55 44 55 24 1) S & 7 i Vol.44,No.24
2024 4 12 A ACTA ECOLOGICA SINICA Dec.,2024

DOI: 10.20103/j.stxb.202404230908

FRESRE &R, BEMNAT , A MRAT R, A< SCHE. T 1) A= 25 DB I) 197 D3 T A A 2515 A I 45 4% Jm ) s —— D B IR T [X Oy f91). AE 252441k, 2024,
44(24) :11049-11064.

Yang HY, Xiu C,Li LL,Ye Y H, Chen Y L, Zhu W H.Construction of ecological and urban network pattern or a bay area urban agglomeration oriented
towards ecological synergy: a case of Guangdong-Hong Kong-Macao Greater Bay Area.Acta Ecologica Sinica,2024,44(24) :11049-11064.

HEESHENEXETHESSHENSZEENE
—— L ORI X

= 1 2 1, — a2 1 A o - 1
mER' & BU WA, AL HRaR, R4
1 gl TR 2% B el ZZ AR e, )N 510225

2 fpfEfl TR B IR S 22 0e, )M 510225

TR . D00 A 25 0 25 S - SR L 90 45 A S S S B T A X ] R 8 % B B T B 9 DX v A PR L A b B B R 2
16 F1R X 3 % R 20 BTG (H LA 35 S % R B R 1R H 250 S, AR SOV DR AT R A ] il it 2 5 is B S 2
BT SR AT S S SR 8 B3 Fe /IS SRR 1 AR TR0 465 T 0 o A A IR R 2 B Ak 2 VR M T 31 A 5 B TR A 3 G, A RV X R
T DX A 25 S I EOBU R 285 % By, R XU 4648 SR 25 [R1DC R 5 TG 0, B J 4 1 V8 DX Ol vl P 8 DX Sl A A I IR A e i, 45 2R 3R
B (1) $RBUA A5 WD 30 4, BN 21205.0 km?® G5kt 206 422 A4S, SAIAR 7629.35 km® |, A AR AT | 22 38 AR 1 A i AR Sk
8506.98 km’ 1 4562.11 km* , F:[RIA4 B T SDAIE A= 25 5 B AR & TR N AIE IR 45 5 (2) A 38 5045 1011 A AESTHLE 7527 4,
o HEA TAT X PEAG S AR AT S8 A A A P 5 (3) PR BB AT X A TR R RD | 37 S5 B IR e o By ) 4 = R AR S b RD 26
B IEHE TR T RS XA S U R R

SRR LB AN R 2% Ry 5 B 45 A Dy 5 25 () 32 040 5 5 X B ] 3

Construction of ecological and urban network pattern or a bay area urban
agglomeration oriented towards ecological synergy: a case of Guangdong-Hong

Kong-Macao Greater Bay Area
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1 College of Horticulture and Landscape Architecture, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China
2 College of Resources and Environment, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China

Abstract; Coordinating ecological network patterns with the urban network patterns is crucial for sustainable development in
urban agglomerations. The bay area urban agglomerations, with their unique geographical advantages and economic vitality,
have become the core unit of regional development, but the synergy between ecological and urban development is
increasingly critical. Taking the Guangdong-Hong Kong-Macao Greater Bay Area as an example, by comprehensively
applying methods such as morphological spatial pattern analysis, landscape pattern indices, and the least cumulative
resistance model to determine ecological sources and economic and social sources, identify ecological corridors and traffic
corridors, construct the ecological and urban dual network pattern of the bay area urban agglomeration region, explore the
spatial relationship and interference of the dual network pattern, and finally propose suggestions for cross-regional ecological
synergy in the bay area urban agglomeration. The results showed that (1) The study area contains 30 ecological sources
spanning 21205.0 km” and 422 socioeconomic sources spanning 7629.35 km”.. The total area of ecological and transportation

corridors are 8506.98 km’and 4562.11 km’respectively, together forming an outer ring-shaped ecological barrier and an
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internal cyclical network for urban development around the study area. (2) The study area features 1011 key ecological
points and 7527 ecological disturbance points, offering opportunities for targeted restoration and protection to enhance
ecological connectivity significantly. (3) Three types of ecological synergy in the study area were identified based on
source, watershed and coastal wetland. A framework for constructing a cross-regional ecological synergy model for urban

agglomerations was proposed.

