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Effects of Land Use Change on Spatio-temporal Evolution of Ecosystem
Service Value Profit and Loss in Irtysh River Basin

Luo Wanyun'®, Sun Hui'*, Zhong Fanglei®, Rong Mingqian'*®, Wang Fubo', Zhou Yang'*®, Dai Lizheng'"’
(1.School of Economics and Management » Xinjiang University , Urumqi . Xinjiang
830046, China; 2.School of Economics s Minzu University of China s, Beijing 100091, China ;
3.Center for Innovation Management Research of Xinjiang , Xinjiang University » Urumqi » Xinjiang 830046, China)

Abstract; [ Objective] The correlation between land use changes and ecosystem service values were assessed
to provide references for formulating appropriate land intervention policies. [ Methods] The five-period land
use data of the Irtysh River basin and the CLUE-S model were used to quantify the temporal and spatial
variation of ecosystem service value profit and loss under land use change. [ Results] @O The conversion of
grassland and forest land to other land continued from 2000 to 2018 in the Irtysh River basin, and the
cultivated land area increased significantly. By 2030, the proportion of arable land in this basin would increase
by 4.92% (from 1 502.48 km?* to 4 070 km?®), while the forest land area decreased rapidly by 7.18% (from
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7 547.26 km® to 5 424.36 km?). @ The value of ecosystem services in the Irtysh River basin increased from
51.816 billion yuan in 2000 to 183.244 billion yuan in 2018. By 2030, the value of ecosystem services would be
in a fluctuating downward trend (177.786 billion yuan in 2030). @ Forest land and grassland were converted
to cultivated land, and the resulting loss in ecosystem service value in the Irtysh River basin was expected to
reach 10.880 billion yuan, followed by grassland conversion loss (3.439 billion yuan) > forest land conversion loss
(2.849 billion yuan) >> water area conversion loss (1.831 billion yuan). @ The spatial distribution of ecosystem
service value gains and losses in the Irtysh River basin showed a pattern of “high in the north and low in the
south”, and the value gains and losses showed positive spatial autocorrelation, both globally and locally.
[ Conclusion ] Human factors led to the occupation of a large amount of ecological land, a decline of ecosystem
service value, and significant spatial heterogeneity of profit and loss. It is necessary to undertake further

effective ecological protection and compensation policies to promote the livelihood transformation of farmers and

herdsmen, and to reduce their dependence on the natural environment.

Keywords: land use; ecosystem service value; spatial pattern of loss and gain; Irtysh River basin
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Ik #2000 A 7.74 A TG BN F] 2018 AF
52.9744.76 , T Bk b A 25 R G R 45 (51 2030 4F
KF) 76.13 {470, MHLAER RERS M (E1E 2018 4F
KB e KAH 346.38 1470, ML 2 W FE AR 2 2030 4FE 19
256.24 1070, WA RGNS ML TR K
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HLF] 2030 AEAJ K 1 059.89 {270, AKBAES RS
R %8 H 2000 4E 1% 25.30 {2 IC 14 0 3] 2030 4E 11
100.57 4276, MR RGNS M E H 2000 4F

1 0.02 {2 o F] 2030 41/ 0.28 {76, KFIH +
Mo 2000 4R 72.93 /270, BN F] 2030 4FE ) 284.76
feIe(E 4,

R4 FRFHTRE 2000—2030 EEFEZHZRSHETL {27t
i B st M H oM K R A A 4 b Nt
2000 7.74 129.70 282.48 25.30 0.02 72.93 518.16
2005 17.65 221.04 523.02 46.93 0.05 135.97 944.65
2010 33.18 319.65 827.70 75.06 0.11 216.56 1472.28
2015 48.58 366.21 1 046.76 95.77 0.17 275.73 1 833.23
2018 52.97 346.38 1 055.91 98.14 0.20 279.19 1.832.79
2025 62.42 293.77 1 058.40 98.79 0.24 282.46 1796.09
2030 76.13 256.24 1 059.89 100.57 0.28 284.76 1777.86
2000—2018 45.23 216.68 773.43 72.85 0.18 206.26 1 314.63
20182030 23.16 —90.14 3.98 2.42 0.08 5.57 —54.93
2000-—2030 68.39 126.54 777.40 75.27 0.26 211.83 1 259.70

