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An spatial ecosystem services approach based on LUCC:. a case study of Ganzhou

district of Zhangye City

LIANG Youjia" ,XU Zhongmin,ZHONG Fanglei, SONG Xiaoyu
Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou 730000, China

Abstract; The assessment of Ecosystem Services( ES) is a relatively new scientific methodology, and it can offer a possible
approach to the palliation and prevention of complex ecological problems caused by human activities and also helpful to the
resolution of conflicts arising from land-use questions. Since Ecosystem Services were launched as a major conceptual tool in
the Millennium Ecosystem Assessment (MEA, 2005) , interest in them has been increasing rapidly. Despite the scientific
as well as economic and political enthusiasm for the approach, only few case studies have as yet been published. We
studied the interface between Ecosystem Services and landscape or land use planning in Ganzhou district of Zhangye city, in
western Gansu province, integrating ES and land use is our core object. In the article, we present a visualization
methodology and various data which can be used in applied research on Ecosystem Services. Firstly, we classify the
Ecosystem Services offered by various biotopes and land use types of the study area, and then examine the effects of
different land-use types and forms on the provision of ESs. On the basis of our results, we discuss the uncertainty of data
and method, and suggest possible advantage and disadvantage of the approach in case studies. The results show that; 1)
The four types of ES production capacity values were shown to: Cultural Services>Supporting Services>Regulating service>

Provisioning services at two scales of the irrigated and Ganzhou District; 2) From 2000 to 2009, the four types of ES supply
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were decreasing, at the same time, urban land use and road network construction which driven by human activities were
rapidly increasing, and the whole oasis of agricultural area had exploited overly; 3) The approach developed in this study is
highly workable and reliable, and the difficult work is analysis of multi-disciplinary data and knowledge. This study may

have some implications for the ES assessment of other zones.
Key Words: ecosystem service; GIS; LUCC; spatialization
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Table 1 Different ecosystem services types and potential indicators

X FERSS Supporting Services WELEFE AT Potential indicators

HAAEH Photosynthesis Y% P ] NPP

AAEFF Nitrogen cycle N, P s AT E I EH# Update rate of N, P or other elements
AP S Soil formation TP AT 28 Accumulation of organic matter in soil

PWF5 B 5 Regulating Services TELETE B Potential indicators

JEy AN X S A JH Y Climate regulation of local and regional SIAALIEE Magnitude of temperature changes

WU Carbon sequestration H W40 Increased biomass

2 Pollination B R DI#E Pollination rate

Bijit Soil conservation 1 R ER A BE K YL Number of flood damage

F%43 WA Nutrient absorption N.P K S HM#FTHE N, P, K or other elements

IR/ 7K o i Bl ) - S B A 2 kA Bl 7 25 8 4 4k Wind / soil erosion

caused by soil patches loss, changes of vegetation coverage

+ B EF Soil conservation

AR LUCC K BAHE A S R G IR S5 R8T, vl UM B A 8 R G0 R 55 BE T3R8 B (1 e, X 1) RAE 1%
BB T i 7 5 B A AKX, 23 T ROBE R /N AR Sy HL 1 P 80 0 K A 23 1) RUBE I, 43+ J31) 7 8 X
AT X PIRR ROEE LT ROZ M, 38 e 12 R RE S8 X sk 1R (4 36t HE , R ROBEHEZE S0 T 4RI T — R mT B .
HRAKXWT .
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=X s
o, X, RS (R (B LR ES 2B BE I RY-FIME) 5 A, J2 XIS B LUCC ZEBIATHIAR A, 72 KRR
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B L ypse s 1 ST pse <23 88)5 , 20 IE 3 AMA, B8 v] 2 R [R]IR 55 8 1 B K/ .0 R ik, 1 Fm b 482 o
s X 1o ¥ LR RARIE 2 SR AR M BR 3 287 , 308 ES HRAARE IR A ] AR Sy 45 B 48 5
RN (8] 53 A W D 25
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R 4 3502 (AT ) ) (2002 A5 fE) , % LUCC Zif% 3430 13 25 (- 1) AR B (F) 7bHi(D) i3
(C) KEE(G) Rl (S) FRHL(B) A MU (W) JFEARMHL(SH) BB HL(A) KESHE(R) BAA
Wk (ST) A S RO (MG) FE A 3 R (HG ) o /K B YT 3R /K PRI % R B A 1 1 1 52 N 2605 3l 52
M) F) 56k 3 O 8 e LA SRS X BS B2 A K, LUCC S n] F R iR ik A0 . 1558, FIH IR 4740k (-2,
-1,0,1,2) P 4525 LUCC XF ES (g, -2 fRRRZL G m VEH , XHEREE ES o Bl 22 sk B IR VR 52 1k
SEAVAYIE [ VR, % BS o AL HE RN 58 1R ]
2 #R
2.1 HF LUCC BMMAER ARG RS L4

