i X b 1) FH A8 Ab T 5 2

LT CLUE-S BB GPRE 40 RUEE - ) AR J5) AR MERRASTHOL , AN BE A AR5 R ok AR 28 R GE IR 55 i Ay ot A
b, BT R 7R A [R) A b ) FH 2 78 % TR)— b A P G b 2R 1 A 3 R G IR S5 M (B 25 19 25 ) 43 5
2000—2030 4L R X A= A1 FHZ5 A 2840 R B AN B KR 13.13 42T, S #2119 70.96% ; 111 4 2 A - H
FEE M BTHR T 2519 29.04% , R XA S R GRS M E B 25 S HOE B G, B R GRS M (EAEVE
VT A b Xt 25 SRAEL T T ) L R B b 2 A oAy e 18 P e 483 2 2 S TR , T 7+ e 8 B 4R e e T A e DX ) o 2
I 27 L Ry oA T B 8 o O (40 i A A R AR S RO b 38 S B B 2 A A [ 2 ) ARG . IR EIR]
HRB ATk T & e FBUE S R GRS IR Ea0di 0 B s B R RS B R X 5 P R i ke, (H bR
T FR A R MG AT 32 X AR 28 R G IR 55 (3 2 s e T L 2 SCOANAN R R sk 25 JLATE (] R SR bR i R 47
TR BAR AR TR (4 S0 BB AT SR i Ab 5 A A ISR AR iy i 58 T FLARL 136 P B AT - b R & R A X
RERE I T A e A S IR BT A3 W T AR 752K

B0 TN K S Bz b e RO Ak B30 a0 A Jay I A 4580 8 I rh bk vl R/ INanl B ) I i
IR DT« — XA HE” & A Jmy R A v B i X IR vl X 22— TR B2 O & il & Tl X
Z— MRIEASCIAF SR AT NLAF 3 AR IZ X Rk 25 [l A Jay , DAAS SR 5 B AR R - (1) M3
PGS R Sl DX 7 88 v 8 A A Pt r) AR PSR B - BN A3 o P e i 5 L sl G ol /K Sl B b 45 A S R
SRR S5 A (R (L DX PR 7 b 55 4 R0 8 AR T L 348 e v O 3k T 25 AR 3R BE T 5 (2) T RV A 8 v 1) b X Ak 5

http ; //www.ecologica.cn



3392 JAE = 41 4

PEATIR BRE MRS AR 25 040 TR AT I ARERAL N AR 408 X B (8] A= S PR IREOR 4P A IR B IIE (e a2 X I 45 o
gt (3) W TPt iR s/ 22 5 R B A = e 55 s |, [ M5 2™ sP R B AL 2 1 Yo HoR
& R AR B B 22 4 R 2 7L DR R -5 Sl & DRI E & R

ARSCJRFRIE T2 AL F LAUR 3 AJ7 iz (1) CLUE-S MELUS BB M T4 B0, BT BY Logistic
A CVE g e RSN iR S U EIUESE i PSEN U PSP R I K R Puw i e 9 e o LRI DE oSt e oD v
HLI SR 5 (2) o T AT SRAS RS By i i R AR SCR R T A 2B 25 R GE MR S5 2 ek X F 22 T (L 11 2%
b ATBEE ] 2015 4F A2 5E I BEF T T 22 AR R AR 28 R G IR 55 i (RLARRA S i il 5 (3) 304 J 24 iy e 3
X AR R IS SRy AT 0N , oA BE i 20 b b MU PR St AT 0 UV A o 4 Jn 7 BN S ER A AR 25 &R
GEMR 5 N (AL AR R BEA TS AT A, [R]IN FARFE 25 2R AR 28 R G SIS ufi AR IR 22 Y 1 AR IK S 2K 54
SR, BCE 2 R0 R AT RN, SR X o0 - R P AR A i R S AL B ORI SE B R A S R G IR
TA L Z T A 25 R G IR 55 A5 B R] OG &R R

4 it

BT MR AR Ak & CLUE-S BB RT DL EDUITA I 0000 R ok ELIUR B AR 28 R e MR 55 (40 4 i 25 B 2
2000—2030 4FEL g XA S R GRS E R 0.58 127T B3 5 19.09 127T , i #5 18.50 127T ; b A FHZ5 1
AR AL AN B RO (B T i 43 ) BTk 1 v 25 09 70.96% A1 29.04% , ik bR Ak ok i A R S B IX
S R GRS M B 0 EER AR | MR AL R R R AR S R G IR (e 25 . R XA B RS R S5
B0 25 -5 1 W 25 DI AH DG, 22 00 9 A [ 4[] Y AE DGR R XA b ) P & R A U RB AR AR IR 42 UF &
Jo R A AS R BRI W 7 T T R AR R RATY T S AR AS TR A BERLRI 17 P A S BT 2R LA ST PR IX
BRI RS R R,
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