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Assessment and zoning of habitat services in urban fringe areas from the

perspective of social-ecological coupling
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Abstract: Urban fringe areas are social-ecological vulnerable areas at the interface of urban and rural areas, and their
habitats are deeply influenced by urban expansion and rural urbanization. Assessing the plural values of habitat services in
urban fringe areas is crucial for environmental protection and sustainable development. Most of the current studies on habitat
services, however, either focus on biophysical processes and ecological quality or consider social perceptions, and studies
integrating both remain rare in urban fringe areas. This could be detrimental to the formulation of conservation and
management strategies with broad acceptance. Taking Qingpu District in Shanghai as an example, we collected its physical
geographic and land use/land cover data, and obtained residents’ perceptions through a questionnaire survey including
participatory mapping (n =223). We used the InVEST model and SolVES model to assess habitat quality and habitat

perceptions, respectively, from the perspective of social-ecological analysis. Furthermore, we analyzed the coupling
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coordination relationship between them using the coupling coordination degree model, and investigated the influencing
factors of the variation of the coupling coordination using Geodetector. We finally developed habitat services conservation and
management zoning based on the above. Our results showed that; (1) the habitat degradation of the study area was at a
relatively weak degradation level, with a mean value of 0.224. Habitat quality was at a relatively low level, with a mean
value of 0.340, and the spatial pattern was high in the west and low in the east. In terms of social value, an average of 1.37
points of habitat perceptions were mapped per person. These points were distributed mostly in public green areas, water
areas, and several villages with good greenery. The spatial distribution of habitat perceptions was more even, with moderate
and high values distributed in striped patterns along the water areas. (2) The coupling and coordination of habitat quality
and habitat perceptions were in mild incoordination, with a mean value of 0.428. There were more units in mild
incoordination, with a percentage of 35.90%. The spatial pattern of coupling and coordination was also high in the west and
low in the east. (3) Socio-economic factors (e.g.,GDP and road density) were the main influencing factors of the spatial
heterogeneity of coupling and coordination, and they mostly interacted with landscape pattern factors (e.g., patch richness
and Shannon diversity ) to enhance the explanation level of spatial variation. No significant influences were found for
landscape connectivity on the spatial heterogeneity of coupling and coordination. (4) Based on the high-low matching level
as well as the coupling and coordination relationship between habitat quality and perceptions, the study area could be
divided into four major categories and twelve subcategories. Targeted conservation and management strategies were proposed
for each area based on local conditions. Our study integrated the complementary intrinsic value and relational value, and the
results could provide a basis for comprehensive habitat conservation that promotes coordinated development of ecology and

society as well as harmonious coexistence between people and nature.

Key Words: social-ecological systems; habitat quality; perceptions; InVEST model; SolVES model; urban fringe areas
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Table 1 Threat weights and effective distances

PR R R/ km & 23 (B S A 2
Threat Maximum effective distance Weight Decay type
HH Cropland 0.5 0.3 24
% M Built-up land 8 0.8 L8
2B Highway 4 0.4 2k
e Railway 3 0.4 2tk

*2 EEEEESWARBMNEFRERE
Table 2 Habitat suitability and sensitivity to different threats
SR T RUB N Threat sensitivity

KR o
Cropland Built-up land Highway Railway
Bt Cropland 0.7 0 0.5 0.2 0.1
H s Forest 1 0.6 0.8 0.7 0.6
HEAM M Shrubland 0.8 0.4 0.5 0.7 0.6
HiM Grassland 0.75 0.5 0.5 0.2 0.2
JKAR Water bodies 0.8 0.7 0.8 0.4 0.4
B4 Wetland 0.85 0.8 0.9 0.5 0.5
A% A Built-up land 0 0 0 0 0
#iH Bareland 0 0 0 0 0

2.2 Z255UHKES SolVES il

A5 R S 5T EIF SolVES 3.0 BRI A B MR 55 14t 23 BN EA 7174l . S 5 50 B R4t i A o7
M GIS HARMEE A, PR Z U3 EEREN 1) 25 [8)M5 B, BT e N A AR RGE MRS it M E T,
PRAZ T 2022 4 8 T 7ER SR X IR 2 55 =il 16 5 1Rl JRT , 52 U7 3 BR o by 2 b s B DA DR BIF 9 DX 1) 28
BB AT A S I s At S M AR e, () B 3 A ER . (1) VAR B W28 5 s R . ) 32 1
FHER A3 HIAE W X TR AR, IR0 205 5 78 B A U0 A G v b DL ST IE AR A 2 8] 1) 5 (2) #h 4
B ARS BRE 52 U 2 1 A S5 SR 1) 1) 25 AT < WP 6 by A5 45 Fh S RE R shi A2 1) R FEIF ST IX
H Pl AR B AE B IR S5 A 5 (3) B2 U8 N GEit 2R ME . & 45 A& 227 4y, 4 &4 ik 223 By,
B 98.24%, ZiE v, B9 b 4Bk 63.18% Fil 36.82% ; 4F % L 36—55 B | £, i 40.72%;
56.82% A KL LL L2E 17, I 32 1 B B R S B /KA, BRI PR T 5 P 2