B, HE T X LUCC 28I 25 T S R G S5 (£ 2) , SR 5 R 0 R 4T 4331345 Luce
FAVFLALERE 2 BS OIS M (E , AR SUN IR ES 38 BN S TE B 28 8 A4 . L4 IR 55 (P ) 4 it fa
ZFE(P1) JRER(P2) MHEH(P3) (25 (P4) AKF(P5) BIHIZK(P6) AAEY)(PT) FIBETE (P8) s 35 IS5 (R)
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Fig.1 Distribution of LUCC at study area from 2000 to 2009
R2 ETARAESRGRELZNESHIE
Table 2 Habitat values based on different types of ecosystem services
ES 257 Types of ES A F SH W MG HG G D ST B S C R
250 55 P Provision services P
124 P1 Fish P1 0 0 0 0 0 0 0 0 0 0 0 2 2
JZR P2 Fruit P2 0 1 2 2 1 1 0 1 0 0 0 1 0
il P3 Forge P3 0 2 1 1 1 2 0 0 0 0 1 0 0
2541 P4 Herbs P4 0 0 2 1 1 0 0 0 0 0 0 0 0
A#t P5 Timber P5 0 0 2 2 0 0 0 0 0 0 0 0 0
KK P6 Water P6 0 0 1 1 1 1 0 0 0 0 0 2 2
LAEY PT Crop P7 0 2 0 0 1 0 0 1 0 0 0 1 0
HETH P8 Energy P8 0 0 1 1 0 0 1 0 0 0 0 2 1
5 5 L Habitat value 0 0.6 1.1 1 0.6 0.5 0.1 02 0 0 0.1 1 0.6
P % R Regulating services R
S AEJHTT R1 Climate regulation R1 0 0 2 2 2 1 1 1 1 1 1 2 2
TRWUZ R2 Carbon sequestration R2 0 1 2 2 2 1 0 0 0 0 0 0 1
285 R3 Pollination R3 1 2 1 1 2 1 0 0 0 0 0 0 0
Bt R4 Flood protection R4 2 0 1 1 1 1 0 1 1 0 0 2 2
+ 49842k RS Soil conservation RS 1 0 2 2 2 2 0 0 0 0 0 0 1
FE43 WL R6 Nutrient absorption R6 2 2 1 1 1 1 0 0 0 0 0 0 1
G 5L Hi AP Habitat value 1 0.8 1.5 1.5 1.7 1.2 0.2 03 03 02 02 0. 1.2
ALK %S C Cultural services C
M SCIEZEHRL C1 Type of local cultureCl 1 2 2 2 2 1 1 0 0 1 2 2
250 C2 Landscape Aesthetics €2 1 1 2 2 2 1 1 1 1 0 0 2 2
AR TEME C3
The intrinsic value of nature C3 0 ! 2 2 2 2 2 2 2 2 2 2 2
IR RAKIH C4 Entertainment C4 1 1 2 2 2 2 2 2 2 1 2 2
Wi B M4 Habitat value 0.8 1.3 2 2 2 1.5 3 1.5 1.3 1 1 2 2
SZFFARSS S Supporting services S
Fe&VEF S1 Photosynthesis S1 0 2 2 2 2 2 0 0 0 0 0 0 1
HAEFR S2 Soil formation S3 0 2 2 2 2 2 0 1 1 1 1 1 1
3 AL S3 Soil formation S3 0 2 2 2 2 2 1 1 1 1 1 0 0
G 5 HiLH Habitat value 0 2 2 2 2 2 0.3 0.7 0.7 0.7 0.7 0. 0.7
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PRI (R1) BRI (R2) (285 (R3) (Bilk (R4) | RIER (RS ) FIFRITU(RO) s SCALMRSF (C) 42
MY SRR (CL) B FOW(C2) AR NTEMNH (C3) A ARIKIN (C4) s SRR S5 (S) , R AOLAVE
(S1) AMEFR(S2) M LBIERL(S3) ., [T, DIE X RS it 550, R A ArcGIS 115 2000 2009 4 LUCC TR,
A3 5] A, /A o

