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Field Observation and Research Station of Farmland Ecosystem in Ansai, Shaanxi Province, the two typical small
watersheds ( Zhifanggou and Fangta) were selected. We used rainfall data, remote sensing interpretation data, social and
economic data from 1998 to 2018 to assess four ecosystem service ( including soil conservation, carbon storage, water
conservation and habitat quality) and to explore the tradeoff and synergy relationships of these ecosystem service. The results
showed that vegetation restoration promoted ecosystem services functions (soil conservation, carbon storage, water yield and
habitat quality) in the two typical small watersheds, with a slight increase from 2008 to 2018, but a large increase from
1998 to 2008. The forestland and grassland were largely distributed during the initial 10 years from 1998 to 2008, while
farmland was largely distributed in the subsequent 10 years from 2008 to 2018. In addition, there was a synergistic and
tradeoff relationships of ecosystem services among the two typical small watersheds, which was dominant with the synergistic
relationship, due to the influence of natural factors and human factors. Concretely, in 1998, ecosystem service functions
exhibited synergy in Zhifanggou, and exhibited tradeoff in 2008 and 2018. In Fangta, ecosystem service functions exhibited
tradeoff in 1998 and 2018, while exhibited synergy in 2008. There was a difference in ecosystem service function in
different land use types and different areas. In total, water yield, carbon storage and soil conservation showed the synergy
relationship. The main reason was that ecosystem services increased differently in time and space in the process of vegetation
restoration. Thus, it is necessary to divide and develop appropriate protection strategies according to their trade-offs and

synergies relationships among ecosystem service functions.

Key Words: loess hilly gullies; small watershed; InVEST model; ecosystem service; tradeoffs and synergies
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Table 1 Introduction of study region and the basic information
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Fig.1 NPP from 1998 to 2018 in Zhifanggou
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Fig.2 NPP from 1998 to 2018 in Fangta
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Fig.3 Soil conservation per unit area from 1998 to 2018 in Zhifanggou
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Fig.4 Soil conservation per unit area from 1998 to 2018 in Fangta
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Fig.5 Soil water yield per unit area from 1998 to 2018 in Zhifanggou
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Fig.6 Soil water yield per unit area from 1998 to 2018 in Fangta
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Fig.7 Soil carbon storage per unit area from 1998 to 2018 in Zhifanggou
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Fig.8 Soil carbon storage per unit area from 1998 to 2018 in Fangta
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Fig.9 Habitat quality from 1998 to 2018 in Zhifanggou
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Fig.10 Habitat quality from 1998 to 2018 in Fangta
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Fig.11 Tradeoff and synergy of different land use types in Zhifanggou
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Fig.14 Pareto efficiency curve of ecosystem services in Fangta

U, FE B R T AR VA e e A AR RN 3 T R AR AR ER A I R B e, AR R AV
KA TR AT R TT LAE FE K IR SR 0 5 5 5 5 L R , BE R R AR R A W A% K o3 4 138 fi
SELEAA R INAR 0 s AR ST R TR« R T DRI B i R A, B TR B A VR R L A AR
R ERRAT AT A A5 R Gem I I, 1Bl 3R A i 380, 3R FK 445 ISR s/ T R b A
BN T R RRRDY L SR 3 KR TR X, 2 BRI B R R G R 2L, B
Jo TN R AR A AR B R K

A7 R GE RS WA TR DG 28 m] 0, 6h T 4R 85 YA i3, R AR AR S R B SS A e i K 25 5%, Hop
2008 12018 4752 B W] i AU AT OG22, TR 1998 AERIH PHRIDC R o X T-Hi R sel, 1998 Fi1 2018 4F 2
AU G ZR T 2008 AER BN PMAISC R . AR DR —F Fe A Aa e BRAS X5 —Fh IR 55 10 7, Al 57 5l 25
BVEFSE FAREE 2 1998 ARARHT I AR R I B IR DRI DG R | 2 i TG 55 10 2 S 358 5 ARG T
SR B E T T8, R PR S R — AT S RGBT, 45 UL RGNS 455 R I A P ]
B0 AN 2018 ARSI R GRS LA UE A L AR TR AR S R GRS U 5 AR A A IX 8K
FEIEH TR ES RGNS R RO S RG MRS 8K, ARG B sh K, 2 (B A7 76 3 A

