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Abstract: Urban green space is an essentially ecological spatial vehicle for the long-term strategic development of the

Chinese cities. It is expected that future urban ecologically spatial design will heavily rely on the ecosystem service value
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(ESV) of green space in core urban zones. Trade-offs or synergistic relationships among ecosystems can be characterized by
different land use patterns and intensity of use. In this study, the PLUS model was applied to the green space in the center
of Zhanjiang City to simulate the land use changes by 2035 under the two scenarios of the natural development and
territorially spatial planning. The equivalent factor method and hotspot analysis were used to analyze the spatial aggregation
of ESVs as well as their high and low values. The spatial distribution of human activity intensity in the study area was
overlaid to establish the priority zoning of urban green space development in the central urban area of Zhanjiang City under
territorial spatial planning policy, to prioritize the resolution of conflicts between construction land and green space
development, to provide a quantitative data base for the planning policy, and to provide data support and suggestions for its
feasibility implementation, timing arrangement and expected results. The analysis results showed that (1) compared with
future land use simulation results of the natural development scenario, there could be an increase of arable land and forest
land, the overall water area could be effectively protected, and the spread of construction land could be suppressed. (2)
The value of ecosystem services in the 2035 planning policy scenario >2020 actual scenario>2035 natural development
scenario is approximately $ 1.222 billion, $ 1.189 billion, and $ 1.053 billion, respectively. The total ecosystem service
value under the planning policy scenario could be about $ 169 million higher than under the natural development scenario.
As a result, there could be significant improvement in ecological and environmental benefits. Meanwhile, the regulation
service, support service, supply service and cultural service could improve by about 138, 13, 12, 6 million yuan,
respectively. However, cultural service could reduce by about 31 million yuan compared with the status quo in 2020. Thus
the creation of landscape aesthetics must not be neglected in the future planning and construction initiatives. (3) By
analyzing the spatial distribution of ecosystem services and the intensity of human activities, and then zoning the priority of
green space development, it is recommended that the central area of Chikan District, the construction land along the sea

and water areas, and other areas should be zoned.

Key Words: land use change; ecosystem service value; territorial spatial planning; Patch-Generating Land Use Simulation

(PLUS) model; hot spot analysis; human activity intensity
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Fig.1 Study of the overall regional territorial space pattern
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Table 1 Original ecosystem service value equivalent per unit area in the study area

B RG M F R b, it it K35k AH B
Types of ecosystem services Arable land Forest land Grass land Water land Unused land Built-up land
P25 IR 55 aA 1.11 0.26 0.23 0.66 0.01 0.00
Provisioning services JE} Az 0.25 0.59 0.34 0.37 0.03 0.00
KGR HELS -1.31 0.31 0.19 5.44 0.02 0.00
VA RS SR 0.89 1.95 1.21 1.34 0.11 0.00
Regulating services AV 0.47 5.84 3.19 2.95 0.10 0.00
LIRS 0.14 1.71 1.05 4.58 0.31 0.00
TR SIS 1.50 3.79 2.34 63.24 0.21 0.00
b S IO 0.52 2.38 1.47 1.62 0.13 0.00
Supporting services EIRS AN TEN 0.16 0.18 0.11 0.13 0.01 0.00
LY EZ e 0.17 2.16 1.34 5.21 0.12 0.00
AT S5 K2 FOU 0.08 0.95 0.59 3.31 0.05 0.00

Cultural services
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Table 2 Development scenario and explanation of driving factors of land use change in the central urban area of Zhanjiang
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Scene mode Principles and restricted development areas

B AR K e 5t AT JEATAT AL R X b R AR A i 2SR 2, BT 2010—2020 AF BT HT O3 X 4= b A1)
Natural development scenario BT T ARG SR

S (LT [ 2 (AL EMACHLI] (2020—2035 4F) ) B Rl AR S RN EL LR, AR S RIMEL RN A 28
PRI O AR X B 1 AR Sy A4 B8 1L T R M B0 3y Rl 5 7 A AR AR T 7 4 1 A b e
T el Mol 5 74 A B B TRTAR AR s 26T LEAS RS AR 2238 1) 5 )

