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Impacts ofland use and cover changes on ecosystem service value in Zoige Plateau
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Abstract; Climate change and human activities in high-altitude, cold pasture areas with a fragile environment can cause
land use changes that significantly affects ecosystem services and functions. Our study investigated changes in ecosystem
services in response to land use change caused mainly by climate change and human activities in the Zoige Plateau, a region
in the eastern fringe of the Tibetan Plateau with large areas of grassland and wetland. The objectives of our study were (1)
to assign specific value coefficients for ecosystem services in the Zoige Plateau and determine whether these coefficient could
be used to evaluate changes in ecosystem services in the study area; (2) to estimate changes in the ecosystem services value
(ESV) resulting from land use changes caused by climate change and changing human activities; and (3) to provide
information and advice to support regional sustainable development policies. We used remote sensing to evaluate land use
changes, and then applied a fast method for evaluating ESV in 1990, 2000, and 2005. During the study period, the
decrease in area and percentage of cover was greatest for high-cover grassland, followed by wetlands. The largest increase in
area was for moderate-cover grassland, followed by low-cover grassland; the rate of increase was greatest for construction
land, followed low-cover grassland. Among the nine land use categories, high-cover grasslands, woodlands, and wetlands
showed a continuous decrease, but only the wetlands showed an accelerating rate of decrease. The total ESV dropped from
603.10x10° yuan in 1990 to 586. 07 x 10° yuan in 2005, exhibiting an accelerated rate of decrease, mainly due to the
degradation of wetlands and, to a lesser extent, high-cover grassland. Although the ESV of some land uses increased, these

increases were too small to offset the decreases. Because wetlands had the highest value coefficient and covered a large
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area, the ESV of wetlands was the highest of the nine land use categories, accounting for about 48% of the total value.
High- and moderate-cover grassland cover the largest total areas, and thus accounted for a proportionally large proportion of
total ESV, even though the coefficients for these two land use types were much lower than that for wetland. Woodlands also
generated high ESV due to its high value coefficient. The combined ESV for wetlands, high-cover grassland, woodland, and
moderate-cover grassland accounted for about 93% of the total ESV, indicating that these categories, and especially
wetlands, high-cover grassland, and woodland, provide the most important ecosystem services in the Zoige Plateau. In
general, the changes in the contribution of each ecosystem function to the total ESV were small. The contribution of each
ecosystem function to the overall ESV was greatest for waste treatment, followed by water supply; this likely resulted from
the high ability of wetlands, high-cover grassland, and woodland to treat wastes and supply water. All nine types of service
functions decreased, and but raw materials showed an accelerating rate of decrease from 1990 to 2005. The sensitivity
analysis indicated that our estimates for the study area were robust despite uncertainties in the value coefficients. Our results

also suggest that future land use planning should emphasize the protection of wetlands, high-cover grassland and woodland.

Key Words: land use; ecosystem service values; environmental pressure; Zoige Plateau
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Table 1 Classification system for land use/cover defined by the Chinese Academy of Sciences

— oK Y — oK 9k
The first classification The second classification The first classification The second classificatio
ErRes E2 ErRes E40 %' 7S ErRes ZFR
1 HlHb 11 K H 4 K5k 45 PERR
12 LS 46 Wb
2 it 21 A 5 WE THE R 51 T b
22 HEAM 52 ARAT S B A 3
23 HoAb M 53 HoAth 15
3 b 31 iei 75 R 6 KA 1 61 v
32 rh R a5 R 62 KHE
33 V7 5 i R 63 i -
4 K3, 41 IO 64 TRPEH
42 wia 65 Bt
43 K PEYLHE 66 A R it
44 KAREVK R 67 HAth
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1.3 s RO T I %

T Costanza 5 AR HY 19 /12 25 38 G IR 45 00 6 97 40 07 0 A SESE AR 1A A0 Bt 22, TR UL R A
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(2 503 0 SR T LA o DX SR B 23 , b 5 W B 3 E /5 SR IR (0 2 5
ST T 02, JEMEY S R ST AN E TR VT 3 FE S MM 0 R, FLI 6 110
TR (R S AR | 45 R 2 .
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Table 2 Modify coefficient of static services value of different land-use types in Zoige Plateau

