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Evaluation and optimization of cultural ecosystem services in rural areas from the

perspective of residents: a case study of Sishili River Valley in Zhejiang Province

ZHANG Shiyang “ , ZOU Yizi, YAO Sidan, CAO Xugqin
School of Landscape Architecure, Beijing Forestry University, Betjing 100083, China

Abstract; The perception of cultural ecosystem services ( CES) among rural residents and its interaction with the
environment is crucial for enhancing environmental quality and the well-being of residents. Taking Sishili River Valley in
Zhejiang as a case study, by utilizing the Willingness to Pay method, Public Participation Geographic Information Systems
(PPGIS), and the MaxEnt model, we evaluate CES in rural areas. The key findings are as follows: (1) Rural residents
have high demands for recreation, aesthetics, and historical culture, with preferences further influenced by age and
residential environment characteristics. (2) Hotspots of regional CES include the town center area where Fenghui Ancient
Town is located, the rural area south of Tongming Sluice, the Dongming Mountain Scenic Area by Siming Lake, and
Hengkantou Village rich in red resources. In contrast, cultural ecosystem disservices( CEDS) are mostly distributed within
the densely built-up areas of towns and villages, as well as some scenic spots and quarry areas. (3) The most significant
factor affecting CES is the distance to cultural heritage sites and scenic spots, followed by the distance to rivers, lakes,

neighborhood committees, and village committees, as well as elevation and land use types such as artificial surfaces and
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farmland. CEDS are closely related to the distance to cultural heritage sites, scenic spots, and neighborhood and village
committees. (4) Combining residents’ preferences and MaxEnt mapping results, the study proposes methods for delineating
high-value conservation zones and potential enhancement zones for CES in rural areas, supporting the targeted
implementation of three types of spatial strategies. The research provides a methodological reference for CES assessment and

its planning applications in small-scale rural areas at the township level.

Key Words: cultural ecosystem services; MaxEnt model; public participation geographic information systems; value

evaluation; rural areas

B R GCAAR S ( Cultural Ecosystem Service ,CES) BTN AES RGP PAS AR S, AL F5RE
AN AR i S5 AR T AR R A E S R G SS , CES B 45 5 W N L B8 5 1R 56, J2 A2 ik iy
FEARNAE BT R SOURIE AN A 5 N T S R BRI EO SCAR A I A A=
W I, A HIX 32 [ AR A S A AR Oy 2 A SRR RN TS R G AR IR 55 1
Ry R E TR SR X Y R SO0 SRR @ BAT ZRE I RRAE TR s T I PR S g+
M AR EIR DR 4 5 R v € 46 B 055 [) U A% G2 25 TA)JE 25 | A2 G 28 0 by SaloRS 1t ¥ 30 ik 25 SC A1)
R (AR AR ) 4R B S A SR R R R S5 A R, R R O RN SE S R, R, TR R S R
DX CES PPAl , B B HARRIE 5 R0, X T 38 £ AT - s Jm De b  BR5E i B3 THA & i s R AR HE A 3 K B A
HEMME,

FAiT, T E 2 R HLIX CES BF58 R 2 LA BATELIX R Fm e oe ' st 4 6 2 B— /N & 4
b XA SRR A S A b XA T I DX A0 A B ) 5 2 BT, PR AR PR SRERRAE 175 W LA 2 SO Ak TR R R
PRI T R R 2R 5 ZAHVEBC R BIFFE AN S B 125 S HEAL R R A R 2R 8 & MRS 5 CES AL SIPLEE, [almf, 31
AREFEXFVER S R A 00 A7 AR R OGN L D RIS TT R T Ja R S & M L b R )
RO SRR AR ASZ Y8 5 25 AL T s AR R . A, A £ RHIT 5 X BRI AT BE A O 1Y A= 25 28 ¢ 07 T 52 1)
(Ecosystem Disservice, EDS) JC{EA 2, JoHJEHd 5 CES A1 XF N 1) 4= 2 & 4 1 1 SC AL % W ( Cultural
Ecosystem Disservice , CEDS) ,ﬁnéﬁl\%ﬂéﬁﬁé!@%“” o VU FRGE T X 3 45 s AR BERRAE XS T 24 /T £ R ER
BEiks anibin BREE THA o B SRR

