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Fig.1 Sketch map of upper stream of Heihe river basin
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Fig.2 Classification of land use for grazing and grazing
prohibition in 2005

IR ERI A PR IR T A S 2 Ik LR A S
g CHR B3 o CHRA BRED) « CGRkd 38D
Rkt X o B i) H3R 48 vkl . R 3 IRFESC R
B VL BEAT T i () R e . AR T IR ST X
AR . R B R R AR AR AR

FIFH 100 mx100 m 7% [i] 7 HF % DEM #4050 X
XI55 31 AT GRS A 13 000 hm®) o %
T2 MoK SCm R s ek R AN (4%, 135
¥ T BB CE N 10% ) I 2r K SCAH N R T

+/ =

(hydrological response unit, HRU) . K2 (Penman
—Monteith) J5iEiF HIEEA UL, KA SCS 12t ik
#¥7): (soil conservation services) & HFEEH, KHD
WiatiJr#E (Muskingum) JETHE I IEVC . KA LH—
OAT REQLIMTIEREATBUBNE 3T, 1 S Ae il
MEZESH A 1990—1995 R EHE BT S 50k &,
1996 —2000 4FFIAEIE I UERBIAY . B B PP i
PRAEFTARRS 22 (E,) | Yo REL (R Al Nash—Sutcliffe
MR (E,) o E, AT R, W] s SE i
5 BBERME 2 0 R B R . R MR R EOT Ty, W
Wi S S5 BB R B ) SRR . E, F] T
RURTHOE 5 WA 2 T0) U5 B, AT 1, TR
T R BT N . 31X 3 ANVE R bR AELE BAH Y
(L A, BIARRE R 2 RN T 20%- B, 1R 23 BTE E
E,>0.5 15 RP>0.6",
2.2 mOBIRE

/NI (minimum-data approach, MD) H: T2k
BRAGMBFBHEMINSHAESFESRE RS
(ecological services, ES) [Ifit£A <™. h1T ES fofit
MR A2 AT A R AT 25 ) e o, 3 75 ST &
AN JURE AR I 28 BE PR AR Y o X ) 9T — M e
BUR S MEAE,  IF HAR € i i 2 0% s I ge il i oy 8
HIatmaikim. RS, BEEA I sy 5t
Ui LR IR EE PRGN (R Bt o doe /N B V2O AR A M3 )
S5 R IEAT T 40 fift, 30 I AH DO ] ) = F- 4l Clnget

el S ES LS 2k . MD RSB R LU KAk
ZUFARA N H AR T LR R B AR B
TEAE 2 Fhse et TR 7 K. Bk, FEREAS T
W RE T PR 3R 5 5 a R b, BIECHCRIZR AR . B
T 56 R P 2E /KRR IR SS e h 0, ARG 5 T ml 7
e 47 (m/hm®) 1 ES, e NESRLIRSG T HE,
BT SWAT A AU RLALL 1 50 5 A5 0 5 F 1 F 73 3
KR . BRI 1 w0’ 16 e B 3RAE p. Cu/m®) AN
B2 A3 KA/ NI E R EA A v B2 S0 X
W AR I L2 AR AT 31T o

AT EL IS 7 o DX TE N A AESOHL 2% A 11 1 7
R K il e B DR AR A T, 36 & 25 M.
ARYGHAE LRI 150 4y, Wbl 137 4, A RR
H91.33%. Hh, FBERZ (7040 « AlS 740 .
Kz 640 LIALES 440  HRIAERINLE
FSCASTE B TR I B S TR R AR 2 A . S, TR
P as EEAAR LR EAE. RSN, AR
AR EFAFE LR BE, I PSS X
BL2s BOAEHE ) HTR B, AN Rl F s i AR s AR A 7]
SEREEMUSAS ) 289.99 JG/hm?, AR N 130.50 JG/hm?
CTHEE 1), & 580.80 Jo/hm® (Tt 9) , &
B RoR TR g5 (B 3) o FLaS AR kS
FIg L BRI IR R AR K

N
. 5 X
i
6
244 s
15 119
10 1213
16 14
17, 18
719 2205
Bl A /(E-hm ) Al AT
THAREIR 258 45 2628 ¢
130.50 32235 0
154.05 34020 3
174.45 381.60
210,00 42435
213.15 580.80

0 20000 40 000 80 000 m

T B R RN TR T
B3 HHR A E 5
Fig3. Spatial distribution of opportunity cost for grazing
prohibition
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Fig.4 Observed and modeled monthly discharges at Yingluoxia hydrological station from 1990 to 2000
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Fig.5 Observed and modeled discharges at Yingluoxia hydrological station during calibration and validation period
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Study on ecological compensation in upper stream of Heihe river basin
based on SWAT model and minimum-data approach

Liu Yuging™?, Xu Zhongmin'*, Nan Zhuotong?

(1. China Key Laboratory of Ecohydrology and Integrated River Basin Science, Cold and Arid Regions Environmental and Engineering
Research Institute, China Academy of Sciences, Lanzhou 730000, China; 2. College of Earth and Environmental Sciences, Lanzhou
University, Lanzhou 730000, China; 3. Cold and Arid Regions Environmental and Engineering Research Institute, China Academy of
Sciences, Lanzhou 730000, China)

Abstract: Relationship between land use change and supply of ecological services is a key for payments of
environmental services. Based on payments for environmental services in upper stream of Heihe River Basin, the effect
of payments prices change on the ratio of grazing prohibition and its provision of water conservation services was
analyzed. The results showed as following: 1) the average expected rate of water conservation services between grazing
and grazing prohibition was 25.27 m’/hm’; 2) the constructed SWAT model was shown well to simulate hydrology
processes in upper stream of Heihe River basin and relative error of average annual discharges reached 16.3% and 15.6%,
E, reached 0.81 and 0.88 and R’ reached 0.94 and 0.93 in the model calibration and verification period respectively; 3)
difference of opportunity cost in grazing ?rohibition existed in each sub-basin, and the average opportunity cost in
grazing prohibition was 289.99 Yuan/hm”; 4) the additional ratio of grazing prohibition and the supply of water
conservation services were difference when the payments were different. When all low-quality grassland shifted from
grazing to grazing prohibition the total sug)ply of water conservation services amounted to 7.79x10° m’ and the
additional services could reach 7.66x10° m’ during 1990 and 2000. This paper provides a scientific foundation for
determination of compensation standard and space choice of ecological compensation object.

Key words: ecology, compensation, water resources, SWAT model, Minimum-data approach



