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Abstract; Standard of payment is the core content of a payment for ecosystem services ( PES) project. Considering the
conversion of farmland to a variety of forestlands, based on the definition of the PES standard range, we calculated the

increments of ecosystem services in the Weihe River Basin in Gansu Province with the InVEST model and the weighted
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method, using the land use, meteorological, soil, socioeconomic, and questionnaire survey data, to improve operability of
the payment standard. The difference between forestland and farmland in ecosystem services was used to characterize the
main increments of ecosystem services of water yield, sediment retention, and water purification. The number of ecosystem
services for forestland came from the weighted sum of weights (the ratio of each kind of converted forest area accounted for
the total conversion area) and the number of ecosystem services per unit area of corresponding forest. Additionally, setting
the increased value of ecosystem services as the payment upper limit and taking the opportunity cost of participators as the
lower limit, the differentiated PES standard of returning farmland to forest in 15°—25° and above 25° sloping farmland were
studied from the standpoint of a new round of national policy oriented towards returning farmland to forest. Furthermore,
from the standpoint of fair distribution of benefits, the differentiated PES standard in different net income regions, coupled
with opportunity cost input and ecosystem services output, were explored. The results showed that the PES standard of
returning farmland to forest was range from 146.39%10" Yuan km™ a™' to 481.98%10" Yuan km™ a™' in the Weihe River
Basin of Gansu Province. With returning farmland to forest, the annual value of water yield would increase by 1.49x10*
Yuan/km”; the annual value of sediment retention would increase by 479.55x10*Yuan/km”; and the annual value of water
purification would increase by 0.94x10* Yuan/km’. Secondly, the results showed that the areas in sloping farmland ( 15°—
25°), which were the upstream faces of important drinking water sources in first —level protected and reserved areas,
accounted for approximately 10% of the sloping farmland. If all above—mentioned areas in sloping farmland (15°—25°)
changed to the forestland, PES funds of 13.95x10"Yuan to 33.55%10° Yuan would be needed. For those above 25°, PES
funds ranging 12.96x10° Yuan to 28.35x10° Yuan would be needed. For the areas in sloping farmland ( 15°—25°) , the
increased annual values of water yield, sediment retention, and water purification were 13.35%10*, 337.42x10"*, and 0.81
x10*Yuan/km’, respectively. Values for the areas above 25° were 15.99x10*, 302.90x10*, and 0.76X 10* Yuan/km®,
respectively. The ranges of PES for the areas in sloping farmland ( 15°—25° and above 25°) were 146.39x10* to 351.58x
10* Yuan km™ a™" and 146.39x10* to 319.65x10* Yuan km™ a™'. Finally, compared with other districts, the maximum net
income of returning farmland to forest appeared in the Maiji district, and the minimum was represented in the Longxi
district. Their ranges of PES were 202.23%10" to 727.92x10* Yuan km™ a™'and 96.99x10" to 136.53x10*Yuan km™ a™",

respectively.

Key Words: watershed PES; InVEST model ; opportunity cost; increments of ecosystem services value; returning farmland

to forest
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Fig.1 The basic logic of payment for ecosystem services!'*’
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Table 1 The increased water yield of returning farmland to forest in the Weihe River Basin

W5 X 48] TR Hb 7K T Mt K VR TR % BTG K A R
Study area Water yield of forestland for returning farmland Water yield of farmland Increased water yield
THIR 47.27 68.44 -21.17
Bl 74 85.37 70.15 15.22
Rl 123.90 100.98 22.92
KRS 98.25 75.04 23.21
ZEM 76.06 96.61 -20.55
BN 99.58 69.63 29.95
A1t Total 75.10 72.48 2.62
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10°t, Hor 2 s /b i 9.43x 10%, B F B2 BT 1.52%10°%, v i 250.76x 10", H A7 1 A b >
197.54t/km? , B T AR 3O RF i 8.65%10%/km”

N
A
JKE 3% &/ (mm/km?) TIEORREE/ (t/ km?)
l 342.83 wr 219600
0 o
S/ (kg/km?) Wit B/ (kg/km?)
= 671.72 - 85.83
0 0 20 40km 0

B2 BATREFRRESEERSE

Fig.2 The ecosystem services of the Weihe River Basin in Gansu Province

2010 4FAR MR-+ IR R 12.89x 10t/ km? , HF T34 + IR R 5.39% 10/ km? , IR BFIE AR AT
B R 7.50x10% v km? o IBFFIEAK 150—25° Sk Hb T AR 5.28%10 v km? . 25° L4 E 3 Hb
B E R R 4.74x10 v km® £ B/ X 22 BRUIXOE G O FF B fe iy, 0 11.10x10% v/km® , RO TH IR
B0 6.94x10 v/ km®, B PH ELRAIG, R 2.00x10*/km* (% 2)

