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Accounting and Predicting Simulation of the Ecosystem Service Value in the Upper Reaches
of the Yangtze River Based on Land Use Change
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Abstract: To explore the influence of land use change on ecosystem service value (ESV) in the upper rea-
ches of the Yangtze River,the spatial and temporal change characteristics of land use dynamics and ESV in
the study area and the correlation between them were investigated based on GIS grid spatial visual repre-
sentation technology,using land use and socio-economy as data sources,and using land use dynamics, ESV

assessment model and spatial autocorrelation model. The results showed that 1) forest and grass lands
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were the major land use types in the upper reaches of the Yangtze River,and the area of forest land, water
area,construction land and unused land showed an increasing trend from 2000 to 2020,among which the ar-
ea of construction land increased by 148. 66 % in 2020 compared with 2000,and the area of arable land and
grassland showed a decreasing trend. 2) Under the future climate scenario in 2050, the differences of land
use changes of each type would be more significant,the area of cropland,water area,construction land and
unused land all would decrease,and the fastest change would be in water area,while the area of forest and
grass lands would present an increasing trend, and the comprehensive change rate of land use under two
different climate scenarios in the future would be stable at 0. 80% —0.92%. 3) The land use in the study
area had great development potential. The land development during 2000—2020 was mainly in low to medi-
um intensity,so would be in the future climate scenarios of 2050. while the high intensity land use would be
concentrated in Sichuan and Chongqing,especially in the future two climate scenarios of 2050, the regional
extreme core distribution would be more significant, which needs to pay great attention. 4) The ESV per u-
nit area in the study area was mainly in medium and high levels,and the total ESV was stable above 8 tril-
lion yuan,with a trend of increasing and then decreasing, but the spatial divergence was significant,among
them, the value of ecosystem services per unit area was higher in the central mountainous areas in the up-
per reaches of the Yangtze River and some areas in the Qinghai-Tibet Plateau,while the main urban areas
in Sichuan and Chongqing were the concentrated distribution areas with low and medium level ecosystem
services,and the ESV would be decreasing under future climate change. 5) ESV was positively correlated
with integrated land use intensity,and spatially it was mainly distributed in high-high aggregation, high-
low aggregation and low-low aggregation, high-high type mainly distributed in the Qinghai-Tibet Plateau
and parts of the Hengduan Mountains, high-low type concentrated in the urban areas of Chongqing, Si-
chuan, where economic developed highly. The study reveals the spatial and temporal evolution patterns of
ESV and land use dynamics in the upper reaches of the Yangtze River in 2000— 2020 and under future cli-
mate change,which can provide scientific basis for formulating scientific and reasonable regional ecological
protection policies and establishing long-term mechanisms for ecological protection and restoration.

Key words: ecosystem service value; land use dynamic degree; GIS; spatiotemporal characteristics; the

Yangtze River upper reaches

T TE IR AR SRR MR fE 2Bk
SARAEACTT L 43K M 2 A 55 1 R A PO 9 A8 Ak L X B
MRS R G A TR IR R /7
784k (land use and land cover change, LUCC) J& A
KUGEh 5 AR B AR AR 45 R, e Bk
W T AR AKTE AR Ho 3 Bt J6 A% 3l vk IR oK
SEAR /N T U AR OB T R SRR Ak RIS 0 A1
Bl 1) 700 46 8 i AR T Ak L I, NSRS B Bk
AR T SRRk — R R Y R R
W AN T4 o B b 0 A 25 1T L B b o AR S
R G DI SR D (N T o L
JE B0 A A T T X s A 52 AT A 2 kR TR
T3 E T T AR RGNS DIRE K BE 5 1 A0
R ZREEET . BeAh, B 20 T ROk R
UNIEE§ &1k RS2k DA S W TN B RS
P8 0% K Jo 3 i A1 Bt A IR AR T ok, 2 — 2D 5 Bt
WA Ja 1) ) R R 2H S 04 R R A R S R G
5 R A A R SR S5 (E 2 BT n R