I3 2 1, (40 IR 55 rh e A PR b AT S b (R e, S L L bRy 1, BB IR T 1 PR IR, P S R
G BB B, A 1.7, TR, BRTTER A1, 4% LUCC ZE70 58 7 A 45 B b (B350 w3 TR 0L AR AL 45 Al 45115 Sk
MR 45, BRI G S b (E A 0. 8 b, HLAh (B X5 i 1, G 5 b {4 A Y 408 v R S A i P b IR 55 5 S R
S5 SR AT JEL 1A O, 45 2 B b FUMCHb AR R K, 3590 2, JL A2 Y A A L b B 8 o 4 v, R SR B R 7Y
25,

A0 AR B e E R I A P T R 38 48, SRV DX G R B K, Hh 2000 4R 14. 24 %
HETINE] 2009 4 32. 89% , {H K RE FIMR A Bk A1 Mo i 5 WA 5k 5 B IR VB DX A, T A oA e 0 v 7 5 o b
1k PP 300 9 5 YT 2 T A 3k 1, HEep ) N R R 4% 4 Y 8RB X F 2000 4F Y 67. 52% 3 E] 2009 4F 1)
71.60% ; 76 H MM X RUEE I 3 B i b A A Y FH b 5K B R B 43 50386 1 5. 93% F110. 11% , 7 5 B
FEHIE /DT 23.72% DR, SR AR Ak B0 S i T X P AR s A AR S AR WR A i S,
TFRE ES AR T ZIAZSE . A 1, IR 2 F LUCC H AU 4 A, 75 209 BKOATH M X P fh R ES fE
8% (£ 3), [\IRF, FIH ArcGIS 153 2000—2009 4E ES k45 fie 25 ] 404 (K 2) .

£33 ETERTHARERENESRGERSENIEHLILR

Table 3 Comparison of Ecosystem Services Capacity at the scale of irrigation district and study area

BEiRss RS SUiREG KRS HEggiss WIS SURIRSS SCHERSS

Provision Regulating Cultural Supporting Provision Regulating Cultural Supporting

services services services services services services services services
2000 4F 2009 4
=X 0.40 0.60 1.33 1.32 =X 0.42 0.71 1.29 1.37
FKE X 0.49 1.35 1.80 1.70 KA HE X 0.43 0.98 1.54 1.45
PRI 0.37 0.99 1.63 1.26 B HHE X 0.34 0.91 1.57 1.13
PURRHEX 0.43 0.82 1.39 1.45 PEREX 0.36 0.72 1.30 1.16
BFHEX 0.39 0.83 1.45 1.33 BRI 0.34 0.71 1.28 1.18
TEFEREIX. 0.28 0.66 1.49 0.89 TEEEEIX. 0.26 0.50 1.37 0.83
HMX 0.43 1.03 1.59 1.47 HMIX 0.38 0.82 1.41 1.27