Key Words: ecological network pattern; urban network pattern; SPCA; cross-regional collaborative governance
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Fig.1 The location of the study area and the distribution characteristics of land use types
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Table 1 Data Sources and Related Notes

EVEITEY s Hli 7= i Heil [i:5:N PR
Data name Data product Source Format Resolution
YRR X H AT X R
County-level administrative JIARVE® R B R S EEYE BRI H RS R85 h 1:100
divisions of the Guangdong-Hong Kong-  #i4E (2020 4F) (https ://www.webmap.cn/) P ’
Macao Greater Bay Area
st RS Ecs 2000,2010,2020 4F 11 % Globeland30( http://www. " 20
Land use raster data piei globallandcover.com/ ) ! "
ik 2020 4F 4 [ 8 #% 22 Open Street Map( https://www. W o
Transport network piei openstreetmap.org/ ) P
¢ il R A L R
A E 1—5 i A 1—5 G4 04 (hitps ://www.webmap.cn/ " 1:100
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Table 2 Ecological implications of morphological spatial pattern analysis for landscape types
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Table 3 Landscape pattern index and description
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Classification Landscape index Description
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R B
Aggregation and dispersion metrics
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Diversity metrics (SHDI)
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Table 4 Ecological resistance evaluation factors

PR F B3y FH /1 & Resistance value

Evaluation factor Unit 1 2 3 4 5

+ 3R FZEA Land use type — Bt bt i HEAH 1 KA Nt
e Slope () <5 5—10 10—15 15—25 =25

i Elevation m < 50 50—100 100—200 200 —500 = 500
7K JEHE S Distance from water km <0.5 0.5—1 1—1.5 1.5—2 =2
2k M4 85 Distance from railway km > 10 5—10 2—5 1—2 <1

[ 75 U HE B9 Distance from express way km > 10 5—10 2—5 1—2 <1

HE [ 1 5 B9 Distance from national highway km >5 2—5 1—2 0.5—1 <0.5
45 38 5 %5 Distance from provincial highway km >5 2—5 1—2 0.5—1 <0.5

£5 EHRINFEERERERKE

Table 5 Eigenvalue of principal component and its contribution rate

FF5 Iy TTHREE/ % R A % K Iy TIHRE/ % RTTHREE %
. FEAE(E L . . EEOR(E 0 .
Serial . Contribution Cumulative Serial . Contribution Cumulative
Eigenvalues o Eigenvalues o
number rate contribution rate number rate contribution rate
1 2.86229 43.6901 43.6901 5 0.53491 8.1648 84.7398
2 0.91275 13.9322 57.6223 6 0.41715 6.3675 91.1072
3 0.62972 9.6121 67.2344 7 0.35249 5.3804 96.4876
4 0.61194 9.3406 76.5750 8 0.23011 3.5124 100.00
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Table 6 Principal component load matrix
. _ F 4> Main ingredient
R bR R
Evaluation index 1 2 3 4 5 6 7 8 .
Weight

LA 2R Land use type 0.45463  0.08714  0.80108  0.19058 -0.14776  0.19224 -0.21704 -0.04199 0.44
Wi % Slope -0.40451  0.19396  0.1012 0.5492 0.39771  0.1734 0.07392  -0.54146 0.09
i Elevation -0.41317  0.08776  0.19512  0.30951 0.14963  0.05711  -0.04672  0.81233 0.04
BE/KURFE 2 Distance from water  —0.3551 0.7601 0.144 -0.4086 -0.31661 0.00403  -0.03028 -0.08534 0.14
BEAR I HE 2 Distance from railway — 0.30845  0.3969  -0.11551  0.26205 0.21554 -0.75550 -0.21501  0.04296 0.06

f=3ud
EE.'_JI_EE% 0.32058  0.34342 -0.51934  0.26942 -0.11044 0.55227 -0.32793  0.1107 0.10
Distance from express way

o
EE]EEE%‘ . . 0.29427  0.2398 0.06682  -0.40008 0.73387  0.23136 0.28907  0.12533 0.08
Distance from national highway

sk
B4 L 0.2199 0.19068 -0.04114  0.31303  -0.31645 -0.01965 0.84083  0.08989 0.05