T AR, R AN S R kR
H R G R 55 (ecological services, ES) % 43 f
4 PR A REAE LS T U DL R RS R
Gt 55 A A I R R 4 AR N 2R L) A A AN T ik
A A SRR SRR &L A 20 R DLk,
A FEEMNAFRENESRERS 5 HRTARM
(BN SR TE T W5 L 0 e 2500 AR R A 3R AR
TS ESV VAL T ik 4T 1T 2 0B IE , i€ Hh i
A E EE M ESV ALY iR, 8 R E X
ESV By #F 58 TAESRAL 7R 5Ll JF7E R s 2 7
S R

3N I 1 RS o A RS I E S RSP Al S
Ui 1) I LA B 4 it 3l i) A 385 e /K B8 R 2 4 2 O
O TR R W X A AR AR A AR
Jie 555, e 0 %k A 2T Bl 4 5 20 T HE 3 R A S 0 R
AR 1] AL, J2 3% IX 388 224 iy o I %) 7 O R )
PRI, A F 5% i T R &8 L G2 T GIS = [ 4
THEOAR a8 ESV IEAL 1Y 5 + ) H 2 28 9F



276 PO LA B 2 4 39 &

PSR A5 B YT 3 L IX 2000 — 2020 4F K Kok
AR T A 25 R G055 1 (A0 = M R FH h 28 i i
25 AL L RV L B e AT S 2 v bk & R 1 Y
T 0SB 20 AR TR RN A S AR B xR Ak A
AW D KR AR A R G RS R A XS A
SR RS S AR AR S H R L,

1 B 5% KB

AT b i i X (21°8" —39°20' N, 78°25" — 110°
N'E)EfEHFEE TR ARX . UIE . amMA .5t
WA HE R 6 48 CHIA X B, DL M AR
R AR TR E S — W, S R A 2R,
BIgk 3 000~5 000 m, KIT EHFENREEZH
AR I, 37 A S A 58 A [) Bt 7776 S BT T 3 28 XL
i AT S AF AR SR A AR HR 8~ 10 °CL AR
R 7K 5 800~1 200 mm, P Ml X A 9 S M T B 2%
S R AF B ST LB 3 i) I PR ORI RS 2 - i TR 22
AR R T2 F S X 2 b RN L b A £ L A g DS R D A
IR 3 I 7 S A W w1 LA 1 e o e
B H AR A SRR, AR R ST X 2000 — 2020 4F
PIFH G TTAE %5, 2020 48, 55— = =L L & 4
R 11,57 % .36, 41%.52.02% , 2000—2020 4FK T
U IX A PR R N 8 929, 26 {ZJTHE &= 120 858. 67
276, Hor 2010—2020 4R 7= B 5 TR HL 20 a ]
NI 7= BB N 4 481 JEHE 2 56 283. 67 JT.

2 MHET*E

2.1 HIFEE

PIKIT B X 2000 —2050 4F 4 b F) 1 /78 1%
h B VR L 43 ) 3% B 2000, 2010,2020 4E ) K TPCC
SRES ' 2050 4E 11y 2 2K 5t—A1B.B1, 4t 5 1
+ b F) PR, Hoh 2050 4F A wb A /7 B R0
WLLTF 2 A Moy vie B (2 A2 1 5t R Bt R AV HE ks
5t (SRES-BD) Fl v 45 HE TSI 5 (SRES-ALB) . 124
I B8 43 ) 4 V5T 9% R 2R 58 B 24 B8 oo (he-
tp://www. resde. cn) Ml Li 2 M #19 2010 —
2100 A48k 1 km - Hb BT B A8 b 85 9 42 5% BT A
- 1l A ]SS B o Sy R By 6 — 2 S8 IE 1C
I, 6 3 A b R B i 3T AreGIS B4 BRI
e O B AT R AR AR RS — N WGS_
1984, 7 HE% R 1 km, BIFSE T #6211 2K 2t b ] ok U5
Thn i # B IR 55 & 5t (http://bzdt. ch. mnr. gov.