2% 3 0 A R 55,2000 A RIEHE X 1, f5cim, 0 0.49 1638 K 0. 28, fiefiX, & 2009 4, B I =W X
HEnE) 0. 42 b, HATE X L4 AR S E I 0 NS LT e/, 4 0. 26 3 1T AR 55 H, 2000 4 RWHTHE X 1,0
F1.35 i, E=HEIX R 0.6, FAIK, 2 2009 4 B B =X NS 0. 71 A, HATE X JE T IR S5 (8000, 16
FEARNIARAE, ] 0.5 ; SCIBIR S5 T, 2000 A4V X 25 55 RN K, 28 2009 4, SCAIRSS EAS [ RR BE 0 /N s SRR
55 AEA SR AR 55 A (EURE IO 1 A 55 (2 v [ B L 265 IR 550 5 A 1) BB R B, AN TRDHE X 48 IR 55 1) 1y
W A SCA IR S5 > S IR 55 > TR T IR 55 SAELR R 55 . HH N IXORUBE | ,2000—2009 4F- 4% Bl iz 55t 52 9/ e 3
MRS T E DOV I B 1) LA R I, A5 IR 55 1 TEZE AL SVE X RO [ 2 P45 AR S R G
S =i N O 151 PRS2 ol W oA T B
2.2 RIE R 20 AR 7S R GRS L4 A5

P25 43 b S+ W R 7 AR ES BEZG A5 [RRESR FH AL 4T 40k, 5 B /R . MRS
kAT A R AR (2006—2020 4F) ), 22 7 JEHE A0 bR 7 3 1) B SRR, SR IE AR 25 Ml
2) BE P EAE 53 ) AR H A, 76 SR A FE IR At %o DX PN B i it e e ™t R Rl ™l Ak sl Al A
S X JE AR L0/ 34) T e & R R aRE TR 16 T 06 4 R B o in T4 7l b A sk iy Tl el
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Fig.2 Distribution of ecosystem services at study area from 2000 to 2009
X 35) AR K i 56) R TT 2 < Pl S8k T [ 50 2 Bl MR JR T 5 7 ) e 828k (3R 4) .
HI 4 0, A SRORAP AR TT & X 4528 ES HLan 5 A (2 EVE T, 1 %0 4528 IR 55 1P 252 i B K 7 0. 7,
JRBEBIRT 0.9, HIRHIT AR IR 55 SCH R 55 F S5 ik 554 B R O A2 SRR P B2 24 R+ 1. 7 41
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BCHA - R 7 5 5 FE A T R O 5o R | T M RO B8 ) X ES 4R R
M ELAT S SIR 0 7  A FH, FE R4 RS R SR = 2 IR 55 s v B A A ) B 4 P B B, 230 R -
1.5 =1.5 F=1.7  GEWITESR PN AN X EE 3B SR 0 RE MRS ) SR BE B, DL B S B DR ™ e i S By 2 L9 1
SCIR S5 LI 5 % P S A LT/ P, — 7 T S I A 288 396 s S B 5 X3, ) T 3R T AR S R B
55, ANAHA T A6 TINS5 B30 1 SR 8 e R A ), A 2 e — 8 LS 8 15 sl A DR 48 )
TR AR S P R it 2 A R | AR — LU R IR AR AP XA SCAR N (85 73 9b, 4% L ] 5 3022 18] A AR
PR, 0 T4 e 5 A U S AN TR R BE AR FLAR BRI AR IRUDGSS AR, BRI —JBous HoAtb - b )
720 ST 3R A2 2% BAE T G 2% ml a0 4% 3t 1 P A7 il o A #5 A7 B T ES 55 LUCC B98Ik