CES 1 00 AR B M A O LAPEAG 1 0 Y ATATFFE IR ER CES B B SRy 45 8 A5 iR
SRR R AL 5 400, T8 A TP BRI ER BE VIR SRR PR RS A =R A R AR
BB TF R CES WF5T AR A 1 K B a5 107, (HAA 7R 25000 K V5T 15 18 FH T 170 ) BR A R e B
FORER 1 55 (R, AR GEUTRIE REAE 42T IR A B ARAT I A X0 R 1 AH ST BRI R 125, (H 32 BT Hi 40 AR A i) A
IR IR RR . SO R AR ARG R Iy b 3, RS DL AL 0 7 AR A X 4 CES i 47 1IE .
W& s S 5 (5 5 A 45 (Public Participation Geographic Information System, PPGIS) 7£ CES W52 )1z
72 REME AT SR FE AL GE U iRk v M AR BB 1 ) TR S A R ARG s, — e R R T T
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Fig.1 Location of the study area and environmental characteristics
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Be g ol , AHIT A AR 5 SR A f ) o R, B 984 324 s B i il A PPGIS SF- &, FH LS sl Bk £ A e R X
CES F11 CEDS J&JN 1) 25 [6] 547, RIHBAS RN R CES Ay S AT 2 =5

R1 HARPESRELURSNESRELELNZMIBIRE R
Table 1 he index system of CES and CEDS in the study

JE M Attributes I Types VLB Description
B ARG SCS VNG TEREHUE MBS SR R R AR, SRR B B O ORS RBHUE J7 ( t J7
Cultural ecosystem service *hasetE 550 0 I A T T S A58 16 B Y iy

HE THRAS S OB , sl K A S SRR by

Kt PHZEHY RS RRIR Ay, B AR A A 3ty

Ferg A6 F5 I s R

Hb I JERSZ B Y 4 SOk b AR B AR AT U S IR AR

Ji s 3k BSOS | ot FE ST b, B AR A7 B e JBE 7 sk 45 I 1) by
S FR G SR AR AN PPN A DI (AN AR 32 25 A B RESS) (7
Cultural ecosystem disservice AN FEA AN B CARC AN R AN AE ) A3 T

WKFCHE /DT HIELE S PPCIS A5, AR A 3 AN (1) TARE X A5 B L FE TSI AR |
JEAE X 38 JE AR E] | H SR SCAR R BE 5 (2) TR0 A5 R Bk R A o e /N e P B A b P B HE 4528 CES A
CEDS fe HARFR MY 5507, 2T 3k 1—3 4055 (3) CES B'ZHiF%iIV\ Pa A X LWL T 100 T, %A A SLA
BIEBCHE] 7 28 CES 2, e (] EXCEL XU 21 i Lt A5 B AT N D24 R SE 1T, 200 7 28 CES 19
ABIP B -5 e AB, IR T D 2R AE b Hov S Ak 3 Sy iy 128

PPGIS £ F 2023 454 H 8 HE 10 HM4 H 21 HE 22 HEHIF R, W& L ECE k45 £ 81 HriEr
VR F ] o S R B e & B AT O R TR A o DX L R AR SR (R YT B S T R AR
INRIARTVE (6 2) , A LA 308 4y, Hod 305 3 M SR, B EHRTE ArcGIS H B BRAF 5% X 41

e, R 2077 AR ERRIC A (E 2)

&2 PPGISHEREMESHE
Table 2 Locations and quantities of PPGIS data collection

(RyL &5 UNEVIIPN AT b BRI EL DA Esil]
Administrative unit Population Collection area Number of questionnaires distributed Type of settlement
FHAH 5 FEH L 128 74 T B X
WU 28 WA B R VA
EliE ey 16 A BUR VA
=R 6 TR AU %
PR AT 4 ML
FFEL 1.5 ﬂk‘ﬂJ%EEP N 34 16 UL
i 7 7 MR %
I)"l%’fffﬁ 11 TR AR
Zh itk 1 2.9 ZR 17 3 0 67 35 T R X
SRS 23 TR R %
T AR 9 TR VR
LS 3 P 76 34 TR X
FIK 16 MR %
BEPCLAS 11 TR RN
ARe 15 AL

2.2 MaxEnt #8Y. CES Br{E 5315 il El 5 542 243 Hr
MaxEnt #5R1E—Ffiz e R BB A BF 5 e, T2 0 T A 252 R A 0 b TR~ S5 400, R L 930 4 o
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A S RGNS FTETE A . BT 2 A 1WA sl 55 80 | MR AR R PR EE AR 7 /D s A6 500 1) 1X 4k
15 PO B A 2 A T Y A i 22 et oty v b g — B BT 0—1 A9, R iz BT b B — ) il
o R 45 BRAY AT e | DT S ER [X ek 3 44 A1 25 T 434 i >