HLS B SR 17 57

Planning policy scenario

2.3 AEWEhEEIA

A& R (HAILS, Human Activity Intensity of Land Surface ) M+ #iF] F 5 A 2K15 8h 56 2 M BE & 0L %
BT Sl o0) i 3t 2 2 S AN P R B0 VT O 30 XN 26 0 sl B BRI AR B T AR R A
I B TR | DXl Py A FH b > AR o DX Bl TR R 4 LU R A X A 2 SR

ScLE

HAILS = < x 100% (4)

Serp = Z(SL x CI.) (5)
X HATLS ARG Z NG S 5 Sy ﬁi_lxﬁﬁi{ﬁélggﬁ S O XU M TR AR SL, S @ - b R P T
B €1 oA i b ) L 78 e 2S00 1 s 1 T M 2 4T 5 R 50 e o X3 PN - ) SO
2.4 AT
T (Getis-Ord Gi* ) FIFPUNEAT 2 M4 e 1 (RS0 AIMIRAE (¥ 050) s TR R 2SS 4R A0 #r mT L
DU S LT P X A S R GEMR S5 M (2 AR R AR RRMIREAEIR | DA R X RS X 3

http ; //www.ecologica.cn



15 1) PASERT A T R PR AS DL SIS R S0 BT B4 S0l T 5 €025 i) 4 e 2217 S ABEAUL B BT P T 5 6313

e () O\ 125 /(N /km?) GDP/(Jj 76/km?)
75 359.44 B 37.5877 5881209 B 111491
[ L i B e 133,600 e 776
AERIR/C AEHRE T E/mm 3 8k K B %5 /mm B T/ B B/ mm B T B B /km
237833 B 14454 -5 18.9092 21,6873 220433
. 007167 B 13156 e

e

*

zpiﬁ

- @
B — 2% e B 5 /km B R B B /km B =% e B 5 /km 3| 75 b B B9 /km F|POTE: A Hh fF B /km
- 9.1281 B 7.0852 - & 7.7964 -5 2.1610 -5 1.5027
.o e o o L) L)
0 20 km
L 1

3 A ATUEHEER

Fig.3  Driving factors of land use change
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Fig.5 Simulation of land use change in the central urban area of Zhanjiang in 2035 under different scenarios
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Table 3  Transfer matrix of land use types in the central urban area of Zhanjiang from 2020 to 2035 under the natural development scenario

Gy AT 2093
Year  Land use types Tt L U piS:i) 7Kk A A H b =it
Grass land Arable land Built-up land Forest land Water land Unused land Total
2020  Fiih 0.59 0.00 0.11 0.00 0.00 0.00 0.71
G300 0.00 424.93 8.36 3.47 0.00 0.00 436.76
U 0.00 0.00 109.90 0.21 0.11 0.00 110.22
M 0.00 0.00 0.38 40.06 0.13 0.00 40.57
IR 0.00 0.00 2.78 7.72 31.76 0.01 42.27
A H 0.00 0.00 0.48 0.00 0.24 5.25 5.96
Mt 0.59 424.93 122.00 51.46 32.25 5.26 636.49

F£4 AYEEBEST 2020—2035 £HT O3 X 1 3 F) B 2B T8 46 4/ km?

Table 4 Transfer matrix of land use types in the central urban area of Zhanjiang from 2020 to 2035 under the planning policy scenario

G AR 2093
Year  Land use types it b U piS:ii) pi &2 A F 4 =it
Grass land Arable land Built-up land Forest land Water land Unused land Total
2020 i 0.59 0.07 0.04 0.00 0.00 0.00 0.71
A 0.00 420.76 14.34 1.65 0.00 0.00 436.76
R HI 0.00 7.73 86.93 15.49 0.00 0.07 110.22
M 0.00 7.96 0.03 32.57 0.00 0.00 40.57
KR 0.00 0.02 0.00 0.08 42.18 0.00 42.27
A F 0.00 0.14 4.81 0.00 0.00 1.01 5.96
Mt 0.59 436.68 106.16 49.79 42.18 1.09 636.49

