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Spatial differentiation and differentiated management of ecological security in the
Bay Area based on ESDA and GA: A case study of the Zhejiang Greater Bay

Area
CUI Wanglai, CHEN Mengyuan, ZHONG Haiyue "

School of Economics and Management, Zhejiang Ocean university, Zhoushan 316022, China

Abstract: Bay Area is a prominent symbol of world—class coastal cities, and ecological security is the basic guarantee of
sustainable development of the Bay Area. This paper takes the Zhejiang Greater Bay Area as the research object, based on
the ecological security evaluation results using Exploratory Spatial Data Analysis (ESDA) and Geostatistical Analysis ( GA)
to reveal the spatial correlation and heterogeneity of ecological security. Combing with the spatial characteristics of ecological
security and the spatial distribution of land use management in the future and administrative units in Bay Area, the paper
offers the differentiation strategy of ecological protection for the Zhejiang Greater Bay Area’s economic and social
development and ecological security to provide scientific support. The results showed that; (1) the spatial pattern of
ecological security was “ north-low and south-high” , and the proportion of ecological security area was 71.7%. Overall

ecosystem was safe. (2) The Moran'l value of ecological security reached 0.878, and the proportion of hot spot area was
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50.65% , indicating the significantly positively spatial correlation. Structural variation dominated the spatial distribution of
ecological security. Ningbo and Shaoxing were influenced by structural variation and random variation. Population density
and industrial layout were the main random factors affecting the spatial heterogeneity of ecological security. (3) The urban
development types were divided into optimization development zones, comprehensive development zones and ecological
conservation development zones, among which the optimization development zones and comprehensive development zones
were the vital areas for the economic development, and ecological conservation development area was the key area to ensure
the ecological security of the Zhejiang Greater Bay Area. In the future, governments should adopt and implement the

differentiated measures for ecological protection.

Key Words; ESDA; GA; spatial differentiation; ecological security; the Zhejiang Greater Bay Area
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Fig.1 Spatial schematic diagram of the Zhejiang Greater Bay Area
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Table 1 Suitable ES assessment indicators in three layers for the Zhejiang Greater Bay Area
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Fig.2 The spatial distribution maps of ES indicators
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N RS 7ol % Jre L R s I i S 3l s e e Ak, S5 18 2 (B) ARG SR Al ARG, R %4
U IX R 23 () AR DG AR H-L AT L-H AR5 5 MR 0.47%

3.4 WS

T 2 RO T 22 5 B IR B (S R S B R A A A 2 ()R SEARAE 9 IR (A,) R R
H(C+y) IREMH(C,) AMRIEEAE(C) FBE, BIELL C/ (C+C,) At B 25 (0] 28 AR I B8 bR, X
B AL 2 5 R 0 28 (]S JBbE o b as B R B L, €/ (C+Cy) 7E[0,0.25 ] Z ], A A5 28 4 LA G # PR AR
SN R LR AR E; C/(C+Cy) 1E[0.25,0.75 ] Z[8], & B A= 352 42 25 (B AH G AR JE 3 v
Co/ (C+Cy)FE[0.75, 1] Z 0], WIS L UM AE 5 0 32, 25 AR DGR 55 ) . ARSCHIH GS+9.0 43Hr
KR Z 2 AERE(E6) .,

23 WRIIN GEMAF G ERIEARAL 43 2% A MR N AT A 18 SO AL B T B FA LD AR A s s, R
FHI FE AT G MM, HAB T e R 80 (R?) Y3 T 1, R BHWI T R X A A5 2 RS A0 B s, RS
S 5 G S ) o SRR AR

FNFNT I Co/ (C+Cy) N 0.4123.0.2652, 4+ F[0.25,0.75 ] 22 [8], 25 (8] A Sk by v S5 REE | 2% (] A8 5 A2 Bifi
BUPEAS SR ES AR S 2R VR, BR 2 45 H 1 P 2RI A AR B g i A, 3z B AL P 28 RIpE 2 2 5 B 5 il
T LAACAB BN Tk X, T AR A = AR M 25 A s, G A Tl R R4 = b, i f )
TR S Pl AR SRS T K AR R AR, 247 b TG RIS 08 | 1 BE ED Y 77 b s B i) v e i
IKAR | 3G Y i RS AR IR RO, AR R R A AT R A AR ZS R 2