http ; //www.ecologica.cn



8166 A E = 42 %

TEAIPIRASTS JCIS R 1998 AEHITHR T, b 2 2008 AE 4T 1, A ¢ B 1 IX B A )
TR AU O R 32 B A B IR A ARAS 2, MRG0 T 45 25 DA S NG B T4, (i 1545 A2 28 R 40 il 55 22 W I 1 A
Mo ZR 5 Ak B X R, T IR AR () A B D AR T L | b RO R R A AR B TR, AR R R
TG O ZR 5 WA i W] LA G b 28 55 R | 308 >4 i BSOS B Al A B X DU TR MRS IR AE B R 45
K55

Y18 TR A A R G R SS Z 0] 0 R AEAE B0 00 25 (] 25 S50k B ) X8 v R L 461 A, (R G v S
TR A 25 AR DX 35, AU R ) DXk 2 R sl oA Y A 55 595 45 1 X SR R I ST R I L AR S R GRS
Z a1 56 R AL X I PE 22 AR K (BT SR A 309% A IX 08 A B AT R] G 2R Ak 0 i 58 TR 2R 1 2R
A RGNS AU S5 PMF DC R S5 R . = AU OC ZR I ARAARIET AR 29 5 61% , =y R IR) G 2R W AR AR T FRL 24 5
29% ., TEFCERR, Wehit i 5 AR S UMRIDC R | AR 2 5 /K TR 7% B VR R) DG R BRI R ™) 75 K
JE, A VR SRR R BN B R G R I K R R e R A A 56 R X SR AE S AR AT R A —
0, T REAS I X A T 28 7 S A 28 BRI I B S M AR — 307 A AR5 Ak T - bR Y AR
X, S A A 1 bR S0 R <A S A R 5 T, 35 ) N 7 33 i A 28 R e Mk 55 22 ] 7 3 [) RS A O 22 22
2 () 22 500 A . B FEAR BRA MR B T AR STt 78 b | 22 50 0 45 6 AN [R] DIl A 28 R 40 I 55 I J 1t
PRI, ZE PR ST RON A A L, B BT X R AP it AR E R R G A A e R R

AT RS (I E) 8 _EHRIT T 1998 4F 2008 4FF1 2018 4F 8 + Fro g 14 AR X ML AL i 3l 2 28 R G R 55
ZA] A 55 P ) DG 2R, ELA Y 8 ) DXl S AR 223 0 SRR AR, SR T, 4 T B Ao A 285 2R 0 I 55 ST R ] 1X 35
TN 28 ] Jte—RAER ™ A8 R GRS 22 101 1 56 2 2 B st ] sl 25 A8 A Ay, A oA T g Jin i A A 5 B [ 71
LR VE MBS R RIEIIGT . b AR R R GRS B AR e R b 2 & TR 2 AR W B W BB DL KAk
SERLH, QSR = X AR B Ak 2E i R TR AT , BOR S S M X A A8 R G S5 IR S LI A, R
TEF R A RGN SF Z IR OC RN W S 2 90 e A=) 3R Ak v ad B nY ke, LR FHAE R R G nY P AR
PRI TSR R

4 Zig

(1) BRI, P75 FARE5 18 NPP RIS I A A5 A 45 Y45 31 T KR B4 T, Herp 1998—2008 454
MR (ERRGIRS B E) |1 2008—2018 4EMIRH/NEBRGMESRE) .