2000—2030 4E Iy & KRB R G M5 M £ B
IERK GRS, PR SCET N AESRERS
WK L 153,27 {2 eI K B 553.79 4400, Hik
R« 2 AR (149,75 f278) =>4 W) 2 R 1
(131,11 4270) >S4 (127.67 42 70) > Erfb 3R 58
(112.65 4270) > M 47 (118.81 4278) = /K ¥ 5 {1t
Y5 (75.33 f¢70) >3 2E 5 M (68.32 {2 78) > kA4 7
(37.42 470 > A 7= (33.77 1L 70) > 4k +5 37 43 1

SR, F 2000 4F LUK, BR T & W4 7™ /K B8 6 4t
BN HASREBRGERS EH K BRI RAE —
BRESE UH A 2015 AR RUE AR (12,24 1250) .
JEOREA P7 G > 11,24 4278 A W 22 B 1k 2 15 Qb
8.61 4270 . HEARFE Q2> 6.91 42 70) A A AT (il
797470 L T B R IF S b, 1 X — 4
) = 2 JECER AT BE SR P T R AR A R S A L T i
B A P A 5 2 1 T T bR i A 52 28 4 D Ay

FR(11.65 1270) , KT R E RGP IR S50 T R

RS FRFUARBELESEERSMNE f¢7t
M 55 2 74 2000 4F 2005 4F 2010 4F 2015 4F 2018 4F 2025 4F 2030 4F  2000—2030 4F 2015—2030 4F

gy 11.16 20.91 33.49 42.85 43.54 44.34 44.93 33.77 2.08
A MRS R OB 2247 39.57 59.43 71.13 69.31 63.81 59.89 37.42 —11.24
KW 27.36 50.60 80.08 101.27 102.29 102.42 102.69 75.33 1.41
Kk 52.15 93.71 143.81 176.20 174.33 166.77 163.96 111.81 —12.24
. S & 55.64 100.50 155.15 191.28 190.10 183.52 183.32 127.67 —7.97
VA i Btk 42,93 78.94 124.21 156.15 157.20 156.07 155.58 112.65 —0.57
K 3¢ 153.57 282.38 443.92 557.69 560.54 556.44 553.79 400.22 —3.90
+ . 61.48 112.20 175.02 218.13 218.10 214.10 211.22 149.75 —6.91
TR 4k FE 4.69 8.58 13.41 16.75 16.77 16.52 16.34 11.65 —0.41
¥ 55.75 101.35 157.48 195.47 194.99 190.23 186.86 131.11 —8.61
ARG % 2% 30.97 55.91 86.27 106.31 105.62 101.87 99.29 68.32 —7.02
4 it 518.17 944.65 1472.27 1833.23 1832.79 1796.09 1777.87 1 259.7 —55.38

3.3 MIRFHIAREAESRERENERERZETL

20002030 4F, it 3k AE 8 &R 48 Mk 55 B 4% 0 (B
263.97 ALTC , B Hb e 3 Ry Mk b (13.74 A270) o Bk b 5 6
R (26,61 420 , B b e 5 S AR b (85.66 12T0)
T R K B8R (13,87 A2 T0) o A ) A M 46 o0 A
HiL | A K 38 (40,16 {290 .41.82 1276.21.87 4470)
TR e 3 Ry M (16,89 A2 70) , K 3 e ol R A A £
H 18.31 /476, 2000—2030 4, i A4 5 R G IR 55 1

B4 25y 108.80 42 7T , H: v i b 5% 46 Sy oK R T+ M
PR B K (34.39 4270, i Ee 135 3] 31,61 %6, Hak
S PRl e o B M (28,49 42.50) L T 7 L] 26,18 % .
TR 2 AR UG 40 o0 R R £ 4 (18,31 2 70) . Ir o Lt
il 16.83 % . /R FF Wil i 4k 2 25 2R G0 R 55 (i B4 34
(B 32 R Y5 At A b 28 R [ Ak R R A 45 T
% TR R T PR M | LA R K 3 e H At A b 2K 0
A7 Bt 480 7 35 o (L 4
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K - PR R

542 %

HHESV/(FT T « km™)

[10~0.024

[10.025~0.457
[ 0.458~0.672
[ 0.673~1.017
I 1.018~1.746
I 1.747~3.895

HWIMESV/(F T - km™)

30~0.071
[10.072~1.334
[11.335~1.967
[ 1.968~2.970
I 2.971~5.100
I 5.101~11.372

HHESV/(F T + km™)

[10~0.091
[10.092~2.503
[12.504~3.779
[ 3.780~6.490
I 6.491~9.150
N 6.151~14.470

MIESV/(F T - km™®)