+ A BRI TEIEREL IR
Land type Original value Correction coefficient Corrected value
#EH Cropland 6114.3 1.0 6114.3
HHi Woodland 19334.0 1.0 19334.0

1 78 1% % 5 high-cover grassland 6406. 5 1.5 9609. 8
o} 35 B Moderate-cover grassland 6406.5 1.0 6406. 5
B 35 FE HOH Low-cover grassland 6406.5 0.5 3203.3
1BH Wetland 55489.0 1.0 55489.0
JKA& Water body 40676. 4 1.0 40676. 4
A Construction land 371.4 1.0 371.4
Jic i Unused land 371.4 1.0 371.4
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FREBE P HAREL; CC N b PR L AR s HT D R FHPEA DX 5 T

R Sty
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Table 3 Land use/cover changes of Zoige Plateau in 1990, 2000, and 2005
1990 4E 2000 4E 2005 4E -
Sy i A1
ER e i e B AR 41 I 41 oo
BEST AR EL
Land type Area Percentage Area Percentage Area Percentage T
Grading index
/(x10*hm?) /% /(x10*hm?) /% /(x10*hm?) /%
HiHh Cropland 2.78 0.73 2.85 0.75 2.85 0.75 5
s Woodland 55.31 14.50 55.05 14.43 54.43 14.27 2
T2 78 %5 5 R high-cover grassland 114.88 30.11 108.39 28.41 106. 72 27.97 2
Hh 7 55 B F i Moderate-cover grassland 86.44 22.66 88. 66 23.24 90.75 23.79 3
IR 7 35 5 RO Low-cover grassland 51.27 13.44 56.29 14.76 56.21 14.74 4
i Wetland 51.97 13.62 50.79 13.31 49. 80 13.05 1
JKH Water body 5.76 1.51 5.70 1.49 5.78 1.51 1
A HL Construction land 0.44 0.11 0.48 0.13 0.52 0.14 5
3t Unused land 12.63 3.31 13.28 3.48 14.43 3.78 1
&t Total 381.48 100 381.48 100 38.15 100 —

2R (5)HHEEM, B/REER 1990 4F 2000 4EF1 2005 4F - M A FH AL R 45

2.38, RWNZX LM 235 TR R a5

1 GIS BRAFI AT A B, W5 DX/ 14 vy 280 i o M T A% ) 1y RS S 3
SR R M TR T A B R R R, S A T

FEi R R RR

Mk, Henl UL, 320X iR A2 Al 32 2SR B B i A iR A

2.2

.
R T

HT(1),

592. 66x10° TCH1 586. 07x10°TT, B4V [ FLAE
1.54x10*76/hm?, Bl 15a 6], Z X84

B:iﬂﬁéE/u\/ N2 Lﬂ&%mﬁﬁ’ﬂﬁ
= 51990 4F 2000 4F A1 2005 4F X d A4 2%

1B R 2.34 2.37 F

ZN

VD VR M T e ) T
T 2 R R b R s B AL

ARG M E 5 51 R 603. 10x 10° JG |
BRGMESMAE M 1. 58x10% J6/hm* 1. 55%x10* JG/hm* F
RGNS M AL 17.03x10°T0, 4FEEH28 1. 14x10° o0, HideiE

FBEN 2.82% , Jii Sa A AN AR BE 43 0 AT 10a B 1. 26 £5 11,28 £%

TR 4), 1990—2005 4, MRHLXT I XA 25 R Ge e 55 (8 1) DT kIR K (48 % ), Uk hy i 8
JEEE b R (L9 M 18% ), BB MR AR, {X 0. 003 % , 15ali], #5 /K o5 55 J5 45 25 0 4 b i 2B 254 (B AR
F4 BHRETF 1990 £ 2000 £712005 FESRGERSNMETH
Table 4 Change in values of ecosystem services of Zoige Plateau in 1990, 2000, and 2005
1990 4f 2000 4 2005 4E
+ 2 i e e MAEAE A %
Land type Value % Value % Value % Change rate
/(x10870/a) /(x10870/a) /(x10870/a)