X T2 5 20 BR300 8 S B , ABF5E R SolVES B 4047 Hi2s (8] 43 A1 HR1E . SolVES #5571 5% FH 7

http ; //www.ecologica.cn



1506 xR 44 %

SRS B 42 O A A S R G SS (AL 2 B, TEAG 25 Rt 0—10 AOMMEFS BR R R i 75 4008l £
BTG 125 2R s B, DA 9 X - R R 2SR s e S | B I s K R R 5 b
WRE)Z, BRI RT . (1) XS E ST P i 48 i, IE AP B i 4B R (R (H) JOH:
PRiEZE (Z ) FIWT SR 9 25 (R SR AR BEAIL B B8 B A5 (2) SR A BE 43 T R 9 M 1 a5 1 B AR o0 A
HE 5 (3) 5 03— AR A R 2 BE 4 M 5 e ROl ( MaxEnt ) BRI A 45 4 | i LSS 27 > s T IR BE R 2 29 N ik
WRIMER A3, A U EFE B 5 (4) i3t ROC 4R T i AL (AUC) DAPFAS#E R AT S | AUC {E KT 0.70
TR ZE AT 34
2.3 A PR RLA

ATIFGE R PR G I 8 A 700 ) 0] A 35 o AR A B RN A B P R DG R L S e R A 1A Sl BT B T
(F31 195 ARHEAE BT 405G 184 MNMTIELRT (10 NG X RL K 1 ANTEILBIBATIE) . BRTE LW BT o, 5 3
XA 3 BT T B AR Ak 5 22 535N s H AT SR8 e R [ 45 TR R A A AR b e 25 1) L 9 SE A B /N B os e
HOR VAL BT RE IR AE SR AR ZOR T A S R G S54SR E MR R BB E ST mE s, B, 8T
A S IR PEA 45 55 i 5 3 — A A= B8 i (0—1) AHVC L, BRI 0 25 SRAE HEAT 0—1 R 2 W — X f|), &
J&i ,E ArcGIS HURH B SR WT 2 0K #E A VR B R 5 o0 4 AN SR ™ BT R AR R R AN R A P
R = 7= v [ I
(5)

(6)

T=axX, +8xX, (7)
Kb, D NS A SR A RS VMR L ; € WRRGTE ; T NEREUMRFEEG X, | X 205 R A B o i Fi AR
BEATH 4505 o B MR EACE A B AR R FEZ WMl a =6 =0.5,
2.4 HbIARDNER
ARTAR S I P St B0 5 9 A B I e A A B R A A I 26 R 2 ) S S Mk A s i R R T o (R
RO FH T WA 52 0 DX 3R A0 i AR B, T o R 6, o (R SR WY 52 )[R 3R TR 45 9 81 O 38 225 ) A1 114 52 il
KHEAXWT .

L
2
z Nh g,
h=1

=] - 8
q N o (8)

K, ¢ WS HENRRERRE RN, b R BSGEWE R ; L e R WAL N, N 300539 h
Ma X RITEL; o) o 0o h FIAIX IR 722

2 AR 0 F 53 A AN PR - 22 1) AR A T sl S A PRAS R T) A OC R AT 0 A R R ek 55
RS e B s IV UPS I  L VAR SIE | 2 o B T i

S HFEICHERDS %) ARRFSE BT 11 AN R R VAT 40T, A48 NDVI 4 b 2R, S0k 1)
B EE (PD) BEHE 5 B (PR) &4 M (CONNECT) (A (AD) K L FE1E (SHDI) T 4R 2 5] F
(SHEI) % 6 M 5oUAE %L, LA S GDP | N F4% BE FILE BRI AE 3 ML SR TR R . 24552 M IR R 1R R RS
HEFFGET 30T, 2 F A SR S A T B U A AL B 5 A b BRI 25 vh AT IE
2.5 X

