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Abstract; Huzhou is the origin of the Beautiful Countryside Construction in China. The rural landscape has changed greatly
in the past decade, which has made pressure on habitat maintenance and cultural protection. Assessing ecosystem services
and their relationships is important for the sustainable development of rural areas of Huzhou. Based on Thornthwaite
Memorial model, Miami model, InVEST model, Water Balance method, Maxent model, and others, this study
quantitatively evaluated the ecosystem services of food supply, carbon storage, water conservation, and cultural ecosystem
service in rural areas of Huzhou from 2010 to 2018, and then analyzed the trade-offs and synergies among different

ecosystem services. The results showed that (1) the food supply of rural areas of Huzhou decreased in the fluctuation from
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2010 to 2018. The first level regions were located in the east and west of the region, where were the cultivated land areas.
The annual variation of carbon storage was small, and the high-value regions of carbon storage were located in the middle
and west of the region, where were forest areas. The average value of water conservation decreased after a slight increase,
and its spatial distribution characteristics were similar to that of carbon storage. The cultural ecosystem service increased,
and the first level regions gathered around the scenic spots and expanded. (2) When analyzing trade-offs and synergies, the
synergistic effects were dominant among water conservation, carbon storage, and food supply. In contrast, trade-off
relationships existed between the cultural ecosystem service and other three services. The relationship between food supply
and carbon storage changed from trade-off to synergy. The overall correlations among various ecosystem services were
continuously enhanced and showed spatial differences. (3) The results of spatial heat map showed that, from 2010 to 2018,
the proportion of hotspot I was large and increased slightly. The cultivated land was the main land type of hotspot I, whose
dominant ecosystem service was food supply. The proportion of hotspot I has declined, distributing in forest areas. The
ecosystem services of the hotspot I were carbon storage and water conservation. The hotspot III, including carbon storage,
water conservation, and food supply or cultural ecosystem service, distributed in the cultivated land areas and forest areas,
covered large areas and showed an increasing trend. Besides, the proportion of hotspot IV and non-hotspot covered small
areas and changed little, located in the mountain-plain transition zone and near the urban areas, respectively. The results
were expected to provide reference for revealing the relationships among ecosystem services in rural areas, optimizing the
rural economic structure and development mode, and promoting rational planning and sustainable development for rural

areas.

Key Words: ecosystem services; tradeoffs; synergies; hotspot; rural areas
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Table 1 Comprehensive-induced potential revised index dimensionless score standard

. RS TR il b ATpLE] , ’
T ZO N 1" e e m s T R
sed score Slope Soil texture Tillage Watfer source Ruralf(‘)a.d Urban. rf)a}d impaci impact
distance distance accessibility accessibility
100 <2 4t <0.5 <0.2 <0.2 <1 =3 =10
90 K/ kbaE+
80 2—6 Hett /et 0.2—0.5 1—1.5 2—3 5—10
75 0.5—1 0.2—0.5
60 6—15 Hit 0.5—1 1.5—2 1—2 3—5
50 1—1.5 0.5—1
40 15—25 W+t <1
35 1—1.5 2—3
30 1-3
20 >25 >1.5 >1
10 >1.5 >3 <1
xR2 GEEFENEITERNERY
Table 2 Revised index weight coefficients of comprehensive-induced potential
HENJZ bty & HA AL E
Criterion layer Index layer Weight Combined weight
T3 AR (0.45) e 0.4 0.1800
Soil natural quality -3, 0.6 0.2700
FERIE (0.32) KRR B 0.27 0.0864
Infrastructure HRVERE B 0.32 0.1024
A I 30 T JEE 0.22 0.0704
Il A B I 0.19 0.0608
PR A4 (0.23) T 5 0.55 0.1265
Restriction 2l 0.45 0.1035
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Table 3 Information on Environmental Variables of Cultural Ecosystem Service
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B AEEE R/ km B IR £ i A WA R RS
2 HE I/ km BRI S PO R e
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Fig.2 Spatial distribution of food supply service in rural areas of Huzhou, 2010—2018
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Fig.3 Spatial distribution of carbon storage service in rural areas of Huzhou, 2010—2018
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Fig.4 Spatial distribution of water conservation service in rural areas of Huzhou, 2010—2018
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Fig.5 Spatial distribution of culture ecosystem service in rural areas of Huzhou, 2010—2018
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2015 4F;r=-0.30;2018 4 .r=-0.31) , SCAL IR 55 -8 I A7 22 10] BUAST 500 38 sl PR D855 (2010 4. r=-0.19;2015
A r==0.11;2018 4F.r=-0.13) , B bSOk 555 7K TR 7 22 18] BT 3500 Feok SRR B IL 4k Z S5kt
TERes . BRI BFFE I PBIIN T £ A 1 X 4528 25 R G0 IR S5 22 T AH 56 56 2 AR 8 A = | BRI R 45 /0
IEEZ 'S LA S T

x4 WNHTIFNBRESREEINEXRE

Table 4 Correlation coefficient between ecosystem services in rural areas of Huzhou

