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Study of ecological compensation of the Grain for Green program in the middle

reaches of Heihe River based on ecosystem services

MENG Jijun* ,WANG Ya,JTIANG Song
Key Laboratory of Earth Surface Processes of Ministry of Education, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China

Abstract; The Grain for Green program is the largest ecological construction project in the world thus far and has played an
important role in ecological restoration in China. Taking the middle reaches of Heihe River as the study area, we evaluated
ecosystem services, such as water conservation, soil conservation, and gas regulation, and calculated their increment after
returning farmland to forest. After combining opportunity cost and service increment, the minimum data approach was used
to deduce the compensation curve for returning farmland to forest. According to the three scenarios of policy objectives, we
compared the compensation standard, proportion and scope of returning farmland, and the increment in ecosystem services
in different situations. The results are as follows: () Conversion of farmland to forest contributes to improving the capacity
for ecosystem services. The ecosystem increment of water conservation, soil conservation, and carbon sequestration per unit
area was 8.87 mm/m’, 105.67 kg/m’, and 43.16 g/m”, respectively. @) If ecological compensation is not carried out, only
1.42% of farmland would be returned to forest. When the compensation standard reaches 4,381.35 yuan/hm*, 5.17% of
farmland plots could be returned to forest, all of which are suitable for forest growth. When the compensation amount is 7,
500 yuan/hm*, 13.98% of farmland can be returned, and most of the plots are suitable for forest growth. If the

compensation standard is 2,803.06 yuan/hm’, the proportion of returned farmland is only 2.55% , but all are suitable for
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forest growth. 3 The minimum data method, in theory, can provide a relatively efficient and economic compensation
standard. The current policy standard of 7,500 yuan/hm’ is in the reasonable range of compensation. These results can
provide scientific guidance for improving ecological compensation mechanisms and ecological compensation efficiency in the

middle reaches of Heihe River.

Key Words: Ecological compensation; ecosystem service; the Grain for Green; minimum data approach; the middle

reaches of Heihe River
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Fig.1 The theoretical framework of ecological compensation
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Table 1 Ecosystem service capacity of different land use types in the middle reaches of Heihe River

P \&//741T B
ii%ﬁi?i? Walcrjii;niﬁ?ﬂion/ Soiliii?t‘ion/ Carbon s:]iz}(:}tratiun/

(mm/m*) (kg/m~) (g/m”)
BEHL Farmland 28.87 9.59 294.73
MRt Forest 37.74 115.26 337.89
L} Meadow 60.80 104.35 166.63
K Water 7.99 10.32 101.01
HE M Construction land 31.78 6.24 97.47
FA M Unused land 47.19 28.98 55.97
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Fig.3 The probability density function of opportunity cost Per Fig.4 The relationship between the prices of payments and the
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Table 2 Results of the scenario simulation

5t Scenario %% 1 Scenariol 4% 2 Scenario2 %4 3 Scenario3
AMEFTRIE Compensation standard/ (yuan/hm?) 4381.35 7500.00 2803.06
B HFEEH Conversion proportion/% 5.17 13.98 2.55
Pk Water yield increment/ (10° m®) 1.38 3.74 0.68
- HEfE 3 Soil conservation increment/ (107 t) 1.65 4.46 0.81
[ R348 Carbon sequestration increment/ (106 kg) 6.74 18.21 3.32
JB & B Aggregate amount/ (10® yuan) 0.68 3.16 0.22

3.3 RHRE I E BOMR IS B S AT
MR FER BT & 3 AL S, SRR ERE L A CA 3018.58 km?, 15° LA B 3E R Vb Ml S BE K e
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FH M B2 8 DX 3, HE A VDA kb i AR R LR TR Y 50% , U AR mf 40 A7 7 v 3 B ] S IR 48
ERBEAL A B A P T UG kX i K RE DU 22 43 A TR ML 0 1 Sk M
®3 EHEE N LR AR ERG
Table 3 Area of the land types in the scope of returning farmland

25° L 4k VAL HL EEN i BAHE R

ey 15°—25°#} ¢ B

— > 5ot Farmland Desertification X R Saline-alkali Return it

Type 15 °—25 °farmland Gobi . Farmland
above 25° farmlan soil range

T Area/km? 11.30 1.61 346.06 173.55 79.57 612.09 3018.58

S R B P AR L E B VRS SR A 4 TR 6, LLPREL AR B AR b B Ao, R I
B I LS B0 DI V3 B 1) R T R G R 038 B P /N 1 28 TRD A A B, i3 4 B 612.09 km® AR #F
JLHIY ,66. 12% H LIS BHEEHEA AR, Horb s Bl B AR B AT 9 km?® , B LB ) — S b B i, a6 B
FEGE EA A K A TR 390 km? | F2 2200 A5 72 I 2 E S H N XA =7 5 B AP 58 2A T 3 i Xk, A
TN TS B HFHL TR 204.26 km?, (7 3R B LGV R 33.88% , F M 7R RARE i p B &%
o B AT M A R B X

x4 BAHFRHSTEAKERESIT
Table 4 Statistics of forest land suitability in the middle reaches of Heihe River

SUNEN ol BEE EH LSS UNES AT A&

Suitability Very suitable Suitable More suitable Less suitable Unsuitable

L Area/km? 9.00 183.87 205.81 162.11 42.15
PR Bk [ EL )