#kth Cropland 1.70 0.282 1.74 0.294 1.74 0.297 2.22

Fis Woodland 106.93 17.730 106. 44 17.959 105.24 17.956 -1.58

78 5 % B high-cover grassland 110.40 18.305 104. 16 17.576 102.55 17.498 -7.11

H 78 55 B B Moderate-cover grassland 55.38 9.182 56.80 9.584 58.14 9.920 4.98

I 35 BERT ML Low-cover grassland 16.42 2.723 18.03 3.042 18.01 3.072 9.63

FHL Wetland 288.36 47.813 281.81 47.550 276.34 47.151 -4.17

JKAR Water body 23.42 3.884 23.17 3.909 23.50 4.011 0.35

A FHHL Construction land 0.02 0.003 0.02 0.003 0.02 0.003 19.56

Fe i Unused land 0.47 0.078 0.49 0.083 0.54 0.091 14.21

ST Total 603. 10 100 592. 66 100 586.07 100 -2.82
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2.3 BRSNS LEIMER A

R SR PSR E S IR S R0 9 TR, AEER 1 R AYIBIE R B, K RIS Ly 9 ARSIk S T
HIATIEIE, BT IEE R E A2 A M AL, THEAS 4K 35 5 5 1990 4F 2000 41 2005 4FA4E 3
RE A5 MRS B EAEAANZR S iR, 3BTl A, 257K 55 i SR A BN e fe i, 3K 22% , (B 32 %2
H TR (62% ) 7 7 T ML Rl (149 ) AP B 35 I B4 (8% ) sk /KB FRN EK 22, %A {8 5 2 i
(60% ) MHE(14% ) Filfm B 56 BERE L (10% ) BTHR ; B IMERAR, 2970 2% , 0 (8 32 ok o 3 o
H1(45% ) 7T 25 BB (25% ) IR HE (14% ) BTk, 15a 18], #5 /K 35 B AR A8 R G045 IR 45 28 RN (8 L 1 22 4k
RN, (B EES BRI/ NE S, WIRTE 1% —4% Z 8], Hoh, 80U S = Y 2R ey =
{E S Dk, HAAME S 2ok a3, WIHEREORE , EYAL BRI R K (4. 17x10°T0) , S M5
TR Z (3.92x10° 0 ), HAbi 434 3 2 ph i sth s 7 o b 5 iR AL Tk

®5 EREFE 1990 £ 2000 S50 2005 FERRRSRFEXBMET
Table 5 Change in values of different ecosystem services of Zoige Plateau in 1990, 2000, and 2005

1990 4f 2000 4F 2005 4E
fik 55T H #rlE e IKEES E ] e =1 WEBFE, %
Service item Value Percentage Value Percentage Value Percentage Change rate
/(x108J8/a) /% /(x1087C/a) /% /(x10878/a) /%

S AT Gas regulation 45.66 7.57 45.04 7.60 44.66 7.62 -2.19
SRV Climate regulation 114.95 19.06 112.70 19.02 111.03 18.94 -3.41
IR FE Water supply 117.63 19.50 115.48 19.48 114.07 19.46 -3.03
T B 5449 Soil formation and retention 76.41 12.67 75.29 12.70 74.85 12.77 -2.04
YR Waste treatment 132.65 22.00 130. 06 21.94 128.48 21.92 -3.14
He M) Z A Biodiversity protection 56.72 9.40 55.91 9.43 55.52 9.47 -2.12
BT Food 9.73 1.61 9.57 1.61 9.53 1.63 -2.06
JH B Raw materials 14.34 2.38 14.25 2.40 14.10 2.41 -1.67
PR 304K Recreation and culture 35.02 5.81 34.37 5.80 33.84 5.77 -3.37
A Total 603. 10 100 592.66 100 586.07 100 -2.82