Rk 3 ) AR DG [ B U O 22 , 1 5808 F AreGIS HAE 1 30 mx30 m 9 A% %o BT R4 21 1 IR 55
SR 1 S0 S R B B AT A T RO R S I SRR SR S PR B A A — AR A MaxEnt, BEHLIEAR 10
K, LLEE SRS R B 1T, 3 A AreGIS HLL 0.1 A FRiEAE B 10 D25 M43 A 8, MaxEnt BRI
AL 2375 31 45 P45 A8 1 (g e 07 [T 2k, DA R BRI A0 a6 295 S 1) D R RN e S i oz gt e T DA S g R o
XT3 A )5 M RHLAERE T R 32 R o D M [ sz e 17 70 o 238 SR A el e, 0 3 A v, DU A e o) 4
SRR A T — K AT RE R B A A e AEAS A S g S (RS e S Y st
BRI, Maxent 4232 i — 25 280 #& TAEHRFE £k ( Receiver Operating Characteristic, ROC) fiZE , ROC fh £k
T ( Area under the Curve , AUC) FIVENIIURE EEFE AR , DAL R BRI SRR . AUC {ERRFEVT 1, A
FEUBOR AT, /N 0.5, W6 B AR 58 42 R B HL 234

TEHRIE B Y PR B 2 5 2 MaxEnt BB 200s 55 09 OB, AR P8 2010 4F 5 LR 47 W 0 rp oy (World
Conservation Monitoring Centre, WCMC) & A B Het5 FIELA H [E £ #F CES RS Hh R PR B A e e o1 SIS
AR5y BAR SR H AR 2 R Z5 S RTII B0 BT, 258 B AR SR8 AL 45 5 P2 (elevation, ELEV) |
IH—AL A B 5 5% ( Normalized Difference Vegetation Index, NDVI) ] 5215 25 ( distance to river, DTRI) Al #A
H S (distance to lake , DTL) , N\ R 55428 i 5 27 & + M A FHZE A (the landuse, LULC) | 3 # 5 25 ( distance
to road, DTRO ) | J& 2% 25 FI A 2= 2 5 2 (distance to village, DTV ) | SCA# B4 1 25 ( distance to cultural
heritage , DTC) LA JZ i 5 X #7 25 ( distance to scenic spot, DTS) (3 3) . 5% H i H A0 R 5% A48 - Kl ok B F
2019—2022 4[], Hor il 2R T ArcGTS BR PRI B 33 A Dy e 8, el 249 Ak B B TC /Iy
30 mx30 m AOHIHE KO I E AT IH—fR AL B /E N MaxEnt A2 8GE 5 ARG 2 (K 2) , eAh, BIFFE0 X 3045 28
WA GEHE P AT 2 IR VRS0 25 R WA PR /N T 0.7, BRI & IR B AR 4 T B

£3 WMRETERHEHEERIR

Table 3 Environmental variables and their data sources

A A I Ar Bt R I8

Variable types Environmental variables Data sources

A SR &M A —f A L Google Earth Engine 1437 & http://www.nesdc.org.cn

Natural condition [ ASTER GDEM V3 (30 m) $(#}54E https://engine.piesat.cn
FE A B S T [ 5 f M 5 1 hittps : // www. tianditu. gov. en
AT T b TR] 2 5 L 5 18] https : // www. tianditu. gov.cn

N A LEA R 2 GLC_FCS30 7= https://data. casearth. cn

Artificial condition T T b JR1 2 5 L 5 18] https : //www. tianditu. gov.cn

K Hi 5] 5 it H PS4 1] hitps ./ www. tianditu. gov. en , 17 BUR 24 5%k B #i

] IR 7 2 iy B
HIZ SR Z 5 LA N B U M3 https : //search.zj.gov.cn
i o 1 Kb K M 4l B https ; //www. tianditu. gov. en, [E R g A g T E
FEOC R 1) SR 33U T 5 RO 6 A B

S g g s://www. tianditu. gov.cn, A 2% 5 [X 24 55>
BB X A K Hi (51 5 dit H P14 1 hteps . // tianditu. g JABERL SR

WA SCAE IR T https://ct.zj.gov.cn

2.3 CES m{HAY S5 1427 X i A

W5 CES X143 3 FhZE A 2650 LIS SR ) 23 ISR G 74 07, (1) 3% SR I | 6035 R IR 162 4R
FEAASE 2 Bl CES; (2) K MUBHIR A0 5 207 3222 SR 3 Fl CES; (3) By IR Y, 40 55 b )y 85 1 of S
b2 B CES, #kHiEm RXT 7 28 CES MR AR EALTE , 456 MaxEnt FUI ] K145 58, 12 F ArcGIS HiHA% 115
PORBTRIS R T HA B SR s R SRS F R 3 GBI, [RIRE, L 0.1 SARIESY 10 RS A M (5
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Fig.2 Environment variable raster data
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3 RS9