Distance from provincial highway

I 2R

o

mdh  mm

B2 2020 FEEFEIEEERH

Fig.2 Spatial distribution of single-factor resistance surfaces in 2020

A A5 R TE AL G A= 4 3 O R T R YR 3 R YT O R T N 4 [ 1—5 T A 1) o0 A B 4R b 4R R,
ArcGIS 10.8 FFHRIFUK R Pt 2, Xl 3 — 0K FRIEGIE , HR 5 536 WIS XK 5 A 245 JER 3 18 J 4] (2020—
2025 A ) Y4 A0 TR A BE R SR A S K R SEBRE L, B8 BE 43l i A 1000 m 500 m,, MCR #%0FH F4
TR A AR 2 ] oz S R T TR sh Wi Bk . T DIARSE HAR A W g, =X F

http ; //www.ecologica.cn



24 141 BHCERPE 25 . T 1] A 285 P ) ) 5 DI TTT A A 255 S 0 245498 Jra A 2 ——— L T R DX Ay ) 11055

i=m

MCR =/, 2, (D,;R) (2)

o, MCR 28 AR/ @ d T A ﬁfné‘]ﬁ%d\%*ﬁlﬂjﬁ]ﬁ of F8 MCR 5 D, R, Z MY IEFA G E R, D, R
U j 25 SR i 23 AIFE S 5 R, S VLT @ %R fE 7 A OB

R BEAE R F VT A A A R b 22 8] %) AF B A FH SR B2, R LA 34 A 25 JER G 1) A R R A B 1 E
P, A E AR R REER G| 78R B =800 Y — 2% B ELEGE | LK 5] JI5RIEAE 0—800 =2 Al 4 — iR
T, A SRIBESIE S A L 600 m 100 m' P
2.2 WRAE LA SR A A

IRATL IO 25 6 JRy B B P 2 B AL A VR L A8 R R A S TS A, s RS X T AT A R X R
WEEhAE R N TSR X 8] 100 DX A 28 B i S Sh VR D, M T el T ikt s 2 i i b . 0, 2 T
PR X 30l T S G X R AT LA X X A B 20 5 0% 50 ) b L A 14 DG I 5 30 BB - e ) T 28 20 e
B NTE 2, U T AR T Tkem® B BE AR Ry 28 55 4k 2 U5 M, 80 PR A — 7T | X B0 AH N A9 28 35 4k 25 TR
HT HR, SE I IS X T B 2R 48 T R, S TR T T B TR S I ) A o DA G SRR Bk
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5 28 AR (A S T AR SRy A 25 T a5, S )R T B P 45 46 R
2.3 AT R EROR L 45 A% Jrg 2 ] 5 ZR T

AT A AR SO SRR R TS AR OGS R B BN A TR AR R PG
PP SRR AT BEEU: 25 R b AR A O R 5 9T R A L A 0 A JE A A A S R A B S ek
VE ] 25 e S i AreGIS 10.8 %+ Intersect 1 Kernel Density T ELFEATHRIHI AT WAL, 48R 28
e R, RS TSR T AN B S EUESTRE ARSI BE A B G R AR T A, el
5B T 5 A R T ) S T AR A A S T A ol R ) A T LA AT R BUR T R, IF G s U
ANERIE (7 25 A 2 5 AR G RN A AR T (A A R AR G R A 5 3 JRR T X A AR ) T A e AL
S VR 7 P A 25 R SRR A

3 HBRE5SM

3.1 ABFEMS LTSRS

R4 MSPA J3 M4 5 B, A0 X B P, Rl B A0 5 b 7 P 2 S5 A 22 28 7 Lt R, (45 H
SRR G853 508 92.20% 68.12% F11 80.98% ., FEIRESZEZR N, EATTAI IS BV E AR 7 LEANE 2% , F B M |
I AN b ELA B SE A TR A AR S BRI AT — 2 B 4 HT

HOR B0 X R H s S R (3R 7) , MOt RTBE ) LPT 388504 i, 26 Wb AR s AT 4 5 A SRS
PE M, FHBAY PD RN LST F8 50 =5 T #F s RUMR b, 26 W B B He o A i AL, BEHGL N R Iy B
ZE NSRS T AN, R KB R 328 22 S 0t — 25 AT B A% O A S B