W
F4 AELMFABAXNESRERSHZ M
Table 4 Impact of different land use forms on ecosystem services
FARGRYT B RMEK IW‘%’@%% S MHIT R ﬁ@%ﬁfﬂ\lk
Nature Road Farmland Mining L. Wetland Fruit

protection construction  construction  integration Urbanization development industry
L2 IR 45 Provision services
fa2 Fish 2 0 0 -2 -2 2 0
JRER Fruit 2 -1 1 -2 -2 1 2
ikl Forge 1 0 2 -1 -2 0 1
2jb} Herbs 1 -1 -1 -2 -2 2 0
AHF Timber 2 2 0 -1 -1 1 0
K Water 1 -1 1 -2 0 1 -1
RAEY) Crop 1 -1 0 -1 -1 0 -1
HEVR Energy 0 0 1 2 -2 0 0
SEHIFENR Average impact +1.3 -0.3 +0.5 -1.1 -1.5 +0.9 +0.1
PHHT k55 Regulating services
S AT Climate regulation 1 -1 -1 -1 -2 2 1
KWL Carbon sequestration 1 -1 -1 -2 -2 2 0
28} Pollination 1 -2 -1 -2 1 1
M7t Flood protection 2 -1 0 -1 -1 2 0
+ 342 Soil conservation 2 -2 1 -1 -1 2 0
F243 WU Nutrient absorption 2 0 1 -1 -1 1 1
SEYRZ Average impact +1.5 -1.2 +0.3 -1.2 -1.5 +1.7 +0.5
SCABAR S Cultural services
SCAEZETY Type of local culture 2 0 -2 -1 -2 1 -1
F2 5 M Landscape Aesthetics 2 -1 1 -2 -1 2 1

IRNTEME

'I[%}Ile i?ji::ﬁ{illue of nature ! 2 0 -2 -2 2 -l
R SRR Entertainment 1 -2 1 -2 1 2 -1
452N Average impact +1.5 -1.3 0 -1.8 -1 +1.8 -0.5
YRS Supporting services
Jt4 EM Photosynthesis 0 -1 1 0 -2 2 0
RAEH Nitrogen cycle 0 -1 -2 -1 -2 2 -1
1Y AL Soil formation 2 -1 -1 -1 -1 1 .
SEHIFE Average impact +0.7 -1 -0.7 -0.7 -1.7 +1.7 -0.7

3 g
3.1 EBRGRS AR

ZEAATIE 1 RN 2 (55 AT R IAFSE X 2000—2009 4E =54 28 RS0k 55 2K A 1y 23 [l A0 A A a0 4
MLE G BFFEIX 2000 AE R EEZS 55 A 77 BE 8 AL TR AEKF 2 2009 AF ARMEIX I 2 2 T — LR
1) J 24 AL FESTT IX S — BRI 568 = T IR G5 X AR 22 i RRAEAE 2009 AF#F— 20 W3, 0 = 7E v 55
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JEE 1 TR DX PR R T 1 DX kg B S 5 KB DAL 5 A b 118 9819 AR 95 — LA, 1) 2009 4F, 3T DX 3k 11 37
R SsA En  AR IR AR S5 0 SR R IN T OO R 2 AR 45 i A 5 55 =, SCAR R 55 o i (i 1 LA S
B RS DX, FR R — SR X VR [ SR R DRI R M AR O X [R] s A A K 3 & 2009
AF PR R T X 38 A SCAR AR 45 A= 77 BE 7 0 /0 B 48 5 26 DU, 2000—2009 4F, 37 5 Al 45 16 (8 X B s 2>, i {E
DXHE N AR AT Z 0, B AR R A, SCRFIR 500 R 2 (R A Wy Ak 2k B DAk o e r st T , 0% 4
FETER R AN 2 1
3.2 MBS SRS