AHIEZ B Correlation coefficient 2010 4E 2015 4E 2018 4E
A HEZ-BRIT 7 Food supply with carbon storage -0.03"* 0.02** 0.09 **
A /K IR 3% Food supply with water conservation 0.24** 0.33 %" 0.40**
HEHEL SR J5 Food supply with culture ecosystem service -0.22"* -0.30"" -0.31""
TRV #7-/K I % Carbon storage with water conservation 0.71** 0.70** 0.70**
BRIV AL IR % Carbon storage with culture ecosystem service -0.19** -0.11** -0.13*"
IR FE-SCAL R 5 Water conservation with culture ecosystem service -0.37"* -0.35%" -0.36""

w5 7E 0.01 25 (WUR ) A e 2%
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Fig.6 Spatial distribution of hotspots for ecosystem services in rural areas of Huzhou, 2010—2018
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Fig.8 Spatial distribution of culture ecosystem service in rural areas of Huzhou and location relationship of the “Grain harvest”

4 #Hig

AHESE AN T £ A DO BIESE DX, X 2010—2018 AEREE RS BRIVAF KIS SO 55 64T E T
ik, 3 W FE A 23 S AR AR, R TR DGR 3 TR I A 38 R G IR 55 TR AU 5 P IR) DG 3R TR AR S R GE A 55 i
X, FEILUF 458

(1) BEFEIIA, DUTHAE 25 2R G e 55 10 2 Ta) AR i 5, He P B2 B2 S0 R e i) B SRS, — S IX AR
TR P9 J g PG T A D A B A 2 5 BRIV A B B B AR R R AR B AR AR /N, v B0 PG 3 A g L b
e i it A e 5 K URRA IR 35 (B S I D) /N B DB 2l L2 18] 7 A1 5 5 BIRIE A AR s SCHAR 5 L i AR 1 53R 1
A — RIS PYZE L I L e TS S Rk

(2)2010—2018 4F, DX SR IR F7 S5 047 R ik 22 (A7 78 3 i BRI 28007, SCAR IR 55 5 K IR TR 57
MR BEES BRIVAT 22 187 A6 A 25 A SO0, , MR B B 28 15 B A7 22 [ P ASUr 2800, 16 P3[R S8R e A% 4% i 55 1] )
FHR IR ZR SR L o 2 4 ELAF A5 0] 22 5k

http ; //www.ecologica.cn



6886 A E = 2%

(3) A XU s WM T £ A D T 2830 DX/ b 22 HLAT 30, 2 BRI AR DUk~ I
M, LSRR B b 2n il 55 o 3 5 TR G DXCRMAR Sl A 3, Db P8 bk i o 3=, 32 4R i e A7 K I
B Sl e VSRR a5 7 o7 N Tk AN T ¢ B AN L D SRS M e o -5 10 73 e 5 S S B (S D9
MR L BSCAB IR 55 5 IV 2P IXRIAE PR DX FEAlb 20 02 T L —F St DORIRE A S B A X3

£ % 3Lk ( References) :

] Millennium Ecosystem Assessment. Ecosystems and Human Well-being: Synthesis. Washington, DC: Island Press, 2005.

1 XUEZEE. PEBAAIRS G5 2 AR, HHE2AE, 2018, 73(4) @ 637-650.

[3] XIZH, $ME, WEL, BR. 2RI 55 DhRE AL I BE——LIRE 5t A . AR BEIR-# 4R, 2020, 35(5) : 1098-1108.

1 BRIERL YUV A 2R AR AL B A= S R GRS I ERFSE. R FRIR S XK, 2018, 39(7) : 113-120.

1 UK, AE, KT, RCH, DR, 5k ARG NSRS Y FBTIE R  H BA B S SO, s BRAIT S, 2013, 32(8)

1379-1390.

[ 6] Tallis H, Kareiva P, Marvier M, Chang A. An ecosystem services framework to support both practical conservation and economic development.
Proceedings of the National Academy of Sciences of the United States of America, 2008, 105(28) : 9457-9464.

[ 7] wigh, S, &80 hEIBHHOARIE XA SR GRS U85 DR A R343R, 2021, 41(3) : 1178-1188.