2.4 R

ARG AR HE RT3 7 0k 4 2T il 19 A 250 (AR K0 ) R R 50% , BRI T ST X 1990
12005 AF PO RBUBMEAR KL, ARG 6 Pk, SR, A FHMEDL TR CS #/NT 1, RAR{ES 0.00003, RP
HEBUHH A RS U E R BOE I 19 1, S E IS0, 00003% 5 fE{E 0.47, RS0 4 S0 E &
B 19% W, S E R 0.47% . XRH, AXITERE(C) KL, TRXAESREM SN EZHRZ
SRR, DFRERE IR,

3 itig
2 MR v L S0 1 A Il ot A 25 AR G IR 55 O (LR SR ik, ARl b R R/ 8 i T o A K i e

1990 ,2000 2005 FAA R GRS M E P R IART T IX L oo AR AR b 30 3 T XA S R GRS B, BBk
W RIS, X RER R T 15a (8], BFFE XA AR SS B 450 s 1) v 7 5 B R b bRl Y 1 A5 1T RO A
T AR 55 B B30I %) P UG 7 2 5 ol Bt 08 P b R e D 46 (S N T B, 5 /R 55 5 B 1990 4F AT 2005 4F
NEEE 5510 15,49 T3 121,68 1, ARIEAT(3) F(4) THE AP B B34 28 28 R 58k 55 (8. 53 il
38.93 JiuM127.03 Jiot, P 15a 8], ABAERRGNMRS M EHBIK 11.90 J570, FHH5 0.79 T1IT, WliE
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35 31% , 2 1990—2005 4E[A] , #5/K 56 5 B T 0 B8R A+ B Ak i XU S0, RS 7 5 0 S 16 K
B TR IX A S R GRS M i 2 b, BT 5 F B R, T R R AR 3 R D Y
B R ELR AR T R R R M, U IR R TR, R R S AR S R
G KRGS (8, A RE RS I T Rp e o NSRS, Sh B A4 i i R 5 b P A AR BE , 4 e 45 Al
ST AN L T REANMEL AR, A BB 2 2 Ak, DT B A5, BN X AR Ak, PR IR M
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Table 6 The coefficients of sensitivity of ecosystem service value

- HURAEHE(CS) . URIREL(CS)
iy Coefficient of sensitivity (CS) T HB A Coefficient of sensitivity (CS)
Land type Land type

1990 4F 2005 4F 1990 4F 2005 4F
#kith Cropland 0.00282 0.00297 L Wetland 0.47813 0.47151
FHL Woodland 0.17730 0. 17956 JKAK Water body 0.03884 0.04011
15078 5 P B high-cover grassland 0. 18305 0.17498 U AL Construction land 0.00003 0.00003
78 55 B B Moderate-cover grassland 0.09182 0.09920 Fe ¥ Unused land 0.00078 0.00091
I8 35 FE B b Low-cover grassland 0.02723 0.03072

i A A A L, AR 5 e DA TR R A A 2 R G IR A5 I 2 0 T e RS 44 (3661, 9 JT/
hm?) 19 4. 26 £, FBAA R 36w DR 7 = D AR S R GRS B B (X, 3 3 2R T3 o 5 75 8 e i T
B 38% , (H I H#5/REE R IR 3% ST I AL, ks & A5 005 /R 55 0 R I AR S R G55 i
TEACAAR SCIR T SAE R 173, (HAS LR AR 0 g2 07 M Li 450 3 TR ) 7 B Al 3 iR DI T AR 25
ARG M EAEZE 42 %, AR, B FARE A N E REOR R, 858 2 S diek, Bt
KIS RS M AN ESTEN SRR KERE LRE TS HER X, SIS EARAETER,

A K i g JEE R M TR 24 o DX B TR Y 23, A5 AN R D 25 R A 22 1, 3 v S Y R e g
] el PR T AR AR SR S5 M (6406. 5 T hm ™ a™" ) BLHETHRL, #7/K 35 3 5L 2005 4F R b A: 28 RGeS (BN
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4 Zig
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