SR A GO A 35 I A 5 A B B A DL e 56 2R FIR A& Wb o6 R AR S &, 4 A B AR 45 1A T
LEAT IR, BT, BT AR X AR BT T AR BRI VAN 45 5 43 AT Z-scove ARUELL, I LIARHELL ) B
ARSI R x Bl AR AR AE B B R B AR ARBR R AR R DU G B AR B i 5 AR BB A DT G R
K153 R 4 FhISTY w8 Jo et o SR A | o Jot e~ R AR 0 - R 2R AT, T - e JER A 43 0l X I 5 — A DU 42

http ; //www.ecologica.cn



4 34 R — A TSR SRS U BT 1 2% X A5 I 55 PFA 5 001X 1507

PR, SRJE REDCRCES R SHEG PR BE ARG &, XA R DL AR B E— 20 Al 73 (P 2) o AR P 1 2 ) 8 ™
Az B 2R X AR B 55 EA T O DX, 5 XN S i R R R HELARAAE

3 ZBRESM

3.1 AEBEETEAS AR

LT InVEST A4S 295 1 X AEBRR RS IR ArcGIS 1 A SRWT S0 B LR 4o 5538 1 A9 1R
b AR AL BCRIR AL FIRRIR A 5 AN (IE 3) , SRR FHIl X A SRR B R 0.224, AR AL T4
SRR, 59— 1k B E9IR Ik AR AL R IR AL AsRAR Ak b7 H 43k 36.31% .38.38% ,4.93% ,15.98% FlI
4.40% , W23 A% R KA, A0 B 18 Al A P ik AR A b X = B30 465 VG g 08 540 A TR YT AN AT VR LA R RS AN AR
IS4 DX TR AL A 2 BT 2k 5 AR AR R B 58 R A 533 Mt DX R wh 3 A T rh BRI X R AR, &8 53 53 A T P AR M DX 5 iR 7R
JEE v 6 b DX DU 3 AR R A TS ARRVE LS S 005 r R b X

>z

s L

;Ei“"“ﬁ'ﬂ_ﬁ)ﬁ \
s b 5 0—02)

I 53R

[ #5538 T 84K (02—0.4)
L] FP%‘?%H: I 145 (0.4—0.6)
[ 43R4 B 5 (0.6-0.8)
I R Il = (08—1.0)

0 10 km

E3 4ERUESLEEREZESH
Fig.3 Spatial distribution of habitat degradation and habitat quality

BT BRGS0t RS B A B B i, IR A AreGIS 19 55 18] R 23 28 2% R H W] 43 AR (0—
0.2) B (0.2—0.4) A% (0.4—0.6) B (0.6—0.8) Al (0.8—1)5 MK (K 3), d5RFW, HiHX A
B V- 4ME 2 0.340, SV AE T AR K-, A= 58 B s A Ak, 4 v A SR 9 T g i R 36.29% |
20.91% \4.54% 36.67% 1 1.59% , M= [0k& Jmk G , A 30 i SR 2 < P i AR o0 A . AR B I i A v M o
X F 5 A TAEPG A TE LA TG , PO RS AR B 2RI B | S PR BRI AR R AR A, LA SR AU Y 1 S 5 20 455 o o
B FMIRARL DX 43 A T s A T W3R X, RGBT T R A X 48 1 I A v RN A B 8L, I8 AT 3 40 43 A T P A 3
TE LU 00T AT AT 28 S b X5 A 35 o v A5 b DX U] SR A A 4 AR P 5 R L X
3.2 AEBREHAS AR

PRI A B B A T8 Ak, 223 A2 UiE AR 2 305 N AR BRI A, S R AR 1.37 e, P
P 8B T4 R rf R {52 0.293, Z {Hh-23.629 , R Wik 46 i 7 25 0] | 2 R 504 il Tk — 20 hr, #%
BIE A RN (B 4) B 220040 175 VU RRET 20 bl PR I0K 2 28 Bl | = 00 AR AR UM A58 55 5 Hhe o
DL R UE L) RS AN 557K 3R I H 53 60 THURA 2 FER T 5K B i SR ek AR B R , DA bR, | 8
AR HE B KRR 3

T SolVES HEARY AR 2 IX A BE B M B 5 80 2s Rl A (I 4) . SAEBE B AR L, A 55 B
2R A Rz, SR DRI B A6 o 32 (e s b X B < SR oA, BIAIIE T P93 rh s A AR
ACFRAGHP R A BTIROK R . T HHIE SolVES BEAAT RPE R ROC 12 R AL (AUC) {4 0.909, KT 0.70,
FIRIRIZE S BAT B S T S

http ; //www.ecologica.cn



1508 JAE = 44 %

0

E4 E£EENSNZZEESNMERBZESH
Fig.4 Spatial distribution of kernel density and value index of habitat perceptions
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Fig.6 Interaction detection results of the coupling and coordination of habitat quality-habitat perceptions
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Fig.7 Habitat services zoning from the perspective of social-ecological coupling
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