(2) TERIPIK A 20 4 (1998—2018) , V5 3B FACH {832 H AR N 2 e AW IR #1249, S E B R GRS
Z 8] FEER I AR SC AR R i X IR B A 0GR 53X B i TR A 8 1 1 & E S R GRS ny 3G
SR AE S [R) AN 2 (] 38 A R], DN 2 B0 HE AP ] OG22 00 8 1 A A 485 TR b, 7R B WA PR A S R B ot
Fih  WER T KSRGS Z A SEFR |, P E R 43 i R A SR

5% 3Lk ( References) :

[ 1] Andersson E, Tengs M, McPhearson T, Kremer P. Cultural ecosystem services as a gateway for improving urban sustainability. Ecosystem Services,
2015, 12 165-168.

[ 2] Garcia A M, Santé I, Loureiro X, Miranda D. Green infrastructure spatial planning considering ecosystem services assessment and trade — off
analysis. Application at landscape scale in Galicia region (NW Spain). Ecosystem Services, 2020, 43, 101115.

[ 3] Milanovit M, Knapp S, Pysek P, Kiihn 1. Linking traits of invasive plants with ecosystem services and disservices. Ecosystem Services, 2020,
42, 101072.

[ 4] Teixeira HM, Bianchi F J J A, Cardoso I M, Tittonell P, Pefia—Claros M. Impact of agroecological management on plant diversity and soil—based
ecosystem services in pasture and coffee systems in the Atlantic forest of Brazil. Agriculture, Ecosystems & Environment, 2021, 305: 107171.

[ 5] Chatanga P, Kotze D C, Okello T W, Sieben E J J. Ecosystem services of high—altitude Afromontane palustrine wetlands in Lesotho. Ecosystem
Services, 2020, 45. 101185.

[ 6 ] Briones—Hidrovo A, Uche J, Martinez—Gracia A. Determining the net environmental performance of hydropower: a new methodological approach by

http ; //www.ecologica.cn



20 Wb A B P A AR DX I N A 25 2R G IR 55 AT 5 DB R] O RIS 8167

[7]
[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

combining life cycle and ecosystem services assessment. Science of the Total Environment, 2020, 712 136369.

Jiang W, Wu T, Fu B J. The value of ecosystem services in China: a systematic review for twenty years. Ecosystem Services, 2021, 52 101365.
Mi X C, Feng G, Hu Y B, Zhang J, Chen L, Corlett R T, Hughes A C, Pimm S, Schmid B, Shi S H, Svenning ] C, Ma K P. The global
significance of biodiversity science in China: an overview. National Science Review, 2021, 8(7) : nwab032.

Wu X T, Wei Y P, FuBJ, Wang S, Zhao Y, Moran E F. Evolution and effects of the social—ecological system over a millennium in China’s Loess
Plateau. Science Advances, 2020, 6(41) : eabc0276.

Yang S Q, Zhao W W, Liu Y X, Cherubini F, Fu B J, Pereira P. Prioritizing sustainable development goals and linking them to ecosystem
services: a global expert’s knowledge evaluation. Geography and Sustainability, 2020, 1(4) . 321-330.

Fu B J, Zhang J Z, Wang S, Zhao W W. Classification-coordination-collaboration : a systems approach for advancing sustainable development goals.
National Science Review, 2020, 7(5) : 838-840.

Howe C, Suich H, Vira B, Mace G M. Creating win-wins from trade-offs? Ecosystem services for human well-being: a meta-analysis of ecosystem
service trade-offs and synergies in the real world. Global Environmental Change, 2014, 28 263-275.

HWUREL, ERAT, REAE, ML ARG SS B D AR R S SR . HuBkBL 24 E R, 2015, 30(11) : 1250-1259.

WURES, EBAT, AR, BRI LABRGMS A Ik SO SHIHESR. MBRTTL, 2016, 35(6) : 1005-1016.

A, TP RS RGN B S B0 . BRMAE, 2016, 38(1): 1-9.

Dawson N M, Grogan K, Martin A, Mertz O, Pasgaard M, Rasmussen L V. Environmental justice research shows the importance of social
feedbacks in ecosystem service trade-offs. Ecology and Society, 2017, 22(3) . 12.

PRI, 2540, Wb, XA, TR A R G S AU LA oe. R4k, 2018, 38(9) : 3260-3271.

