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The Grain for Green project, geographical features and soil erosion: Taking 107

counties in Shaanxi Province as examples

XIE Yifan', YAO Shunbo"* |, DING Zhenmin', HOU Mengyang', DENG Yuanjie', LIU Guangquan®
1 College of Economic Management, Northwest A&F University, Yangling 712100, China
2 China Institute of Water Resources and Hydropower Research, Beijing 100038, China

Abstract: In order to respond to the seriously ecological problems caused by soil erosion since the last century, Shaanxi
Province has been implementing the Grain for Green project since 1999 as a pilot province. The project has achieved
remarkablely ecological benefits in the past 20 years, and the regional soil erosion has also been under effective control.
While soil erosion, as one of the important indicators of ecosystem services, is the result of the interaction between natural
factors and human factors, so it’s significant to assess the impact of the Grain for Green project on soil erosion under the
interaction of natural factors and socio—economic factors for the sustainability of ecological restoration policies. Based on the
analysis of the spatial and temporal evolution of soil erosion levels in 107 counties of Shaanxi Province using the RUSLE
model, this study explored the impacts of geographic characteristics on the prevention and control of soil erosion by the
Grain for Green project using the fixed—effect model of panel data. The results showed that: (1) from 2000 to 2015, the
level of soil erosion in Shaanxi Province decreased significantly and the total amount of soil erosion decreased from 341.66x
10°t in 2000 to 282.61x10° t in 2015. Besides, there was obvious heterogeneity in regional soil erosion intensity and its

spatio—temporal variation characteristics. For example, the soil erosion intensity in Northern Shaanxi region was the highest
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meanwhile the decline was also the most precipitous, while Guanzhong region and Southern Shaanxi region were not. (2)
The Grain for Green project had a significantly positive impact on the prevention and control of soil erosion. It showed that
for every 10,000 yuan increased in investment, the amount of soil erosion decreased by 26.30 t. At the same time,
compared with Guanzhong region and Southern Shaanxi region, the effect of soil erosion control in Northern Shaanxi was
more significant. (3) The geographical characteristics had a significant moderating effect on the effect of the Grain for Green
project on soil erosion control. Slope and rainfall had a significant regulating effect on the soil erosion control effect of the
project, while the sunshine duration showed a positive regulating effect. Policy makers should fully consider the combined
mechanism of natural geographic factors and socio-economic factors on ecosystem services to achieve the sustainability of

ecological restoration policies.

Key Words: the Grain for Green project; soil erosion; geographical features; moderating effect; panel fixed effects model
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Table 1 The P value of cultivated land in different slope range
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Fig.2 Spatial distribution of soil erosion modulus of Shaanxi Province during 2000—2015

22 iHESHER SR
2.2.1 SRR ENEZE R

N2 3 PR, 5B —51 (1) F(2) B BEAl R E 43 5 3=
TN A ) A RN 7 PR AR R AR IR BRI AR T
FEXS T AR Pl A 3 0 B e, BRI AR 48 5%
LA D) - SR i e R s L B TR Y S i
FWUb TR MR, BRI AR AR R 3 ik
BEA A (INV ) KR ) [0 I ZR AT 20 IR B S pRA e 4 4
BRI 1 7 000 4 A R R R 26.30t, 2000 4 ]
2015 AEREPE A IR PH LR B S BN 7.77 127038
F] 303.28 270, A il Hofth 25 AR A A ] e 7 45 iR Bk iR
MRS RIS N 7771.91 7 v, X THE
BB AREE — B (Y RE T SR L 2000—2015 4F
SR &N 16.73 1270, #1124 F 2000—2015 4
IR B T RE Al 1= 842 1l B3 5 F % 440.00 J7 t, FH EE
2000 41 1416.40 J7 t, Il /DT 30%

A2 B AR e 5 TR ks R A S szs A
3—Sa BT D R A B R A S 3 W
(INV_y) aff AT BERIAR 255 (3) SRR Y [l 9 25 28
H T R PR AR T AR SR R i B 2 B
TR, 55 (4) ((5) F1(6) 5 2 B 2 i 1 39842 e
TEE(SE ) VE A 15 fife o A0 b o 14 s ABE TR0 RS (gt 1) ] U 485
S IR B AR TR X 4 AR b B S A A7 1) S M A AR ik

IE:

