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Abstract: Rapid urbanization induces negative impact on ecosystem services ( ESs). Scientific identification of the spatial
distribution and management of ESs is of great significance to sustainable development of land and resource. Currently, the
lack of research on meso and micro scale limits further cognition of ESs. Additionally, homogeneous urbanization was
generally taken as the premise to analyze the evolution characteristics of ESs by former research, which cannot meet the
needs of fine land management. Based on land use, remote sensing, point of interest and other data, this paper analyzed the
spatial distribution and trade-off/synergy relationship of six ESs in Xiamen, using ArcGIS and InVEST platform. Moreover,
artificial neural network algorithm and land development assessing model were introduced to quantitatively identify the
spatial pattern of urbanization. Finally, spatial management strategies were proposed through decision matrix. The results
showed that (1) the distribution of ESs in Xiamen was significantly different on the land-sea direction. The four off-island

districts of Xiamen contributed to 91.78% of the comprehensive ecosystem service (CES) in the study region. The total
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amount and average level of CES in Tong’an District were both the highest. (2) There were mainly synergistic effects
between the ESs in Xiamen. From the perspective of overall relationship, habitat quality and runoff mitigation, habitat
quality and temperature mitigation both showed high synergy. From the perspective of local spatial relationship, the synergy
level of water conservation and flood regulation was the highest, while the trade-off effects between recreation service and
other ESs were very significant. (3) Through identification of urbanization characteristics, Xiang'an District showed highest
developing potential, and Tong’ an District showed high level of over-urbanization. After spatial subdivision and
classification, it was found that the service levels of habitat quality, water conservation and runoff mitigation were higher in
the non-development units, and the built-up units only got an advantage on recreation service level. (4) Integrating spatial
characteristics of urbanization and ESs distribution, the ecological control zoning map of Xiamen was put forward, based on
the spatial subdivision units. Furthermore, the specific management strategies of four types of units in eight scenarios were
proposed through the decision matrix. Sustainable development is to find a balance between ecological protection and
economic development, so as to maximize the comprehensive benefits. Through the identification of the complex spatial
relationship between ESs and the interaction between CES and urbanization process, this paper provides quantitative

decision support for the fine management and control of urban ecological space.

Key Words: rapid urbanization; ecosystem service; trade-offs and synergies; spatial management; Xiamen
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Table 1 Data source of this research

e AW )3 kIR

Code  Name Resolution Source
1 3R AR (2018) 30 m rh IR B BE IR B AL 2 B G (http:// www.resde.en)
2 DEM %4 30 m PR (] 503 75 (hitp ://www.gscloud.cn)
3 Landsat 8 OLL/TIRS (2017-8-15) 30 m
4 NPP-VIIRS DNB (2018) £ 500 m 6 15 [ RIS A (hitps ://www.ngde.noaa. gov )
5 NPP #4447 15 1000 m LIRENR VB R RS (http ://www.geodoi.ac.cn)
6 48 S A I 1.100 75 v E R BE S IR IR R ol (http ://www.resde.cn)
7 RIPS = 2 E — [E K IERHEL(E B HL (hitp://www.ngee.cn)
8 M5 (POT) Kt — I EFFHCE & (https ://1bs.amap. com)

2.2 BRGNS VG S 58T ik
221 P—ERRGRS A

BT T IR A B TS PRSI, DA 6 AN T R ITAE S R GRS VAL, P B R T H 25 %
HH AR S SR i 1 A YRR R Y T R I A AR K

(1) BB

InVEST A58 o i A= B3 i e d Bl ad [ AR B 2 2 A9 N T T3 BR B B A i R i K 7, 2 T
InVEST 3.8.65F- 6 , Kbt sy /K3 b SO A8 Hofh F e ORI AR 5 [ B Sk e el 152 e o A

http ; //www.ecologica.cn



4382 JAE = 41 %
ARIK A R GRS (ESs)
ESsZ2 {43 A ESsiUih Rk R WAL R HESsHI R
LItk b RAFEH R WY WHFFR
i kL P KM HER U REIE
v v v v v v
— oA ) ) AL R 4R
R ARE A NPT R p— = |
RS ¥ REWS wrxE | | BHEE
K % : ; [ RgrEsstmae |
TR I LR
HR TG |
BEA R
| BRGNS TRt |
RIF R |
ARG
| IRAESRAIRS TR BT |