en/) . G TEIERIE TP E S HE L (2 H
A 7= i AR W 28 BRI 4 ) DA B KT i LK 6 A4
(NGRS i DR W R
2.2 HARAE
2.2.1 #HaMmEahE BT ArcGISFHW
10 km > 10 km 9 PF A 550 A% X K VL it 1l X
LUCC KR #1748 WAL E R AL, 75 3] 31 179 D PFANY
TG, HT HITAE M4BT 058 X 2000 — 2050 4F Y
A H 2 & ESV, IR B G i A 75 JE AT 28
47 L 50 B FL A 25 0 A7 AR AIE
2.2.2 WwARMHEETNL FIAR /AT
A SIS L, IF 3z 1] 4 3 A1) 1] 3 258 BB AL, 43501 %F
TFF 5 X% 25 4 bl 1] FH 28 700 1 0 i S okt B 78 b iR A7 43
o HFFH B 2548 B A R

1) B — 4 b 1] FH 3 A B Y

uy —

K=" M r1%100% (1

U,
S K g B — o i 1) 26 2 7 F 50 4 R PN 14 3
BB U, MU, 350 375 BF 588 46 191 F0 01 58 45 51 1)
d A 2R B A A (km®) s T R WFFE B,
2) &4 T M B AR

SAL,.
L.= {l - }XT ' X100% (2)
22L.,

Aof L, AR i 2 4 H R 2R A T AR
AL, HRFFE NS @ 25 4 o 2K R Ak o 4
2 Mo R 2 RS 1w AR G 4 XHEL s T S~ F 75 19 1) [) %5
B 5L, ARG X G b ) P 25 5 s A R

2.2.3 ‘A ARERHKER BT WA
AR e R 3 B &, i AR A 2 T Ak 45 ol il 2 A 7R X
T HRA 0TI A b R A% R A S AT AR R
RS, R, 51 A R P AR R i AR R BT B R
Bt [ R 2% 11 R0 N3 Bl - b R FH AR A Y 25 5 K F
FI7E Ak B B 2 ) 4 et 4 i )T AR BT Y 45
BBk . RIRIE T XS FRR DL L 8 i AreGIS
S B B A X BT 1 b R P R R A R
1723 [6) 72 B4 4 (8 B - Hb ) R 2 4 %5 55 3 5
53K 5 A% g B i (100 << T << 150D, & 1iK
(150<< 11 <<200) . H1 (200< [l <250) . & i (250 <<
IV<C300) . #5 (300<< V <<400) ™, HFE BRI T

L=>(A XC) (3)
i=1

AL, .= |L,—L,| =2 (A, XCy)— D (A, XC.)] X100 4
i=1 j=i

AL B X R LR R EIRBGA A
WEIE X PSS @ G 4 M 0% 4 st R R B2 43 948 4 C,

ARG IX NS @ 2 4 i AR A 5T X LR
S sn S MR PR BE A 43 B AL, S HBF]



ol

e A T o A A A A T A 2 AR G R 5 A (A B T A5 4D 277

FHARARRRBE s L, (L, 43590 8 BF 58 400 I 0 R i 58 44 1k
W0+ R AR R B AL NS 0 G R R R
O ARE Horp R R FH M Ry 1, bR R K S8R 2%
Jp 2 B Ry 3, B HME R 45C,, . C, S BN
) AN B i 2 b R AR R Y TR AR L A
2.2.4 AXRAMSMMEEAEAE S Cost-
anza S5V 4R I ESV PEAL 5 0k % R ) v R
DX s I 9 25 53 DL R YT i s DX B SR B A
T o b A PR R S B R B I T A X A% 2K
I ESV &80, — 4~ ESV M 192 5 (4 b B s
TR R 1/77° . T B R AR O R
&S oA Y B W F s, HIL L 2018 454
KA /N 22 B RSO 1 F 2 A S B 5T X ESV Y
T R A L A R R

o 1 e ()iPiQi
=72y (5)
Evs:=2A, XE, (6)
Eqw=2Eys, (7)