[10~0.091
[10.092~1.868
[11.869~3.779
[ 3.780~6.490
B 6.491~7.525
I 7.526~14.470

B4 HRFHARBESRERSNE(ESV)ZEBSHIEH/RIRE

e

2000—20304

HIESV/(FIT - km™)

[ 0~0.045

[ 0.046~1.245
[ 1.246~1.879
[ 1.880~3.228
[ 3.229~7.198
I 7.199~7.199

WIESV/(ATT - km™)

1 0~0.090
[10.091~1.685
[11.686~2.483
[ 2.484~3.749
[ 3.750~6.439
I 6.440~14.358

MIHESV/(F T - km)

[10~0.091
[10.092~1.698
[11.699~2.503
[ 2.504~3.779
[ 3.780~6.490
I 6.491~14.470

MMESV/(AE - km™)

[1-3.803~-0.153
[1-0.154~1.205
[11.206~2.064
[ 2.065~3.782
[ 3.783~6.000
I 6.001~14.444
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2000 FH/RFMRBASRZRERES M EEH EMEMSAAERESZEH B (- 5, HwRES
H 55 R Y8 5] G a3 Ta) 43 A, A0S T B 558 v B BT 2K 2% 1 & [ R B R, RMAEASEERSNMEBRZEES R
BAEBRGER S M EE S, F 2018 45, #h i AL 2 Moran’s T #8508 p {643 %15 0.123 002 F1 0.000 0
PR b T bR T R R 22 25 4 L Al AR A A R R (R 6. UL AESRFEMS M ERLE R BEFHIE
LA Ml DMK D R B b R 4 R B L R U S R G MR R,

X6 BMAFHARBAESEERENAERELBTAEE
ESSIERiiES Moran’s I Z 1A p E
2000—2030 445 /K 57 7 0] I 3k A= 25 FR 48 AR 45 O (B 4% 0.123 002 28.611 289 0.000 00
HE S i AAES, REBAES RS R S M EBR SR R BB A R EE SR A T & W e B

P T A R A EL B 3 & AR B R OR
ISP ENy N NN (TP E 5 i SR IR )
Bl g ik ARy S 4 B AT n] SR B A A
S5 T T B B BB ) B A X SR B e
e AR AR R R AR A R SR 55 AN A A

ey,

vk

.
W

~ b

—1{%
= 0 50

100 km \\

((RIEEEAN VS ¥ NEAN GV I TE VAN ULV R SIIRZIR S
RO O IR AT 181 DAL A I i o BT A 2| Bl R 4
ENGEN P IEANIR P o) N EE e
i NS BRI R R iR R

£
F A

ERABMBEN / &
I P-0.001 —_ s
B P=0.05 bii Sl
1 P=0.1 \\ */(
RN .

5 2000—2030 EFH/RFHARBESRERERSMNERENBE =B B EXSHT

TR

4.1 i &

(1) 20002030 4F , 4 7K 55 Hir ] 3t 4 1 bib 1) FH A2
b B AR R SR 55 Bk (ol 263.97 427G, BF
i i) A i | B ) A b A R R B SR A
B o A ) AR ) B e D PR RO AR Tk bR
TRV ) B A e A R e /D A 0 R T 3 A S R AT
o (B B AE 4 Ry FR R R ROBE I S R B Y
T ) 25 [E] R DGR . IR S 0 O AR S R G IR
55t 2 28 A 5 LA DX A A R 22 00 R 5
R RTI  P  ie  ) IP D  0| E EU l v 5
gk o R MR b R B 5 AbOBE M R0 R itk . — B
ok s N 2 78 85 7Kk 55 0T i sk LUCC 2 [a] 9 B 3R
P AR SR A A — T, BT 2 XA 1

M 1990 419 51.28 J7T N CH SR K 3R 15%, , B i b [X.
SEEIKSE R 11.17%0) 3] 2018 4E Y 65.95 J7 AN CH %R
YRR 4,630 o Bt b DOF-B7KF 2y 3.69%0) AN H 3
KK T A A H i A= 3 5% 5K 55— Jr i, 1T 3 X
PP A AT S PSS 1 B, AR E R
T35 2K AR AT R e 6 174 AR b, o0 5 b, ) A e
28 5 VR W MBI, SR T P T A ™ i ) B 1 PR R
Bt R i A R - M 3 B Nk B G ik i
WAL 5 & T T,

(2) 20002018 4F % 7K 55 7 0] it 38 HF b 8T R 7
FREEY™ R ARl 45 25 b 5 1 S A - 1 ) T 26 5, 3]
2030 AF A Hb o5 ) SR T AR 8.41 060 . MR ML T AR
AT 252 45 19 8 3 AR B3 KR g — 2,14 %4 (2000—
2018 4F) o 3 b 1 422 B UE X 0 56 N2 R 4598, B AR
ARFPEESE T LA AR AR DA B 7= B8 IR KL 1 R AR AR
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%12 %