(2) s IR

RS SE IX SRR 711.6 427T, Forb £ 3ERE 10 B 700 1270, AL FE 37 /3 B 683 AZTCFIA Bl
P E 17 4270 3 TR VIR 11.6 27T, B BHAMOH 1 - BELRERNE 479.55 570/ km? | Ho i i 18 + 4
NEFI 0 E 467.85 J5 0/ km”  Js/ YR VHIRFNME 11.70 J376/km®, 15°—25°F1 25° L)1 3k 184 + 358 (R R
(B4 1A 337.42.302.90 JiJt/km®, 458/ [X i, 2 B8 + e RS (55 7, A 709.73 J70/km? , i1l i
i, 127.88 JiJ6/km’
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®2 BUERBTTRRBHEAINIETERIFE/ (10°vkn?)
Table 2 The increased sediment retention of returning farmland to forest in the Weihe River Basin

IR AR O

BT . . BEHL SR B BB
Sediment retention of forestland R . . . .
Study area . Sediment retention of farmland Increased sediment retention
for returning farmland

HER/S 11.10 4.16 6.94

Bl 74 6.51 4.51 2.00

il 13.81 8.16 5.65

ES 11.65 6.47 5.18

ZM 9.13 4.52 4.61

E 16.88 5.78 11.10
41t Total 12.89 5.39 7.50

3.1.3  HiHK TR

(1) B K e b &

PRI S S AT 1, 2010 AR5 IX AL Bldn Hh 40 S 7E 0—671.72 ,0—85.83kg/km® Z [0] (&l 2) , &L Wi
B RIH 66.34x10* 8.18x10%kg, 2010 4FiRHFARHLT- R Wik 5 13.48 1.56kg/ km® | B H 145 B
i 8y 85.02 ,10.66kg/km” , IR BHFA M BUHER 73 71.54 9. 10kg/km® . 15°—25° S Bk 0 B HE
53908 62.00,7.87kg/km® , 25° UL 3 HF I BEISCHE S 4310 58.80.7.32kg/km* , £ E/ X 1L BB K
R4 b R, R HEEHE R 2 R 165,77 .20.71kg/km® . FEUCGRTE IR B Bl 76 EL AR Wik L S i, 43
SIHEANT 3.95.0.41kg/km* (£ 3) .

®3 BUERBATFREBRIHEHFTEARSELE/ (kg/km®)

Table 3 The increased water purification of returning farmland to forest in the Weihe River Basin

T

W9 IX S Expofﬁﬁ\ifhfi iTUfL(EIr::tland ﬂl&ﬁ@ﬁﬁ&i . %LWWFE

Study area for returning farmland Export of N and P in farmland Emission reduction of N and P

N p N p N p

THIR 44.11 5.23 130.98 16.51 86.87 11.28
Bl 74 22.75 2.77 18.80 2.36 -3.95 -0.41
il 19.20 2.26 184.97 22.97 165.77 20.71
HH 30.65 3.30 63.50 8.05 32.85 4.75
Z M 5.09 0.57 62.47 7.79 57.38 7.22
2 5.93 0.66 87.71 11.04 81.78 10.38

&1 Total 13.48 1.56 85.02 10.66 71.54 9.10

(2) HHg K B e

HUBLLZ SR T IR B ARHTHE K BUA AL OB 0.94 J178/km® , H b SUEUHHE 0.26 J770/km? BT 1 &
WU E 0.68 J7I0/km®, 150—25°F1 25° L3l B M 704 /K R e AL A0 (23590 4 0.81,0.76 J7 J0/km? , 4% EL/IX
R EOHE K BT N e, o 2.15 T3 o0/km? s HROGETEIREL . B v BoK BRd AL M (B0 T 0.04 5
Jt/km’
32 RPHLZEARA

HAR A 0, B2 U 10 B 53 PN 22, 5 B AKCI) 60% 5 B 2 4 55 30 91 3 , 589% ) B AR 4R 8 9 o 7
36—60 & s ZUTRBEN HECH 4—6 A7 85% ., il (L2 UAAZ ST 8 T3 8 B/ XA g IR 2 L2
AL, 84.02 Fiot/km® . ZZFUIX IR, o0 202.23 Jiot/km®, BEPE B il B H A B AIZE N X R P HLLs
BEARST A 96.99 154.62 ,168.27 Ji It/ /km* Fl 172.17 J570/km’
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B
i

Eild 38 &

3.3 AR A AMEER A

R 5 A MR L TET 0 H R BOR BRI AR, A MR Sy 481.98 J77C km ™ a™" , S filkb
FEFRIER 146.39 770 km™ a™', 15°—25°5k 25° DL AR B ARk B AR S 0] |, A8 AR MEFRE S 43 501 R
146.39—351.58 JiJC km™ a™' |146.39—319.65 Ji7C km ™ a™' | WF5T X H E/K JF b — A4 DX §5 XA K i
15°—25° W pF M2y i 15°—25° B M TR AR Y 10% , ¥ BRH 7 44 8 — Fe IR HFE MRS AR AR MEE DI FR | 8 22K
U5 — AR AP DRI AR B8 DX KT 15°—25° 3k b 4 3 1R B I MRS A2 42 4 13.95—33.55 42.70;25° LA L3
AR IR ARTT AME A 12.96—28.35 1470, B TS B/ X (3R 4) |, SR Bk b ARz BRIX i 25
K, N 525.69 JiJC km™* a™' | AEZAMEIE Bl 202.23—727.92 Ji o€ km™ a”', IEIEE R B P E R B
/N, K 39.54 J150 km ™ a” AESAMEE Y 96.99—136.53 7T km ™',

F4 BUERBRHERTEBESRERSNE/(T/km?)