3.1 ZUiE ANOSH SRR

ZVIE PR S 37% , Lotk 63% , HETIR F RAME TAESE R 53808 BB D . Z Vi3 0 i
BRI AR IES 0, Hoh 31—50 # e £, di b 53.4%, ZUiE TR KIS S R EAH G LT
82.5% ,F5 & Lh & K BN ALA BRI ST RN . R 20 32 U & WCAEE 2000—10000 JC2 18], 5 EE 77% ., ZEH
FREE D7 B2 Ui ik #lm v LA L 5 H 60%

100 JC XA BB A S R, A5 Be M E AR BLEAR I & AR R CES F5 SRR A-RHAE , HEFF 7T =714 43 51
JERINIR IR (43.47) (355(24.76) FII L SCA6(11.47) o M {EHIERE AR — @ B BRI 2 A JE RXT CES 772K Y
WBPE HEA T 3 RIRE R PRIR SR (240 ) 2527 (180 A) FIT 52304k (98 N) o 4har A E 45 E A0 Hr AN [a) A
HELE A SR U B 255 (6 4) o AEIR DT, 50 % LU L & A R T AINAE B AR IR 10 AR AL £ A8 18 | i
P2t 50 % VLR R ROy E L, RN 5 45 T RO R X S AR A8 W A A, B RO T
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ST R i G 2 T e T A M DX 5 T8 ) S W T RS B B R DR A5 S ) i e RV 5 5 i R ol
SCAE -SRI B RIREEARR R = Fy BT 2 S A A 2 D 22 8 2 v T LA X ) WSO B 2 R JEE
# CES (ReFs2 M/

R4 ARAOFHEHAETHABDRESE

Table 4 Per capita value distribution under different demographic characteristics

A s AR gy il LR PRk

Demographic characteristic Entertainment . Soma? Education Spirit Aesthetics Sense Historical
interaction of place culture
P51 5 4491 6.63 6.08 2.92 22.95 5.91 10.57
Gender ks 42.63 5.00 6.07 2.63 25.83 5.82 12.00
AL Age 30 4LF 42.37 2.88 6.79 4.57 26.27 2.86 14.23
30 #—50 % 41.55 4.78 6.82 2.48 27.14 6.01 11.19
50 % LU I 48.03 9.15 4.09 1.92 19.03 7.68 10.06
JE A P B 46.21 1.36 6.36 3.48 31.06 5.61 5.91
Place of abode F 37.01 6.29 8.03 3.99 21.93 3.54 19.19
pi& 1L 41.21 11.21 2.66 0.91 32.18 5.45 6.36
RTE 49.89 5.00 4.94 2.14 25.87 6.11 6.02
AUA 5000 JCLA T 43.47 5.61 6.07 2.73 24.76 5.85 11.47
Monthly income 5000 JCLA_E 42.85 5.71 6.23 2.26 25.11 5.97 11.83
ZHEREE wh & LE 43.45 5.62 6.09 2.58 24.84 5.87 11.51
Educational status = et 43.18 5.68 6.13 2.44 24.96 5.93 11.45
K&K 42.99 5.51 6.15 2.77 24.89 5.87 11.62

3.2 HrEIH R

AR EL oA 1 (18 3) 20 5l GE it BF 52 IX 4k CES Hl CEDS B (45 K-F B A 61X (0.70 LA L) T
I, B CES AP S4 fE R i Y2 L 5 /2% (0.20) , HIRO#0F (0.18) , el 5654 (0.12) o mi{E X MU, i
B R [ B O 3 D7 J (7,82 km®) , FLUR R 4 22 281 (6.43 km? ), Fe {7 s SCAE (4,86 km®) Al E 24

>»Z

m
o
3

ERECOEEEE S

o

3 BEMESTE

Fig.3 Distribution maps of various values
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(3.57 km®) , CEDS "' RZEANBURA M E 8 BCE-FIE Y4 0.08 , 1A 22 JERFIA L IR = B D AR 430 A
2.22 km* 1 2.52 km’,