[8] TianY C, Wang SJ, Bai X Y, Luo G J, Xu Y. Trade-offs among ecosystem services in a typical Karst watershed, SW China. Science of the Total
Environment, 2016, 566-567: 1297-1308.

[ 9] Nelson E, Mendoza G, Regetz J, Polasky S, Tallis H, Cameron D, Chan K M A, Daily G C, Goldstein J, Kareiva P M, Lonsdorf E, Naidoo R,
Ricketts T H, Shaw M. Modeling multiple ecosystem services, biodiversity conservation, commodity production, and tradeoffs at landscape scales.
Frontiers in Ecology and the Environment, 2009, 7(1) : 4-11.

[10] Turner K G, Odgaard M V, Bgcher P K, Dalgaard T, Svenning J C. Bundling ecosystem services in Denmark ; trade-offs and synergies in a cultural
landscape. Landscape and Urban Planning, 2014, 125 89-104.

[11] 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.

[12] A7, BF, BIEAE, AjAh, BRER, BMSHE, T8, JET IR AR AMARIC X A S R G5 U SR A= 45241, 2020, 40(9) .
2827-2837.

[13]  XMedr, B3k, 250, T, kA0, RE. JuatiiE SR GRS 2 B SRS . A 252844k, 2021, 40(1) : 209-219.

[14] BROW, ELegE, BDEW, SRS, 2R 35 RRE RS RGOS AUEG 5 PpFE S AR, BT, 2021, 40(1) : 18-34.

[15] RBJE, PhAESS, BAWE, AUANIE, BXPHT, FhoK, BREE. B FobE LA 25 R G55 9 AR L X Hb R R s e —— LA AR AR BT 8 4~ %
R £, 2020, 40(18) : 6505-6521.

[16] KR, BRI, B, MR, XK, #e. EERGMS AT IR R, A2, 2021, 41(14) ; 1-16.

(171 X0ifE, 3R, BRIERS. PR KIS R G 55 I 23 B RABr DR Al C &R A= 35574i, 2018, 38(13) : 4609-4624.

[18] Dobbs C, Nitschke C R, Kendal D. Global drivers and tradeoffs of three urban vegetation ecosystem services. PLoS One, 2014, 9(11) : e113000.

[19] XVE, &Aook, WA, FAA, WU, 5T 2B A £ 1 2 A8 28 ) B3 15 B HACHT b IR] 06 28 2 . s AT 5, 2021, 40(7) .
2036-2050.

[20] ¥EB%, SR, E5T 5kG TSR ——m & SO AT P DR S BT, AR ASAHR, 2022, 42(2) ¢ 442-449.

[21] Huang L, Xiang W N, Wu J G, Traxler C, Huang J Z. Integrating GeoDesign with Landscape Sustainability Science. Sustainability, 2019, 11(3) :
833.

[22] BT, FIIE BT ERAESRGMS DHEFHN I £ MR 0TI, H E R, 2020, 36(1) : 25-30.

[23] Bse, Foeml, BER, SR8, RFUR. BITEHBS X B3 E N 509 Rk TARZAR, 2013, 29(8) : 232-241.

[24] BER, MEA, S, M, AEK, 22555, KM, T 308 FFAR KOG LW JUABBRMAIA S A: 71 3 B X A5 A A 1 W 3
AR, 2017, 37(6) : 1900-1911.

[25] fafil. FEF 2 U5 BB Z I REEO 5 R XIT R ——RABUMN T I [ D] M . Wik, 2019.

[26] JiiE. B ARsAL I 2 0L SERBISELD]. BN . Wik, 2020.

[27] HERE, WHRTE, B, Bk, 2. o3 1 DX b R S f xS AL A ek R B e A S R M B 2R 3R, 2007, 62(11)

1123-1131.
(28] B3V, faffcdy, whie, i, Vi, #1000, Bemie J6T InVEST BB BRI IR E A 00 4 25 RGCRAE RS, R Mol B K
S, 2021, 41(3) ; 120-128.

http ; //www.ecologica.cn



17 3] TR 55 2 A3 XA 25 R G I 55 AU 5 DI R] O 2 —— A JH T S 451 6887

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]
[42]

[43
[44
[45
[46
[47

[48]

[49]

[50]

[51]

JRIFR, MR, B, Bk, IS S, PEASRGUKER IR RE R R R, LA, 2017, 37(7) @ 2455-2462.