K E, M E Y i RECGIRR S ¢ 288 50 T FR
ESV Y@ REMATFHME) :Q, NH i MREEY
F A (hm®) s P, AWFRE X5 ¢ FolR B 1EW I F 1
B2 (kg hm “);Q, N PO E/EW M FH M
¥ s M AR AR SR T AL (hm®) s E v, NS
RIS MAE: A, A5 ¢ AL b 1 B E s
R S5 (. A BE S B P Y ks (2. 403 JC -
kg DB EfE/NESES RS g R R GO R
AT R X AR (D 531,41 96 « hm *) L Fl
) (DA RN IL F e i X A S R G
A AR AE S MRS MHE R E R D,

o N R AN W N R VA - T AR
ESV . iz [ ArcGIS 75 [a] 48 i 53 Hr , AR 8 0 52 X 1 52
Bk ol » ok T A AR B s 20 S AR ) ESV i#E 47 L
fa fal B 4325, 2643k 5 g%, BIIR ESV (0,10 000) 38
i ESV(10 000,20 000) ,H1 ESV (20 000,30 000) .
B ESV(30 000,40 000) .7 ESV (40 000, c0) 3k
SR

F1 KIEHEWMRESREEMERESRSNEFTHE

Table 1 Average value of ecosystem services per unit area in the upper reaches of the Yangtze River JG « hm *
— A A TR i1 M il 7K 35k AR A F FH
it 25 iR 55 Ty 1301.72 444,11 581. 94 1225. 14 0 15. 31
JRHAE 7 612.57 1010.74 857. 60 352.23 0 45. 94
K BT IR AL 25 30. 63 520. 69 122.51 12 695.55 0 30. 63
IR %5 AR 1026.06 3 323.20 3 016.92 1179.20 0 168. 46
S A A 551. 31 9 954, 30 7978.75 3506.97 0 153. 14
RIS 153. 14 2 955. 66 2 634. 06 8 499. 44 0 474,74
'SR 413.49 7 258. 98 5 850. 06 156 573. 40 0 321.60
RS R 1577.37 4 058. 29 3 675.43 1424, 23 0 199. 09
HISEE g BN 183.77 306. 29 275. 66 107. 20 0 15. 31
G/ EA 2o 199. 09 3690.75 3 338.52 3905.15 0 183.77
SCARHR 55 F2E RO 91. 89 1623.32 1470.17 2 894. 40 0 76.57
2.2.5 =W AAXRAER iz H WA 82 EH A FHOR BEHE 4 L MXUE 2/ H AR EG y,, My,

AT REERLSK 2 ESV 5 4 MR AR BE Y 25 8] AH G
PERFIE . E A 4R A A G R Moran’s T 484K
S W G e A 2 ] DGR B 45 22 ok, S 1 A B AR
Hb W BIF 51X 4% T8 3 2 T 119 25 R SC B M 5 R T
Geoda PR i 25 AL B AR RS L >R A LISA (local in-
dicators of spatial association) 4T JR# =S (8] H 40 5%
G3AT s LASRIA Jmy FB 4R S RN B B0 . AR i =S ] A3 A
K FRE 23 ) SR AR 73 o v - e R AR L IR R AR -
BRI A 4 Rl R, SR
mr

L Yio™ Vo, Vit Y
n > Dw, ( ) ()
i=1j o, o,

Ivl:

,” n (8)
(n—D 2w,
i=1j=1

AL, D9 B LT ARAE 25 R SR 55 M o 1 A

R @ AT BT A AR AR 2 AR G IR S5 A (BRI L
ORISR EAE B0, Mo, N7 225 W, 2T 23 1]
FHAB I A S BB R 5 S IFOY PO RO .