KT 2020 FENRBIEHER ST

Table 7 Summary of the area of economic and social source areas in 2020

29 Type i Area/km? PD(/km?) ED(m/km?) LPL/% LSI

b Cropland 1081662.84 0.20 8.40 0.31 277.64
ML Forest 2711875.41 0.51 14.72 5.74 307.13
HiHh Grassland 306469.17 1.95 9.96 0.01 618.07

e ARPEBELR B A dPC TR S5 R, B4 AR X B4k, A8 3] 30 NS, Sl
21205.0 km*, HH s KA BEBRE AR 7742.93 km?®, S VH IR S8 1L B AR X, e /NI BESR T AR 29.54
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km? | 5 PRI ST A48 9 E AR IR P X (3R 8) o ZEZS IR M 3 A A SR 2R W, b A O by A 2 TR 20 A1 7
A AR IN TR A LLORIARSE 5 T VU AL TR A SE DR ) AR BN AL BRI T A8 A A IR A e 2

®8 2020 FEBHBRHRF

Table 8 Ranking of ecological patches in 2020
b BEHTIAR ANTF SRR AR R 0 A S T vy 114 SRER P BARAL
No. Patch area/km?>  Names of protected areas and high quality patches dpC
SR E G SRR X B L G B A Bl A T FE AR AR el B RO T4 2 9
PRAP DX B PR AT TR 2 H AR PR X
5 9372.78 HONFE R LA 9 A AR DR X e T TR T 9 1 SR04 X A 1T Bl SR AR AR ] 3 0 [ 14.5
’ AR BE  NAB BRI 4 9 E AR A X ‘
ARSI AR X GEAELL AR 20 A AR PR X UM AR B R IR T 2% 3 AR
KT ARRAL R AR A B M 4S9 H SRR X
4 1050.83 G E R AR X BN G SRR X SR IX A U 2R 22 el 6.42
JARBPLEYAE S AR X AR EEIE HH AR X AR BER IR %

1 7742.93 64.76

3 2128.53 13.43

> 9T i AT AL AW E SR A A 6.84

6 650.29 EHIPN ARSI = N Y AL N | 5.41

7 550.70 WL EBERENARE T RS S AR AL B HE LR b 14.20

8 544.83 T UEINE LLRBEF 2B | ¥ LRI 23 el | PG DT AR AR IR 2 el 7 R R A Ll XU 42 i IX 2.36

9 512.43 JUARTLT T SR LA 4 A AR PR DX b0 1L [ S AR pk 8 el 4.10
10 402.68 J7ARTFPALAE I S0 8 el 3.05
11 398.80 o L o B L X AR Bl 3.18
12 376.84 HER =AY AR RIX 2.87
13 363.32 RIS VS DT, Gl BRTO L T8 2R T AETH 2.76
14 299.75 TR L E R AR X 1.91
15 295.66 Skl R I QI T 1.84
16 293.03 S Fl BOGL HATI 2.27
17 276.78 JN T K D AR 1.77
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Fig.3 Spatial distribution maps of ecological source areas in 2020
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Table 9 Spatial distribution maps of ecological source areas in 2020
75 gl [l [z [l F5 Wi [R5 X5 [l
No. City Area/km? County Area/km? No. City Area/km> County Area/km?
1 il 1562.50 Hz X 277.70 5 BT 756.80 LR 254.30
MALIX 231.30 X 229.80
FHKX 222.40 HAERE 178.70
HERIX 191.60 HPH X 69.00
TEHPIX. 174.60 pARE=N 25.00
B X 152.10 6 REET 1144.98 REET 1144.98
IR IX 96.09 7 ol 599.80 ol 599.80
FTPIX 71.70 8 rANE ] 534.50 s 117.70
K[ X 62.90 il 117.00
BT X 54.80 VLI IX 101.40
IR X 27.34 FFli 67.00
2 I 935.22 FURKX 423.50 FETIX 47.60
X 314.50 =N 44.30
A 98.80 Brax 39.50
BIX 48.98 9 BEPRTiT 304.62 iR R 77.90
X 30.84 S IX 72.90
ERHEX 18.60 S X 53.02
3 R 293.10 ST 135.30 HIF R 40.40
X 98.90 X 20.20
BLIX 58.90 TR 16.00
4 il 1287.50 FI X 546.80 HER 15.30
X 403.60 EA ] 8.90
X 143.30 10 FHRIX 190.30 FHRIX 190.30
=KX 116.60 11 R IX 20.00 WX 20.00
NFAE X 77.20 B3t Total  7629.35
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Fig.4 Spatial distribution maps of economic and social source areas in 2020
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Table 10 Area and length of different grades of the three types of corridors in 2000