INEAS, AT, RS, oK. BRVGI AR St A 25 R G AS W Im] S AN Iy 2 28 5 047 B2 41, 2017, 72(3) : 521-532.

PN, ATRIE, M, B0y, 1 b m R S RGN 55 AU 55 0 ) i 25 2 A T s i Rl R —— LA SE 22 Hi S . AR 252z, 2019, 39
(10) : 3443-3454.

SRH, RGN, ZEEA, SRR, R M LSRRGS S SIS S 0. K L RRRIFST, 2018, 25(3) ¢ 170-176.

Ouyang Z Y, Zheng H, Xiao Y, Polasky S, Liu J G, Xu W H, Wang Q, Zhang L., Xiao Y, Rao E M, Jiang L, Lu F, Wang X K, Yang G B,
Gong S H, Wu B F, Zeng Y, Yang W, Daily G C. Improvements in ecosystem services from investments in natural capital. Science, 2016, 352
(6292) ; 1455-1459.

AN BB RGEMS SRS E4S. dbat: m%8E L, 2013.

Wang J, Feng L, Palmer P I, Liu Y, Fang S X, Bisch H, O'Dell C W, Tang X P, Yang D X, Liu L X, Xia C Z. Large Chinese land carbon sink
estimated from atmospheric carbon dioxide data. Nature, 2020, 586(7831) . 720-723.

An S S, Darboux F, Cheng M. Revegetation as an efficient means of increasing soil aggregate stability on the Loess Plateau ( China). Geoderma,
2013, 209-210; 75-85.

FERL, 5kd7, ARYFT. B b DX R S PR SR AT ARRAIE B XA AR IR A i 1o+ [ K AR RERRE, 2008, 6(2) : 66-70, 82.

FuBJ, Wang S, Liu Y, Liu J B, Liang W, Miao C Y. Hydrogeomorphic ecosystem responses to natural and anthropogenic changes in the loess
plateau of China. Annual Review of Earth and Planetary Sciences, 2017, 45; 223-243.

Feng X M, Fu B J, Piao S L., Wang S, Ciais P, Zeng ZZ, Lii Y H, Zeng Y, Li Y, Jiang X H, Wu B F. Revegetation in China’s loess plateau is
approaching sustainable waler resource limits. Nature Climate Change, 2016, 6(11): 1019-1022.

XM, EERS, B2, BEE, BEUA, SEAVE, UM, EER, TR 8L EEAESTRMA SR hEREBRT, 2017,
32(1). 11-19.

E—Tr, B, VRO, ke, K IERTR SR SO . AR iR A B R SR SO S5, AR, 2015, 35(15) : 5191-5196.
A, MER, Bk, RKE, X4, B, B0, B, . b E BRI S RS S i 5L S % 4. kP
J&, 2009, 24(6) . 571-576.

A, XIS, Dyl ABRELES N IMNE S5k, £S5, 2001, 21(11) ; 1885-1892.

A, REASRENFRA LRGSR SIS, PSR, 2010, 29(3) : 383-396.

Yang Y, Dou Y X, An S S. Testing association between soil bacterial diversity and soil carbon storage on the Loess Plateau. Science of the Total
Environment, 2018, 626. 48-58.

Yang Y, Dou Y X, Cheng H, An S S. Plant functional diversity drives carbon storage following vegetation restoration in Loess Plateau, China.
Journal of Environmental Management, 2019, 246. 668-678.

Tikiz, BHT, PR, ESE, Bk, T, TR, ERBAE, AR, ARILE, SRk, AIREETE A R AE TR M.
EZREE, 2009, 17(6) : 533-548

teRE, 28, By, 20, X Ch-JOKETF XA R G5 ARG AR . Bk, 2015, 70(11) : 1762-1773.

http ; //www.ecologica.cn



8168 A E = 2%

[37]

[38]
[39]
[40]
[41]

[42]

[43]
[44]

[45]
[46]
[47]
[48]
[49]
[50]

Cord A F, Bartkowski B, Beckmann M, Dittrich A, Hermans-Neumann K, Kaim A, Lienhoop N, Locher-Krause K, Priess J, Schriter-Schlaack
C, Schwarz N, Seppelt R, Strauch M, Vaclavik T, Volk M. Towards systematic analyses of ecosystem service trade-offs and synergies: main
concepts, methods and the road ahead. Ecosystem Services, 2017, 28 264-272.

