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Abstract; The red soil region of southern China is an important agricultural production base because it is rich in water, heat
resources, and has an excellent social location. However, the long-term and intensive farming, the large slope of hills and
the concentrated and strong precipitation trigger many environmental problems such as the ecological function degradation,
which threatens the food and ecological security. Therefore, it is urgent to study the changes of ecosystem services in the
region. This paper used the Carnegie Ames-Stanford Approach ( CASA) model, InVEST model, and RUSLE to
quantitatively evaluate the Net Primary Productivity (NPP) , Crop Production (CP) , Soil Conservation (SC) , and Water
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Yield ( WY) in the red region of southern China before and after Grain-for-Green Project ( GTGP ). The temporal and spatial
characteristics of tradeoffs and synergies among different ecosystem services were discussed using partial correlation analysis
and spatial autocorrelation analysis. The effect of GTGP on the relationships among various ecosystem services was
determined. The results showed that: (1) after GTGP, NPP, CP, SC and WY in the red soil region of southern China all
increased overall, but some areas still presented a weakening trend. The NPP indicated a weakening trend in the south, SC
showed a weakening trend in the northeast, and both CP and WY showed a weakening trend in the southeast coast. (2)
After GTGP, the relationship between NPP and WY changed from very significant synergies (r=0.315, P=0.025) to
significant tradeoffs (r=-0.279, P =0.059); no significant synergies relationship between SC and WY changed to
significant tradeoffs (r=-0.427, P=0.024) ; the rest of the relationship of ecosystem services has not changed much. (3)
Before and after GTGP, the distribution pattern of NPP, CP, and SC did not change significantly, and the distribution
pattern of WY changed dramatically with significant increase in Northeast and Southwest. (4) Spatially, the trade-offs and
synergies among the four ecosystem services were significantly heterogeneous. The Moran’s [ index of the CP-SC was the
smallest (0.012) , and the Moran's [ index of the NPP-SC and NPP-WY were all greater than 0.7, all other Moran's I index
are greater than 0. The results of this article are conducive to the depth understanding the impact of GTGP on the spatial and
temporal changes of ecosystem services, and provide a scientific basis of determine the development direction of ecological
agriculture, forestry and animal husbandry in vulnerable ecologically areas and the optimization of ecosystem services for

sustainable development in the red soil region of southern China.

Key Words: the red soil region of southern China; Grain-for-Green Project; ecosystem services; tradeoffs and synergies;
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Table 1 The sources and resolution ratio of the data in the paper
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Fig.2 Spatial distribution of ecosystem services in red soil region of southern China before and after GTGP
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Fig.3 Spatial distribution of change rate of four ecosystem services
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%2 Won B HHEAETIFZE X NPP 5 CP(r=0.466, P=0.018) .WY(r=0.315, P=0.025) [a] % . &P
[FOE R HARYIAR 0% MTE B HHAMG ,NPP 5 WY (r=-0.279, P=0.059) ] Jy i E4UE ) 2, NPP 5 CP Z i)
R R E PRI C R (r=0.332, P=0.035) , [RIFHAHEL T SC A1 Wy (8] A it AU C &R (r=-0.427, P=0.024) ,
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Table 2 Correlation between ecosystem services in red soil region of southern China

ARG ERIGE PRAEY = IR PRk

E o ;V . Net Primary Production Crop Production Soil Conservation Water Yield
cosystem services (NPP) (cp) (50) (WY