3 HERE5 AT

3.1 KiIIEtR LihF AsSTHH 0

3.1.1 kA RMEAE TSN HE 1 ME
2 A AR, AV i b DX S O 5 A - i R 28 Y
FUS R HE oA 5 3t = K = 2 F1) FH 3t = Bk > K
W2 FE R, Horb, B T AR 2 4 T AR
50 % » F B4 A T 9 s T s VAR Ml L 2 TR R R AR
TSR X I 2 — s MM E B T s mE L S
DY 1 L B G 3 ) 3 A b DX 5 oK ) FH b 43 A T PG R
TV VG A6 A e ZE T 5 A L R IR £ E ROF M oy



278 PO LA B 2 4 39 #&

AT A FE #6447 U AR 5 PR DY )1 2 AR A3,
2000—2020 4, AR K 35 | H 15 F M 5 0 A AT
190 1 11 e B, HG v O b ) 2 i R ok TR
7.2 X 10°km’® M E 1. 8 X 10"km’, ¥ i T
148. 66 %0 5 1M AR Hb F1 7K B0 43 5 35 K T 7. 090 M
37.62% . HMCATA 784 VT b i Hl X BRI Ak i
R T B[R] B £5 IR B8 LR B 4 it S B3R 1Y S it A

20504B1 4

“JHRERNL >~

250 500km
S T— |

FVT e b X0 UL B, A b R R b % T R S B
W R > T 15 % F 18, 3%, i A& ]
JHHLA AR 2010 —2020 4E 4. 710" km” 4/ &
6.7X10" km” .38 ilF 40. 93 %0 . 38 i X 38k 3= B A T
s AL ER . AR R R, —
LS FEW) b ) AR 45k 2% 23 T BOHA AR 35 T b [ 2K )
P55 AR

20504EA1B 4

1 KIIEEMREMF ALY

Fig. 1 Land use type distribution in the upper reaches of the Yangtze Riverarea
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Table 3

Land use dynamic in the upper reaches of the Yangtze River from 2000 to 2050

B — 3R B A

i B LS
B i Hi K3, HE A F b
2000—2010 —0.09 0.03 —0.02 0.11 2.66 0. 00 0.03
2010—2020 —0.06 0.67 —1.82 3.61 9. 64 4.09 1.83
2020—2050B1 —1.71 0.67 0.75 —2.43 —1.23 —0.89 0.92
2020—2050A1B —1.18 0.15 0. 89 —2.43 —1.24 —0.82 0. 80
F4 KT EHFHEX 2000—2050 FE X THFARBEREIEN
Table 4 The land use degree comprehensive index in the upper reaches of the Yangtze River from 2000 to 2050

AE0y 2000 2010 2020 2050A1B 2050B1
- Hb ) P R RE 25 A 48 KL 194.593 4 194.634 0 188. 840 3 190.424 9 189. 376 2
3t A P R R A A - 0.040 6 —5.793 7 1.584 6 0.5359

3.2 KIIEWHRESKRENEREZTHSH
H1 22 5 7] UL, 2000 — 2020 4E K 2050 4F & 3k S,
s S T KT Ll X B ESV 2 E £E 8 000 /47T
PLE I 5 S0 5 i E # L 7R 2010 4E ESV k3 5
K (88 694. 38 1 7T) , 1F 2050 4 AIB 5t F ESV

H/N(81 394. 41 /278) . & X LA ESV 5 b
e A B Ry M > A > Bk > K ek > S R >
AR, Horh B B ESV 22 0 bk 4 )
H2Z M EHA ESV 5B H e 8 50 e i
K SR ) M ESV 26 3 M S 1 5 8 #

RS5 2000—2050 FRIEMMREMEESRERENESEURETN

Table 5 Value structure and change of ecosystem services in the upper reaches of the Yangtze from 2000 to 2050
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Fig. 3 Spatiotemporal distribution of ecosystem service value per unit area in the upper reaches of the Yangtze River from 2000 to 2050
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