B RGZ BRI AR . AR5 IE i — L 9
NI PR AN I A X AR 2SR G855 0 A st
25 AR B AR GEAT 3 AT AN R 2 Ak BVAS 30 &R 55 i
TR A R R SR 55 M E 2 E U B3, |
2000 4E19 129.70 42708 N3] 2018 44 346.38 147G, il
M 2030 4EAL T 256.24 AZICAE AT . 2018 AFE AR HEL A 25
RGN 55 M H K 20 AH S T 2018 4 B 22 M X GDP
(284.09 1Z70) ) 1.22 f5 A4 .

(3) = Ml ) 78 Ak 5K Sy 11 T 00 AS {0 2 3 F b 3%
A B BRAR LB M DL RN M 1 AR M PR BRI LA
HAESBE TR A AL B, 2019 4F LUK & /R
S 3T 3 1L AP I AR S AR B B TR I A T
H e 12 b X HE AT 3 05 St 32 700 TR A K b e 20 9 R
ARG RAR Y T 0 A L Kb T R A i 2 )
W, A, BRGNS P 15 25 W06 75 2 g
S AN E SRS S BVE 200 + Hpt R SRk 2
MAEBRGEMRES T, TEARRR D HFEZEAES
PR3 T AR X = 1 1] FH B 30 19 52 0], 8 7 0 3 IR AR S5
FBETHAT N B | 1 b 20 B 8 A 45 Al A 00 5
AR LU T 47 25 5% R LA R R S5 AE R R S
JIR 55 B A 722 2y, LA Sk ) 2 < 301 Ay - b A BB O

(4) WA TR = M AR, 4R 55 30 Tl 3t 4 1 7K
SRR BB R IR TR o A AR A R G R S R R
%o M TR KT 5T, i Al L X %
B kA 0 2 AR A, U R I A vk S Ak, {45
IR 5 30 Tl A Bl K U5 R 77 IR 55 2 e AR B — o R 4R
Tt HX TG RESTE R R R Z I AR K
5 v K SO TE S AT S bl 7 A B O
SR A T R A Sfe AR 40D A AR A A 5 R UK IR S
AL SR RGNS WA, teAh, AL 5
PO AP AE B R U SR 5 B R A2 Bl R 1
AR B T R AL AR R S B ER A A Th IR W B A
b MBI NDVI $8 805 3K 8h N X E R R 4
JIR 550 6 3254 T B M00RG MRS ADL R T
4.2 L5

(1) 2000—2018 4 7 4 47 /K 75 37 10 Ui Jol bk 457
S8 b 7 Ak Ry G A - b B b T RR Y R B G R, X —
B — HFFEE R 2030 4F, BURSTII A EUE S RS
fIi 45 # fB £ 2000—2018 4F H 518.16 {2 76 34 + %)
1 832.4M7C LG AE B RGE M MEA T sh T
R a3, 3] 2030 4F L AR 5 ) It dul A A8 R G55
{HAEFFTE 1 777.86 17T,

(2) 2000—2030 4, & R 55 3] i Bl A= 28 R 48 ik
F A R 108.80 270 , He v 75 1 % 4 o oK A H
- b B 51 2R B K (34.39 4270 L B o Bl Ry 31,6104,

FLUR S bR M e e A B ML (28,49 42 IT) . B 5 L )
26.18 %0 o 5 Ut /K B 5% 45 Ry R A T 4 M (18,31 42
I8 It i LB 16.83 %%,

(3) HRFF I AR S RE MRS M S
ML IE A7 7 S e R L B A R R B R R R
Jay o AP £ 7E 4 JR R Ry b 1) 5 B0 I 3 Y OF ) 25 ()
H A,

(4) Jo7 ™A% s il A6 350 1L X A iR R L 7 A% R
17 B R 1 AR S R BUR , i — 25 Ak - R 25
Y E— 25 AR Bk A AR B S it 9 B A Rl
b 25 8, 7R B 55 A R RE K AR AE W ) b A T AR
HENGEI

(5) 7 B T A8 H X, W KBk b A S AR T
T 285 0+ M TF S AT 0 B R B D A 2 A e 2 il b B
B4 T Rl 209 A T P 2 A 3 RO VD A B s A TN
TBE AR A, N v S R A S R TR,
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