3.2 VT HD IR X AR S R GRS I E AR A
3.2.1 2GSRI ORI A 2 R GRS I (E AR AR S0

Hi e 5 AT AT TR A0k X A AR 25 B G0 IR 45 1 32 Bk A /K 38R, BTk 3k 55% LA L, JER & B b Bk
Hi, 230 5 B 30% 254 T 15% A2 A, b FUR R R - otk oR 8/ A AR R AT 56 R BRARHLAM  ESV R 22 K
MR R R R, M 11.88 AZTCREIRZE 10.53 4270, BB R GRS M (I B F R, BRARR AN 11.41% , EE A
ST A 25 2R G0 AR 55 1 L D R SR A g ) K B -5 A K D L R A A T A 2 R G IR 5 A (L o g 7 35
B4 5K s BRI B 5 T 2035 AREEV LT PO X AR S R GRS (i 2 T3, M 11.88 {27 T+ 12.22 12
TG, AT HAR KRG 5t KRB A S R GRS B T 1.75 42470, BT 1.69 1470, X £#H 5
CHEVT T [ 428 SRR (2020—2035 4F) ) H AR BUR B 1 428 I T AR, 30008 2R S IR P 204k K Sl A
PEEL R G, R TR X A% 4, Bl T AR AU D Mot A 25 R G MR S5 M (ERFAR T 0.06 12
T, B0 XM T LA — 25 203 45 b 1) Bk b 46

£S5 B0 FEERTELIMESRERSZNE T

Table 5 Simulate the service value of various land ecosystems under the multi scenario in 2035

AR Bt ity B 7Kk ARF I jaisi it it
Land use type Arable land Forest land Grass land Water land Unused land  Built-up land Total
2020 4EHR ESV 32511.96 15388.88 160.41 70758.90 5.97 0.00 118826.12
Current situation in 2020 il % 27.36% 12.95% 0.13% 59.55% 0.01% 0.00% 100.00%
ARBIERTRT 2035 4F ESV 31631.30 19522.29 135.04 53971.87 3.06 0.00 105263.56
Natural development scenario Lufsil/ % 30.05% 18.55% 0.13% 51.27% 0.00% 0.00% 100.00%
HUNBRRE BT 2035 47 ESV 32506.13 18888.64 135.04 70597.72 22.52 0.00 122150.04
Planning policy scenario et/ % 26.61% 15.46% 0.11% 57.80% 0.02% 0.00% 100.00%
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Fig.6 Change in the value of ecosystem services in 2035 and 2020 under different scenarios

3.2.2  ZAE ST PO IR IX A 2 R GRS U B B AT

A Tkmx 1km ¥ H50, R ArcGIS #3808 T B4 H 2020 EFIZ 6 5 F 2035 4FERFFE X
A 25 R GER S5 I BV TS DX 0 A T SR 1 SR T s v 0T 9 IX A 28 R G I 55 M (B 2 ) SR AR 7 AR 1)
ERN5T R 5 ANGEGL Ve s X RIS RIX G P X RS X RS IX L, (1 7)
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Fig.7 Distribution of ESV cold and hot spots in the central urban area of Zhanjiang in 2035 under different scenarios

BT X ESV (HI% sl X A 85 HAE R R, JR sl XS A B 0 B, A1 30 B IR R B R i =2
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ST 2035 AEAIFSEIX R ORI SRR, Rl A SR DRt A 2 R SR S5 I (AT DA SE S , U1 1 T i s
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Fig.8 Distribution of cold hotspots of human activity intensity in
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Fig.9 Results of urban green space development priority zoning
2035 under planning policy scenarios

£ 6 B|MIBET ESV K HAILS = @5 % EFEDHT
Table 6 Spatial distribution matrix analysis of ESV and HAILS for each grid cell

I3 X ESV % 5 X ESV IR AKX ESVIREHEX  ESV KX ESV YR X
Zone ESV cold spot  ESV sub-cold spot ESV sub-transition ESV sub-hotspot ESV hot zone
HAILS % 55X ESV Cold Spot Zone 0 1 2 3 4
HAILS ¥4 &5 X ESV sub-cold spot 1 2 3 4 5
HAILS i3 #% X ESV sub-transition 2 3 4 5 6
HAILS WS X ESV sub-hotspot 3 4 5 6 7
HAILS #45 X ESV Hot Zone 4 5 6 7 8

ESV . A B RS R S M {H Ecosystem Services Value; HAILS : AZ&iE 258 & Human Activity Intensity of Land Surface
Fe P ISR X IR AR TR IR IX Pl | b X AR 25 R G IR S5 (42 THIE 1 Rk, IR A T3l iy e T L, A
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