SRAR T IEAEF T 38 [ R GOR M A e b v DA AR LA AR 2R AW P i &, vl o A 24
BEOR R CIT T , S8 INBf 77 | DR Jm) U S IR ER , By koK T AR A 7R B P 3 ik A v 107 40 43 A AR 2
ARG ARG , BOBAA B T3 BUR PSR R iR el s i b2 k. i &1 2 0, BRI LA, e
DX 3ol SO R 551t A v, DR A LT DA 52 0 51X A A/ 5 o SR ] 4 4, O B AR s ) S50 22 AL, T
ES 25 [A1 L AR X R A5 X ES HoA EZAE A (R332 [a] A8 AL AR AT 24 1 ES BIFFE TS 2 AL

ES FIAZEAR AL 1) 56 202 21138 SUFRMIFFE I IS 38 R IS ] D% A3k O = R o A rh i 1 22 vh 2
IR, F AN ZETE Sk Sl i il e i e AN T 3 i) = b R 5 AT B4 30 LUCC MR 2044k R AN 2357
BP9/ S 4 R 15 R 55 e 0 s KA, BV 2h sl & R M AR S R G55 1 AR P BE I A TN B R BT e 2
SEOPEMA RS R R, A SCE EECE A, A8 R Rk i S
3.3 REEES T

LIRITE TR R LUCC ZEAMEHE ES 0y XL, (2 AT B2 200 /INX IR 1 F, i BB RN 1 e
SN, R /NI LR R ES 28R MR, WK ZESTHE T o 55 A PR B KR A
FEAEH P SRR bR [A) RUBE b R AN s M, DR OR JEURIF 5 X T AR /0N, 1 I R X T B L0 A 1
A7, N FR B A VR FHAS B 8 (A b2 3 e B AR S AR ) Xt I >4 1 i P AN 2 P X 43 B 4
B2 5 [R1E LUCC A8 As BE AN ES SR A {2388 = R ES ZEBUM A P2 RE J1 , A I AT T J ik T [R) Bl
TR FUBIFSY s e , 36T U R AN A 19— S & AT A — 2 19 E AR AT, Qnf JRICEC S & 0 & AR
R FFEME AL, 77 25 | A SR A 118 2 8 220K WU A S8 - A SCERHY 28 SURFREAT B T8l DR 22t 58 vh
AT A PR | A R Tl A

X} S A RS 00 AT AT A B T A AN — A A B R A R il 2 A N — e 5 oK, ELAT AR UM AT L
PE 5 BE25 RN SCAR IR 55 18 20 AT o ZUAE T 5 DCREAR I SCAR SIS AU AN [R] SCAR IS AL 9 A HE XL 265 SR R 55 1A
WS 225, T B 5 ASCICHELIS A S HIR, ARRRERE ES ZRALSMHT o BB 1 1
4 ZEig

ARICHETF LUCC HFRAS RGENRSS 25 MALHESY , 5 5 2R 01 . 1) 763 ORI H N XA RUBE |4 28 ES A"
BESEI RN  SCACNRSS > S HE IR S5 > VA5 IR 55 > L4 IR 5552 ) 2000—2009 45,4 2 ES HE25EB 2 386 Jalta 3 , 7]
B, 0B FH 865 X 18 A5 N ST sl 0K 0 1) = i R Dy R 4 | A S Rl DX B S i B TR 53 ) Bl 2
BB A Z RG] ES PR AL Xt R 3, X Kottt 2557 b2 AR 285 25 2 B 22 08 808 R Y 23 B o2
WFFEHER

ZITE T T2 X, AT e B RS T S 3R T i o A 2 i B 23 AR Ak A BT s M B — I AE B S &R
SR 55 T HE SR 2 S T R AT R ) TAE 7 TAER A Bh Tnai a3 R 25 AH DG Fpk 3 2 (8] 1) 5. 8h A B 1A
YU 25 ZR G R AE AN H o A 2 p ik ) s B
Bg B P VIR ST S A SRR R DR IE LUCC B
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