XETT, B/, FFR e Jba IR TR, dent. BlEA AL, 2010.

i, RSO, AGEAT, BHEAL. PRA L IR A A R GUR S5 U/ MR IR0, 22 RUBE 3 A, HBEA3, 2020, 75(5) : 975-988.

L, X85, KRIMS, EMEE, WEE e E AR SR A SR GRS BT SR, AR5, 2020, 40(23) : 8694-8706.

Castro A J, Verburg P H, Martin-Lépez B, Garcia-Llorente M, Cabello J, Vaughn C C, Lépez E. Ecosystem service trade-offs from supply to social
demand: a landscape-scale spatial analysis. Landscape and Urban Planning, 2014, 132: 102-110.

Sanon S, Hein T, Douven W, Winkler P. Quantifying ecosystem service trade-offs: the case of an urban floodplain in Vienna, Austria. Journal of
Environmental Management, 2012, 111, 159-172.

A, B—, B P EEEMME SRR S 5ES LMW EELRE. ARIE, 2012, 34(5) : 261-272.

EMEHE, Skor i, 2R, fBE, Tk, EEY, B, AN, BUL RS RGP IF 56 R B2 AL St 3RaEdR, 2017, 72
(11): 2064-2078.

MEA. H LA SR REHER A LA 2R PEBEABEBETI, 2021, 36(1) : 64-69.

A, FDUE), Pk, B0, 0. SRR RS RGNS R AT . B ERLR 2020, 22(3) ¢ 25-30.

HKHE, B, MAAZS, FHALI, TP 8 R B 3 e A A AR SR S5 S A B R, 2020, 75(5) ¢ 949-960.
Poits, WG, TREETE. T B AS R G R A DI G A I 2 5 k. A EEE, 2021, 41(6) : 78-87.

I, A, RIBE], TN 8RS R GRS AT R . BEERLA:, 2020, 42(1) : 96-103.

Schwaiger F, Poschenrieder W, Biber P, Pretzsch H. Ecosystem service trade-offs for adaptive forest management. Ecosystem Services, 2019,
39: 100993.

Zheng H, Wang L J, Wu T. Coordinating ecosystem service trade-offs to achieve win-win outcomes: a review of the approaches. Journal of
Environmental Sciences, 2019, 82 103-112.

R, ok, KICE, SN, B3, 1 R0, AME B A A B 2R S R G0 Ik 55 25 IR AU 5 B IR] G &R A0l TRE“# 4], 2020, 36
(12) . 268-275.

Wi, 22000, B, EHE, IMEA. ASREMS T XA RIS aA R, BRI, 2021, 36(8) : 1909-1922.

PR, B i IR RN R A BT R RE B AR S R G IS5 TIRE I [ D). PEALRAMRBIECR Y, BRpIAmER. 2019.

TS, A, EAE, m. R S R GRS A ] R S AU R fb. A= 2SAA 4Rk, 2022, 3: 580-588

BRe i, Eweld, BRI, SRR, B TR R AR S RIS S S ROC R MBS, 2021, 40(1) ; 18-34.

A, REE, HIOR. EVSHESES RGNS —KR B SEHL. A, 2019, 39(8) : 2655-2666.

BEN, B, BI, BRI AR GRAS IRE S SO R RS G b IR BE AT —— DL 11 DR B bk TR A . A= 252440, 2020, 40
(13) . 4316-4326.

HHE, WA AR SRS RS IRIEM S RIS AR . BB REE. AP A5, 2021, 45(10) : 1094-1111

http ; //www.ecologica.cn