AR Years 2000 2015 2000 2015 2000 2015 2000 2015

I 4277 71 Net Primary Production( NPP) 1 1

RAEHIHE 7= Crop Production( CP) 0.466**  0.332** 1 1

EHELREF Soil Conservation(SC) 0.213 0.193  -0.105  -0.112 1 1

727K Water Yield( WY) 0.315*" -0.279*  -0.027 -0.047 0.100 -0.427"" 1 1

* . AE 0.1 KPR [ EEFRDG; + = . £E 0.05 AP (U I 240 C

IRBFEARHET , LRI ANl K R RS0 T, AR T B Uk 2, 48K BRI AR DR AP S A FH s, AR AR
YrE K SZ RIS, CP BRI, IRl NPP /KRR, Btk NPP 5 CP I HABSRIY PRI C R , Aib BRI 77K
A, SCRESS N ZRME AV T SR 5K oM ok | DR E ARl A/ 22 2 i A 28 R LI K E 7, 1B BHEARET NPP 5 WY
] Ry PR 5 2, R AR B I 22 BB AR AR R GE 0 K T BE . IR BFIE AR TR S0t I, %o 22 X IR0 A 25 R T 0
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O E A | AN R iG s AR ph ™5, itk NPP Al SC 5K, SC 5 NPP 1EiZ M IX R BIPMF & R, NPP
5 WY TE 7R B VW X AU G 2R | LA i DX Ry B ) DG 2R v DA 3 A0 1 2 I i DX A A St 2 I DX
WK, CP 5 SCAVAEm BB AN iRl Bt X R BN MR DG R AR ML IX B B G & . WY 5 cp Fwy 5
SC WU S RITEZS ] BRI 22 K, WY 5 CP (P IR] 56 2 i oy X Sal i 22 T R0A G 2, A il I 35 o []
A XIE 2 PRI SE R K040 T4 AU A TIPS Wi VLA 2 =48 (U sS A AL AU S RAE T TR rEs, WY 5
SC PRI FR BT G X 22 | FLrbobi 25 0 2 i [R) A7 T 2R L3RI P B, A G R 207 T AR BT i L IX
UL WY 5 SC (AU 5 P [R) G 2R 32 31 DX b 7 8 A A SR 52
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Fig.4 Tradeoffs and synergies of ecosystem services in red soil region of southern China
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X AR R GRS AU S5 MR 5C R 25 (R 5 bk i35 (&1 5) o DA NPP-CP (BB 5 B ) G 2R 19 1 v 4 3R e ke
PN G 2R 0 b DX BB (R RE R R IR) 56 3R, B R AE AR 9% IX B AR L FF L IX, 2 BH i b X 9 NPP-CP i Pp[R] 56 &R
AR IR AR AR SRR St NPP-CP SR AU 56 25 (14 1 IX S [l [ R S AU O & IR AIE £ 2R A AE
SR X PG LR HLIX . NPP-SC Fll NPP-WY 5 R (48 AR 4341 B R 2L, B[R] OC R A RAEIL AR ML IX, T AL
7K 22 32 BLAE T AE g T T AR M X R P R 3B IX ; CP-SC 6 Z8 (1 25 (6] S o W 3 ANAE PR i) 2 A Bos b S
e R AR R AP R AR 3 A s 2 B AR REFE . WY-CP 5 F 10 15 v 45 3R XU 76 Fh A6 X, AR AIR
AR R XS B FE AR DX, {H WY-SC 185G 22 1Y ey v A8 3R DX IUAE P4 g 8 0 AR AL ) /0 DX I, IAER 4R 2R 43 Hi
FEH R FIZR B DI, PIFPAE R B R 438, X TR ER RGNS, MR R SIVRERE BN, ES R
iR 55 181 56 R 25 0] S R e oh B

*R3 HALERESRESERSNESWHEX R Moran's 1

Table 3 Moran'’s I index of ecosystem services tradeoffs and synergies in red soil region of southern China

S RGNS Bl 5

. . . NPP-CP NPP-SC NPP-WY CP-SC wy-cp WY-SC
Relationship between ecosystem services
Moran’s I %% The index of Moran's [ 0.225 0.705 0.739 0.012 0.381 0.431
N
A » ’
NPP-CP NPP-SC NPP-WY
I T (52) ABH (33) TR (46)
W 75-F ) * M R (20) I 75 (13)
4 . (E-A5(S) B 51 (14) M I 5 9)
MR- 2) AR (D %75 (0)
F-IR(1) -1 (1) - (1)
4 Al
’ CP-SC ’ wY-CP 1 wY-SC
ENTE A REFE (45) ﬁ AE3(49)
* e ¢ WEHO w M 75-F(10)
o Y Y mero 1)
- (1) M E-E Q) » AR
& (3) 0 400 km -1 (6) -

5 BALERESRERSNESHERXRSE LISA

Fig.5 Local LISA diagram of ecosystem service tradeoffs and synergies in the red soil region of southern China
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