[ Fase X

TR AR AL/ (t/hm?)
Bl <10
0 -10—s>5
51
s
;=5

Fig. 3

>z

2000—20154¢

3 2000—2015 ERRFE L T EEMEH T

Changes of soil erosion modulus in Shaanxi Province

during 2000—2015

http ; //www.ecologica.cn



308 JAE = 492 %

F o R HAG SRS i3 3 rP BB A (INV ) X0 0 10105 R 8800 1, 7E 5 30 N B3 e B BE g n 142
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Table 3 Basic regression results of the effects of the Grain for Green Project on soil erosion

TSE SE
(1) (2) (3) (4) (5) (6)
INV -0.0030***  -0.0026"** -0.0001***  -0.0001 ***
(0.0002) (0.0002) (0.0001) (0.0001)
INV_, -0.0020 *** -0.0001 ***
(0.0002) (0.0001)
FEHIZERE Control variable 7 I I 7 R =
B X [ E RV County-fixed effect 2 I z'% 2 = 2
i i) i1 22 5500 Time-fixed effect S b= b= E 2 b
JH% R? Adjusted R 0.9762 0.9854 0.9876 0.9689 0.9830 0.9869
FEA R Sample size 428 428 321 428 428 321

FIAT Stata B, OS5 BOGRREFRAER, « o« = % = Fl o« SPHIFRRIE 1%, 5% 10%HIKF T B35 ; @A 3 )5 )52 0 1.
2.3 /NN INV A B 4 Investment ; INV-3 . £ A 784> 3 Wi JF I Investment ; TSE ; 3t X+ 342 1t 51 5 Total soil erosion ; SE ; 13 45 (AR i

Soil erosion;

MY 4 BYRIFSER LA, ALY GDP FAAS NBEICA (PRI #4013 22808 00 HAE 1% B A5/K-F L,
R IX 2255 K KB AR AR A B3 i % By 3 A b Ay S 25 T 1) 4 P, SR BELAE 30 A [m] UA) 2R
1 HAE 5% EAG/KT 1 535, SR W B SR AL A | X 3o 398 2 1l /RSPl 23 AT TR] b AR DG A5 ) e R
EPRAE BESAEAL IR 3 T TR]HE s e b 3R i 1T ol Ak 1 13 3R 800k 7 ELAE 19 B AR KT [ 3, 3R
Tl &2 J w7 i 2 fin i DX ol S AR 1k K ST PRI AE Tl AR A R v S s A ) 2B 25 R e 7 AR B R B
LEAh R A [BE AR BOR B2, (AR ST SR (B AT OGTE , RV ZRIB FH AR T Rad i F S5 st 5 o it
RIIER A 7% S b AR AR, (Lt T 1 AR ) Dl EORR )™ B A R I, TR B3R DA SR DR )™ i ) A 2
FGEMSS Z 1B AT REAFAEDMRIDC AR IX AT AR 55 AR HE LA e A B 7 RO A 5

R4 MANEHZENRHERI LESMPMNER BT R

Table 4 Basic regression results of the effects of the Grain for Green Project on soil erosion with control variables

R B Fbl
Explanatory variable Control variable

INV PD URBR IS CROP PGDP PRI NDVI
-0.00263 *** -0.0046 -211.6170 " 91.8586 " -0.0001 -8.3143 """ —-63.42417""  -596.4611 """
(0.00017) (0.0039) (115.0469)  (24.9035) (0.0001) (1.6793) (14.9331) (50.5968)
B R ]

County-fixed effect =

i1 ]

Time-fixed effect =

% R? Adjusted R? 0.9854

FEAH Sample size 428

WRBRNE R 3 P (3) F1m AT il A8 it J5 A5 rh 45 A8 it ] 5 R B0 45 55 PD . A 1 % B Population density; URBR .« i 1 k. %
Urbanization rate;lS;Fﬂk%*@ Industrial structure; CROP. H &= # CROP; PGDP; A\ ¥ [ A 77 B Per GDP; PRI KK NI A Per rural
income ; NDVI; # % H— L 54X NDVI

2.2.2  HB PR RRE B4 52
BV R LA XKk B AR LA At S A A R 22 53 6 H 0 o W IR B 22 57 0 3 0 = KM X, Bk
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B35 B s ] S TP, BRIt DA Dy i g i TR 0 A M 55 X, T 5 W0 DR A o R AR, iz i Y AR
i, SRR, s b OB 5 e, T B IR B AR TR AL St , A e B KT i 3 4 T Tm] Bl 3t X
ek T A A A T A M X A5/, DR 8 42 o it 2 e R ) 8 il A, T 5 0 e s A 25 AR G IR 554K A 4 2
SEER DT DL TR K ik B TA SR E R h B £E AR A B X S e TG PR M X
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[ AR B AR WU SR 00 R4, TR T HAB DR 36 /K AW T80/ BT, 33 RE 45 1 AR TR 300 R iR il 5
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M DX READAE B EA T 1T S5 SRANER (2) B BT 7, 2 U] 4 88 i g 1) s IX IR 0 it ok T 194 S 42 At 7 91 2000107
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Table 5 The influence of geographical location characteristics on soil erosion control effect of the Grain for Green Project