WRIRIR AR A2 S R b ) 1 L DX 3 AT AR AL, R RIS DX 3 456 = By BT 7 1 v O L DX 3
] AR AT V& AR FERITA) S A SRS U 7K 0 £ B - 1K, 5% A0 00 Y T8 i 75 7 T L 5 DX P R AR R XA
DU BRI 1 2T 0 SCA BRI B AR RS A R IX, DA B R A A T A0 1 AR L B I | D RN AR 22y A 1 T
HEFEAT X, KSR (L DR AR X B IMB R X 2 | B0 T 45 2 81 Mg b by 5 F 25X, B2
B X AT H AR S AR KOG T i i DX, A2 5538 B 7] L RS 1) £ BF e X DY ARt 2 2 25t X —af =F
PR R R RIS XORRS 1L5IXCA . 208 s SO i (i X R HARX R b, F 20 TR K
S IE AT A Y = EEAE OV B DX T AR R R 0 SR A B T AR ISR DX A R AR B BT B AR B L
i1, CEDS 7= B DX RS 3 45 /N, PR 2GR (X B0 A0 T 2 48 R TE S b e i A X N, AN sk (i IX
bR 2 B B AN B ALHG K g A S XS BRI SR AT A IX
3.3 CHERAER AR i N AL

W25 R CES 2 AR ZAM S NN R MZE G (£ 5) . ST ovmk 5 2 W G H 2 X — i
W], DTC #E 47 CES Fl CEDS HBE 2 T &5, o) — A~ EAT R S () A5 A8 2 DTS X B TR 2% |
K20 SN HAD CES H12 3 CEDS Y47 50, DTRI =B850 TR IR SR 208 Fiat 2584, DTV £ 85
M) 14t 28 0E s SCAR AT 2 B CEDS, BbAk, #87r IAEE AR S X H— CES A —E#2 M, 4 ELEV 5758, DTL
g2 I LULC 5083tk

x5 HNETENASULTHENERE

Table 5 Table of Percent Contribution and Permutation Importance of environment variables

- TRIRBL e Hr i o
WA Entertainment Social interaction Education Spirit Aesthetics
Environment variables . o N o o

TIMEY  EEME% TUE% EEM% TiEe EEMER TUlEe EEME%  TIE% B
LULC 3.0 1.5 2.8 0.2 11.1 2.1 2.3 2.4 5.4 3.2
NDVI 4.8 6.3 2.2 0.6 0.9 2.8 0.8 0.2 1.7 2.3
ELEV 4.7 53 1.0 0.0 2.2 8.4 2.8 18.2 5.5 1.4
DTRO 0.8 2.3 0.1 1.0 5.0 6.9 1.4 7.2 2.7 34
DTRI 13.1° 29.5° 155" 9.5" 11.47 27.6* 6.1 15.3 4.0 2.5
DTL 4.9 4.2 2.6 1.8 0.6 3.3 1.8 1.0 83" 13.3"
DTC 58.8" 30.6" 489 31.0" 36.4" 33.1° 71.4" 43.8" 55.2° 40.6"
DTV 4.7 12.6 12.3* 37.2* 5.3 0.4 6.1 6.3 0.8 2.7
DTS 5.1 7.8 14.6" 18.6" 27.1" 15.4* 7.3 5.8 16.4" 30.6 "

- IS i X fe YT TR

IR b Sense of place Historical culture Unsafe Unpleasant
Environment variables . . o .

TRE %  TWEVE% DK% WEYEe TUikE% WYk TuikEe EZME%
LULC 5.0 1.2 19.5° 9.8" 14.7 3.6 11.5 1.4
NDVI 1.6 1.9 0.7 4.5 3.7 2.7 2.4 0.8
ELEV 8.1" 23.6" 5.8 19.3 2.3 8.0 4.2 14.3
DTRO 1.2 2.5 4.0 2.5 1.8 14.6 1.1 6.5
DTRI 1.4 3.7 5.2 9.5 2.3 5.8 4.0 7.5
DTL 0.7 5.1 7.0 34 4.1 6.3 3.9 6.5
DTC 61.3" 28.4" 349" 12.3" 46.9" 12.0" 455" 14.0"
DTV 9 12.4 9.3" 31.9" 11.7* 29.1° 11.9° 33.7"
DTS 11.8* 21.2% 13.7 6.7 12.5° 18.0° 154" 15.2"

LULC; - A FHZE Y the landuse; NDVI; IH— AL A4 9 45 %% Normalized Difference Vegetation Index; ELEV . =R elevation; DTRO ; T 3 R
distance to road ; DTRI; BEYA IR FE 2 distance to river; DTL BEMIVAREE] distance to lake; DTC ; BE SCIRBA7 BE S distance to cultural heritage ; DTV . I &
Fe MR 224 distance to village;DTS;EEﬁ XHE S distance to scenic spot; * TR N BEN LR
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Fig.4 CES response curve and bar chart for each environment variable
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Fig.5 Mapping of CES conservation and enhancement zones based on rural residents’ preferences
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