Table 4 The increased ecosystem services value of returning farmland to forest

BoEkeL kR O KRERLAE R BIRRE BLSk e
Study area Water vield value Ser.ilment Water purification Ec'osyslem Opportunity Net income

retention value value services value cost
HER/S -12.10 443.74 1.16 432.80 84.02 348.78
A 8.70 127.88 -0.04 136.53 96.99 39.54
#®il 13.10 361.26 2.15 376.50 154.62 221.88
T4 13.26 331.21 0.47 344.95 168.27 176.68
ZH -11.74 294.76 0.75 283.77 172.17 111.60
FM 17.11 709.73 1.07 727.92 202.23 525.69
A1t Total 1.49 479.55 0.94 481.98 146.39 335.59

4 @S5It

A ZS MR A0 R 2 A AS A ML) ) SR Im) T, R4 e M v A TRV DASE o) HR B
RFFTIX e TR MR T A, 75 7% AR b 1) Z2 R 5 AR 55 0 SR InVEST B A4S 32
R SRT AE AS IR 55 it I ARG A SR S5 M B A B A Pl o AR bz T BR , Se UEI G0 — 48R
HEEMEOR S AU, BT 15°—25°F1 25° DL bW BEtaR HRA A 22 AL RMERRE . 5 MR 2528 - 20 Bt F 40
L AN SRR A S AR RGNS R S RME G s AN 5 X 22 A RME bR, Sl ot 3
AR LU E518 : (1) RS IX AR S AMEEARE S Bl 146.39—481.98 7T km ™2 a™', SEiiE kb bk 4F vl i
IK IR FEMNA 1.49 T7 78/ km? 3 Fi 8 T AR FR 8 479.55 T5 78/ km? ; F 88K B AL A0 (8 0.94 T3 76/km?, (2)
15°—25°F1 25° L) b e Bk b AR AR B4 K VR A 57 (43 318 13.35,15.99 J3 70/ km? ; 13 - LR 0 (8 53 5
337.42.302.90 J7 JC/km” ; Fr 4 K B AL AN (43 50 4 0.81.,0.76 Ji6/km” . HoA: 254 METE 43 1)l 146.39—
351.58,146.39—319.65 JiJt km™ a™", (3) 4 B/IX 22 B il 25 e K, A S AMEE Ry 202.23—727.92
TG km™ a™', BEVE Bdnlicas i AR S AMEE RN 96.99—136.53 7€ km ™ a™'

WA 2002 4= 155 BE 5 T — 25 58 5 R B MRIBOR RS 1947 T =00 ) T 2007 45 45 B 6 T 58 R #F
AR ()38 1), AF 5T DX — SR AR BFA MRAMEARHE S VT 30.38 J790 km™ a™", BIARK 22.50 T3 7T
km™ a™ o AKHE 2014 AECHT— SRR BEE MOE B SR T Z2) | BIFSE DB — R BEIE MM BR HE Dy 45 T3 9T km ™
a”' . SPACIRHFAMREMERR AT L, AR SO M AMERR IR . o, b BRARIE 481.98 J5 T km ™ a” J& AT Y
BRGNS TGN E, BRI R FEEMAE BRMEMES s . B R AMERHEZ d v B 755
A, BEaR IR IR — P ECIS SIS R, (HAF— PR A SO N IRARE 146.39 750 km ™ a™
i T EZ bR @t 40T, A SCA W REJE A . — 2 E SR BHAMARHE T8 T IR B S B Y 28 BRI 25 DA
B 55 80 3 N A 1288 P s R Je R A RO ARAT I 25, AR SO M K 5 — 2 [ 5 4 B 45— o o xR
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A P SAT AN T A B T T L, A A DX B s Bl A T A R R R 4% TS A B A BUR N
5, ARV BRI R MU BR AT HR 55, =2 [ AR B A K 3k, AR BRI AR IBOR b B A E i 2%
B B AR QAR A AR, 76 B R IO — R iR A MO FUAL I T 50T B PR Bk B | XUk
P2 NI B i T E R bR

TET A S A M A 70 4 R U = L v Sk WURF AN R A8 BRIV IBU A% S A A R B PG A8 BURT 1 30 4 b
%, BB R AMERRUE BT RMERCR | I HE ST A A RMEA AL , 76 BOUM W B R S A R SR B oR
%285 (40 BOT MG 7L 5 B AE 5 52 4 47 I A3 S A 2 P sl R F B8 AR 1 1 1) il 9% D g
B ) Firt SR S 2 on bl e R

HESPRYE R TR A SRR AR Y A S BRI A T Km A, SCPFER P LA AT
AR ST B AR, TTRESPARAMERRIE TR . 53 AME 15°—25°F0 25° L _E 33 B i 3R B AR 220 1R
FERE A 15°—25°F1 25° U L epF L2 AR 43 A% G5, DA LA JE Z AN SE7E I 2o o rh itk — 25 40 #r
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