TSE SE
(1) (2) (3) (4)
INVXSHANBEI -0.0032 " -0.0001 ***
(0.0006) (0.0000)
INVXSHANNAN -0.0002 -0.0000
(0.0006) (0.0000)
INVXLONG -0.0006 *** -0.0000 ***
(0.0001) (0.0000)
INV 0.0005 0.0183 0.0000 0.0007
(0.0007) (0.0022) (0.0000) (0.0001)
5145 Control variable b 2 = =
SLIX [ 5300 County-fixed effect 2 B A B
R} 7] [ 525 Time-fixed effect 2 I B B
JH% R? Adjusted R 0.9897 0.9883 0.9872 0.9856
FEAE Sample size 428 428 428 428

AT BB A AR I 1.2.3 /NI AR (2) KB XA R #0028 B 55 B B 80 (INW ) 19 38 LI A SHANBEL: B Jb X Shanbei ;
GUANZHONG ; & H 31 X Guanzhong; SHANNAN ; B Fg Hi X Shannan; LONG ;£ Longitude

2.2.3  HARMBREIFRIR

SR b P 2% T2 B 3 R ) - 4R Tk ) P B A e R R M A 5, R I IR AR AR T AR Y - 4R 1k
B IE RN P2 AR VT VR, 26 6 20 BIF0 HY T 3 B8 (SLOP) |, AE X[ FS ( PRE) A1 H BRI E] ( SUN ) X 1B Bk b Ak T8 By
I6 - AR P R FH R 25 5

(1) 3 BEXTIR BHA AR T AR B 6 - R hu8UN A7 78 o 2 i R ) s, 3% 6 55 (1) A1 45 R o, & 58 4 %0fn
P EE A IR R RECRH IE, HAE 1% EA5KF 2, RUIBEE SR F, HIEE SR 228K BlR
HFIC AR TR 55 T A Dl (%) S8R 3R AT 3 s e 11 b T2 33 82 R 3 0% o ] - 8 2 o A0 L 5 2 1) J 25 R D [
3B R A Rl X S it AR B A AR T AR 0% - AR Do ) 80 AR DA 8 4, ELAAR SR INAE £ T pi DX P S5 38 32 A XoF
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BOR WARAE 2.2.2 /A5 Al A RBFIE AR TR0 Bl g 3 X SR b A2 M AN 2 R XKBUE S B R TR
St A A T R0 TSR DR R R A A AR GE AR 55 R MU M e b 11 2 ) S TP R A R T 5 AT 4R
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Table 6 The influence of natural condition on soil erosion control effect of the Grain for Green Project

TSE SE
(1) (2) (3) (4) (5) (6)

INVXSLOP 0.0173 *** 0.0004 ***

(0.0029) (0.0001)
INVXPRE 0.0037 *** 0.0001 ***

(0.0005) (0.0000)
INVXSUN -0.0019 *** ~0.0001 ***

(0.0003) (0.0000)

INV -0.0055 *** -0.0048 *** 0.0018 ** -0.0002 ** -0.0002 *** 0.0001 ***

(0.0005) (0.0003) (0.0008) (0.0000) (0.0000) (0.0000)
il A " 5 oA B £ 2
Control variable
B R 2 2 2 = 2 2
County-fixed effect
PRI 2 2 2 2 2 2
Time-fixed effect
JH% R? Adjusted R 0.9869 0.9879 0.9869 0.9837 0.9854 0.9845
FEA R Sample size 428 428 428 428 428 428

ARSI BE 7RI 1.2.3 NI (2) PR, R R H AR B ) 2525 i 5548 ¢ 4 401110 38 SUIOUHY AL ; SLOP « 3 J&F Slop ; PRE : 4%
T Annual precipitation; SUN: H B[] Sunshine duration

3 Fit5itie

31 45

ASCAEA ] RUSLE BABSPEALBRPY 4 2000—2015 4F 3 4= il K - ) 6l -, A%y 8 T AR AR B0 (o] 2800 A6
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