PR L 1.49 30.50 34.13 26.89 6.99

Proportion of returned farmland/%
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Fig.5 The scope of returning farmland in the middle reaches of Fig. 6 The result of forest land suitability evaluation in the
Heihe River

middle reaches of Heihe River
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Fig.7 The spatial distribution in different scenarios in the middle reaches of Heihe River
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£5 BRUHEREESR TRHEREIT

Table 5 The statistics table of different scenarios of the Grain for the Green in the middle reaches of Heihe River

Jotk S 51 =) 53

. No eco-compensation Scenario 1 Scenario 2 Scenario 3
25 Type

LR et [ et T et T et

Area/km?  Proportion/%  Area/km?  Proportion/%  Area/km’>  Proportion/%  Area/km?>  Proportion/%

15 BE3E H. Very suitable 9.00 21.00 9.00 5.77 9.00 2.13 9.00 11.69
i@ H Suitable 33.86 79.00 147.06 94.23 183.87 43.57 67.97 88.31
338 ‘E. More suitable — — — — 205.81 48.77 — —
BORFEH Less suitable — — — — 23.32 5.53 — —

AN ‘H Unsuitable — — — — — — — —

& 7 FE 5 A0 AN S A 2SR TR AUA 42.86 km®(1.42% ) BHFHbJE 2 507t 1B Ahd Ak, B X I
FA) PR b BT Sy v T RS S, LR AR AR b e =2 A7 A RS i ) 8 R N X, DA S M B 4R A
S E S NIPR =

150 1 AR YR KA T SC B GRS E R B L) 5.17% , 84T 909% 111 Bk ik Ak B 4 v 43 A
TR H N XA & B e R B R TR v Bk KR A T, A o S I RS A
FIFARH Y RS FIAE G, R, (ORI BT — FE IR A MR 77 28 ) TR R SR 5.179% (R BF R AR H A B AT
BReE PRI AT, TR B e A AR 2

5% 2 AR B AT E R A AMERRIE 7500 J0/hm* B8 FR BEHAAK H AR . 3T /N 5 03138, 78 BRA T 4 b
PERRAE T ] SEBLR AR R 4.22x10% hm® | 28814 H /T HAY 1.56x10* hm?, 25 [0 45 R BRI 3
B & BARIH R B E AR, b SRR AR TR 60% LA I Mk b 403 T 40l B A
KA b TR 5.53% (14 AR BT A 30 B, B O AT DA 3 AR A R IS AR b AR K SE R i i AR S
£z o

5 3 MR I TP i R VDA B R AR BB B A BL 2 AR 2803.06 T8/ hm i GE A AMEFRifE . 1B #F
Xk FE AR S H M X m A E PR H el m AR A K HEE PR B A 25 0.77 x 10
hm? | AT VE AR HFAMRTE S B DI BT 5

4 Z5iie

FT P SR AR R R GRS LA R ) — W, X2 SRR, S IR R RE D, VY AGHREE J) 55 00 2 8] 43 AR
FRAE . SRR RN R R AE ) o A 30 A Mk, SR BHA RS |, 507 T BUK IR 5% | H IR A i = A S R 45
R385 50 8.87 mm/m’ 105.67 kg/m*>Fl1 43.16 ¢/m” , ZFHBBHIEMA B TR S AESRAE RS EE S, 1
IR HRE IR ,66.12% Bkt B IR BRA K, Horp s Bl BA AR A 35 2 L B A — S35 Bk | 3 BN E EOAK
HiAE K AR B AR A R R, AR S A A M TR U 42.86 km®(1.42% ) IR b R 5K
JitE IR ARA AR ; 2 RMEPREL F] 2803.06 0/ /hm? I IBBFAY 76.97 km?(2.55% ) M 4338 B A K ; A MEbR
HEIRF 4381.35 J0/hm* W), AT SCHH 5.17% HF R #F, 4238 A /5 B 38 BRI ‘B8 AR 0 B b 5 20 b 2% 4 %0 16 )
7500 J&/hm* i}, AT SEBGR B L 13.98% , H 2508 T RARG HbE  n] AR R B S 1Mt A= 1

B 75 IR BHA AR LA N 1.429% 5] 13.98% 119 12 #3854 i, 10 MR b 2 BROBR Hbu 35 1 4 DA e IR 2 3, 1Rk
AR 2 ) 43 A0 DA B e | ] DU R 5K | [R]BA7AE LA GBI b R A 1] FH i Ag Ak S B2k | i bl pa i 25
WY TR A S IRFFEMRAI R RN TR R R GRSy | (e dF AR 2 R G4, WIS Bl A RO
FEE , HJE b TR TR0 F AR B S AR A K TR LTS 7 I, 2B AR PG S T R A
G H HIR B BOEMIG RAME LGS KT & RACSE S, AT 785075 BEaxX — SEPR A O, A4 AN (]
ST SO L 3 FRRBEA AR St 3 TS DA 45 R X AS [R5 S (0 AR BRI as ] BT ] DURL2#
o FARBHA AR TR S, SRR AHA R nT AT SCLR A M R (R RS R GRS

http ; //www.ecologica.cn



10 JAE = 39 %

e/ NEAR IR — RS A S R GRS B S L2 AR R R R S AR A AN AR e S LR S R G 55
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KB AE 7 FBE BT B E AR A MR f BESR TR AR AT ME DL RR et DR X A 25 e Ll 4 4F
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