B2 WRFEARIER
Fig.2 The framework of this study
ESs: 2B RG M S Ecosystem services

T TR A AR R 5 Sk A B B2 A A DX B BAT R AR Ay o AR R0 T et
RS AR
_ Dy
Q'tj_%{l_(l);*#” =

A, QI j A o A BE BT R AR H o2 § B A B B 5 D, A 2 7 P Ak « i AR AR AL EE sk
S R, BB R B AR Y —2F 52 WAALERIA S 4L

(2) 3Rt

A A R A T A i AR IR 45 A9 OK S, b T s iR USLE R 7 i 5 i A6 JRIBR ), 51 A IE 4 38
FH A HER 25 % RUSLE B8 B ARF .

A=R-K-L-S-C-P (2)

X, A R HHER S E (1 hm™ a™') ;R AHBEHR B F (M) mm hm™ h™ a™) ;K S+ A lPE R F (¢ h
MJ™" mm™") LS AR T € AR S A B T P O K ERRHE R T, EIREN RIS %
TRINA LR,

(3) KU IFR

KGR MR 55 R AE A R Bk B R 28R | R R AR ARG K S TRe . AL
25 R G K IR IR TR IR 55 BE 48 0 VR K IR SR D RE PN P4 TR A=A F
WR=NPP . - F; - F, - (1-F,) (3)
K, WR HAEBRGKIERFEIRS G 85 NPP HAEM AR R GG H 7= 1, F o B RGeS
FOMERD + At BB TR SRS 4 BIE 1.0.67 .0.33;F, A ZAE TR K& F R (E, P
O AR e AL H

(4) B BEEH

3T AR O TR NI BRG] AR KRR 2 o TR B ol As A IR R A RS R g i
R B K A AT S 25 R IR RS 3l S b e T (Land surface temperature, LST) 5 A2 25 2 45 (0 R B 4 4

http ; //www.ecologica.cn



11 4] BRAF DI A S R GRS % R b 5 s (R A P —— DU T i S 4383

RURE . T 1R BB I B T Bk B SRR IB SRR H TRz ], e B B R B 5 3
BRCRE TR SR D S . LST SO T AR 4 T Estoque 2 123) BT, 2T 8 Ay /b= ) Landsat 8
OLI/TIRS SZAG A P ST So iR T3, Horh b 3R LR S RT3 S IR T i 450 TRl

(5) B E

PRI T A BE R L A AR AR T A RSO AE R S R, B i 2 ° A 5 [ L H A, o
X R R T (MRS AT TSN, A BDIR A2 28 R GE X MK AR I T A & D Re . E ] SCs-
CN(Soil Conservation Service-Curve Number ) #7852 E 248 7R 36 [ A\ 07K 7475 T 1954 4F 36T 150 £
A /INFSR S B G Ge T I R A, RS A RIE 7~ AN ) - b ) 28 B AR T S i MR Al T 1T T VA 4
TR, PEI 50 a — B SEWI I ST 0T, BRI 222.91 mm, BATHAE PR 2 B Walega 5517 (1977
2, H CNAER— DI NSE 4G O TSR b R TR | S mT I B i 46 b, 5 I )
TSR 38 3k 4 B R X L EA T E Y AR R RS B

(6) PRI iF 8

A2 IR 7 56 e T AT IA MK SR PP HAR AR R i B Sl i T B AR DR AR T OT- 5 4
Bl o2 gmtth rh 2 i Ko 24 E 5 A FE ) 0k POT 8l . 384d ArcGIS 10.2 1) Kernel density T 241 X%5 &[] 7
N PE SR LY POT B ds A7 %85 BE T
222 ZEEERGRS AL

HATTELR GRS A hEMAGE B i), iz AR B R GRS 25 G 7K F- il i Delphi
BHE 6 KAEBRGEMFS I E (£ 2),

F2 EIW6 XETRERSWESIERER
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Table 4 Scores of land development degree classification
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Fig.3 Spatial patterns of six ESs of Xiamen
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Table 6 Correlation analysis results of six ESs of Xiamen
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