JRR I 25 7 1 TR KB JER I 2 Y R TR KA
Corridor type Grade Area/km®  Length/km || Corridor type Grade Area/km? Length/km
A A HRTE (TTL ) —% 2220.51 1208.25 || =2 AR id —5 3833.10 25240.55
Ecological corridor ( River) ft 1975.91 2015.75 || Transportation corridor ht 729.01 5439.26
&it 4196.42 3224.00 &it 4562.11 30679.81
AR IE (AT —4% 2810.98 2659.59 || =FUEE AT 13069.09 55362.66
Ecological corridor ht/ 1499.58 18799.26 || Total of three corridors
( Biological migration) it 4310.56 21458.85
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Fig.5 Spatial distribution maps of the three types of corridors in 2020

3.3 PZSAEASTT B B2 A A A REAE

PRI s B TR AR A S ) A b R T 25 ek o 2020 4 A S OCHE SRR 1011 A4S, Hrp =84
YT RIE 5 — | IR A0 AR A TR S B A A S T AR A £ B 4 o 331,389,174 N5 R
5 S o 0 A WA HR A EBR YT R W AR 1T PE VTR L NI (8 6) , AR TS 7527 4, b =gk
YT HE R TE 5 — S R IE T R A S TS 22 B 4883 A5 i AR S T4 s )72 A A AL Ak v
A, RISk A S Z B A IE S T IE I R (E 6) , AR T AR A S 7 %5, e 3%
RIS IX 52 ARG sh T Hede o, R A 252 () s i fa e
3.4 BB SWEMLH R R ES RS T

2020 4 AIFFE DX A 25 R 268 A% S 55 3L I 45 A J 28 B R AIE AR ] JHG v A 25 0 45 4% sy 22 S IR TR B 8590 A, Ik
BELIN 45 0 Jr S B I PO DX IR | A Do T 0 A S R R A s (TR 7)o TR T 1 A 25 I 45 4 J RRAE 22 S
B, o R BRI L0 ARSE Ll s R T A A 2 R T R o DX A U o R A e A, 38
18T 5% , M A A SRR TG SR DX T YT TR A 25 U5 5 e YN I 20% , #000 A= 25 5 M vp 75 5K X5 28 PG
SO I T A 2SR 5 HEA T, 2 A 44.26% Fil 25.55% , 3T AR 25 2 A A IS AR 257 i R 55 fE 45 e T At
R A SRS TR X, BeAh, M BB 2358 TRYI DU I8 TT A0 28 5 A 2 VRt T AL 7 DX 3 20 5 2 T
T AR HE A5 8, 3 K 20.50% ,16.90% (15.00% F11 12.30% , 3¢ B 35 T E 35 FH i 1 AR, A 245 5 M Rl A 254
Jai 3% B TR0 (4 52 i ] ek s (181 8)

http ; //www.ecologica.cn



&t
H

11060 *+ Eire 44 %

& @
S 15 48 RIB- 54 I3°0 i
E~ill 8 ﬁ
o 4 200 #
5 B 2R #a
ﬁ M ﬁ‘ 1 174 100

' 50
h et — 4% = B S
4"‘{-
Mo
4000
% 489 305 500 I g@
s 3000 iz
;?é) 2000 Hi§
R *a
Toss 1057 81 115 ——
—5 ST

AR (RN A 25 R )

El6 2020 EFWMMEST RHZEEEREMBERNE
Fig.6 Spatial distribution map and heatmap of two types of eco—points in 2020
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Fig.7 Ecological network pattern and urban development network pattern of the study area in 2020
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Fig.8 Spatial relationships and disturbance identification in the ecological and urban network pattern in 2020
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Fig.9 Ecological collaboration zone of the Guangdong—Hong Kong—Macao Greater Bay Area Urban Agglomeration in 2020
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Fig.10 Framework Diagram of Ecological Collaboration Model for the Bay Area Urban Agglomeration
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