Daniel T C, Muhar A, Arnberger A, Aznar O, Boyd ] W, Chan K M A, Costanza R, Elmqvist T, Flint C G, Gobster P H, Grét-Regamey A,
Lave R, Muhar S, Penker M, Ribe R G, Schauppenlehner T, Sikor T, Soloviy I, Spierenburg M, Taczanowska K, Tam J, von der Dunk A.
Contributions of cultural services to the ecosystem services agenda. Proceedings of the National Academy of Sciences of the United States of
America, 2012, 109(23) . 8812-8819.

Milcu A I, Hanspach J, Abson D, Fischer J. Cultural ecosystem services: a literature review and prospects for future research. Ecology and Society,
2013, 18(3): 44.

Phillips S J, Anderson R P, Schapire R E. Maximum entropy modeling of species geographic distributions. Ecological Modelling, 2006, 190(3/
4) . 231-259.

Richards D R, Friess D A. A rapid indicator of cultural ecosystem service usage at a fine spatial scale: content analysis of social media photographs.
Ecological Indicators, 2015, 53 187-195.

Yoshimura N, Hiura T. Demand and supply of cultural ecosystem services: use of geotagged photos to map the aesthetic value of landscapes in
Hokkaido. Ecosystem Services, 2017, 24 68-78.

B, B, M1 FET SolVES BT AR 25 3 B8 SCAL MR 55 N (Al —— LA VA8 B B pg B AR S A T 1. AR A2, 2018, 38
(10) : 3682-3691.

He S, Su Y, Shahtahmassebi A R, Huang L Y, Zhou M M, Gan M Y, Deng J S, Zhao G, Wang K. Assessing and mapping cultural ecosystem
services supply, demand and flow of farmlands in the Hangzhou metropolitan area, China. Science of the Total Environment, 2019, 692 756-768.
LiT, Li Y H, Fu BJ, Hu W Y, Comber A J. Bundling ecosystem services for detecting their interactions driven by large-scale vegetation
restoration: enhanced services while depressed synergies. Ecological Indicators, 2019, 99, 332-342.

Jopke C, Kreyling J, Maes J, Koellner T. Interactions among ecosystem services across Europe: bagplots and cumulative correlation coefficients
reveal synergies, trade-offs, and regional patterns. Ecological Indicators, 2015, 49, 46-52.

rll, BB, e, AR, BIK TR DGR BREAMR LR T A SR M SR S KR T K AHFUIST, 2020, 27(2) : 276-283.
RS, PIARER G & - v, B, M S 1994—2016 4 1 FH 4 Y AR BB 5 I 2SR Ak BT, A2 A2 AR, 2019, 39(10)
3710-3719.

B, W, 2T X A AR X AR A R GRS M (B R . K+ (RFpi A, 2020, 40(1) : 213-220.

Badgley C, Moghtader J, Quintero E, Zakem E, Chappell M J, Avilés-Vazquez K, Samulon A, Perfecto I. Organic agriculture and the global food
supply. Renewable Agriculture and Food Systems, 2007, 22(2) : 86-108.

B, VUK, RIS MDA B R GRS M E AL AR DGR, ARSI, 2020, 40(12) : 3909-3920.

WURES, EEH, REAE, M. ASRGMRASAUE PRt R 5 s . kR E i, 2015, 30(11) ; 1250-1259.

LI, 2L, . UL S R GRS AU S R R IE . RILRBGT IR 5 A5, 2020, 29(7) : 1619-1630.

MR, BEiE, B, BRah, B, K. SRt BIRILA B RS D RE . 2283, 2021, 11(3) ; 60-67.

Sun X, Lu Z M, Li F, Crittenden J C. Analyzing spatio-temporal changes and trade-offs to support the supply of multiple ecosystem services in
Beijing, China. Ecological Indicators, 2018, 94. 117-129.

Su C H, Fu B J. Evolution of ecosystem services in the Chinese Loess Plateau under climatic and land use changes. Global and Planetary Change,
2013, 101. 119-128.

Farber S C, Costanza R, Wilson M A. Economic and ecological concepts for valuing ecosystem services. Ecological Economics, 2002, 41(3) : 375-
392.

van Jaarsveld A S, Biggs R, Scholes R J, Bohensky E, Reyers B, Lynam T, Musvoto C, Fabricius C. Measuring conditions and trends in
ecosystem services at multiple scales: the Southern African Millennium Ecosystem Assessment ( SAfMA) experience. Philosophical Transactions of
the Royal Society B: Biological Sciences, 2005, 360( 1454) ; 425-441.

Karimi J D, Corstanje R, Harris J A. Bundling ecosystem services at a high resolution in the UK: trade-offs and synergies in urban landscapes.

Landscape Ecology, 2021, 36(6) . 1817-1835.

http ; //www.ecologica.cn