BRI T AN, HA A T o/ (C+C, ) BI/NT 0.25, 2 B H At 4% T 5 AT 5 F1 10 2% () A G | 4546 PR 28
SATY PR AR A 2 S ) S ) R P AT, A AV AR S S A T 26 R AR R b T B4R F AR R R R
A B ) P S AR Sy PR RN b, A 2 R G IR S5 7K T, W PG G H X R AR 555 5, U T B s A A %
SAE T A AT 3T R AR RS RGOk A S IR R A, WA RN I T R A, 3K
TGS T U T FE A RS i AR A, Sl Ty 22 pR A R B/ LA BE AN 17, SE B3 AT LU A 352 [ 2 bt i AR
K 14.28m*  FRAREEAE AR B [ ik 2.97x 10%, BA < HAEFE kT Z B8, B SR R 4F, 5 0 r &
—,

K3 MIXABRETESRESFERESY

Table 3 Parameter of variance function of ES at the municipal level in the Zhejiang Greater Bay Area

Hb T i Yeg:H HEHE Pttt e AL

City Mode Nugget sill Nugget/Sill Determination coefficient
Ll TR 0.003140 0.018480 0.1699 0.991

W BRpAE AR 0.000116 0.001442 0.0804 0.665

F% BROpAE R 0.000170 0.002540 0.0669 0.346

T [ g il 0.002400 0.009050 0.2652 0.971

AN TRHE R 0.001364 0.003308 0.4123 0.825

B TREH T 0.000450 0.003750 0.1200 0.438

M FRER T 0.003270 0.013280 0.2462 0.937

FHli BRIpAE AR 0.000694 0.003608 0.1924 0.166

3.5 SRR SRR

HT TR XA 25 2 AR OUAF A M2 S S K S o il SO S AR S R G 27 R A A M T
PRI A 002 5037 JEOR TS DX A 25 A s AR R R b b R P BANA T I BT Y 25 [B) 3 AR 1 0 - AR SO AR
LA (AR DU 2 T AT RE IXHE— e TR AR 22 4 5 ARG o5 FURS B0, $2 IR o HU AR KA 25 0K I
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TR RIHIRN 53 Ty =25 (% 4) SR IRSE R R IX (0DZ) (Li B TFRIX (CDZ) FA S X (ECDA)

F4 HMIXEXHHEREKR
Table 4 Development types at the city level in the Zhejiang Greater Bay Area

% ki Y Grade
Development types city 1 2 3 4 5
AKX W 4.82% 36.99% 48.83% 9.16% 0.21%
Optimization development zones T 26.98% 24.55% 24.05% 23.86% 0.56%

FHli 4.42% 22.42% 43.21% 28.97% 0.98%
ZHIFRIX il 12.05% 17.66% 34.03% 35.27% 0.98%
Comprehensive development zones WM 1.58% 16.56% 38.37% 39.23% 4.26%

2% 6.33% 13.97% 24.23% 39.05% 16.43%
A BRI IX =R 0.03% 1.98% 11.30% 30.13% 56.56%
Ecological conservation development area N 1.76% 4.98% 13.57% 34.60% 45.10%

AR S AR AL S B A RO LU B 1.2 1 3 SRR Gl 504 77 0 Fhil, PRSE i X AT 42 3%
KSR A R RE TR N TV BE R AR L, YA SR S ) A eGSR AN BN T3 o I I 7 b 2 b e b )
PEAN S | RLORIF 25T o BEASE MY I, DR aE 7 Ml i e G R 5 10 e U T 4, DI o A e 2 = 7l JE HR T T R il
7] i 222 58 5 2o (0 OB A R 77 1), ¥ 92 AR AS PR DR A, i) 2 5 e DR A S BRI 7 A S 52, T L4 I
TRBCRMABRR

LR TIT R AR AR S e Al R LU R 4 S5 Ty
FLFEHUIN TEIHIFNZE 2% ) A2 S PR o i Bl & N 2R AR N

3 S > \ N
SR GVERIEIE I RIUR ) T 2020 5B op A A 5
I AW X 1 28.319% 1 22.64% , 2K B
DN CVE

G:15373.05
P:1036

BT R T2 TTaRE IR R TR AE 2SR
PGB A T 1, S A AR AR B A F AR BETRR
O AR T A= 25 R GER S5 AN DB, e = Kl —

G: Hu[X Az 7= B AE /(X 104 \)

PRAL A IR, HHE S0 IX Il vy o M ] R A S

b L g ke A T [ e kR K
SRS L R KB N 5 SRR, T B

ARG N RN, ARG R 4" F N L 56.56%
45.10% . I AP i R AR S ARG RE H AR
BB ST AROUE T AL PRI 26T, 42
LR SEHAM S RG A BE NI, 5=
PRI Sl AR S R G i S R
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Fig.7 Spatial pattern of development function zones

Zhejiang Greater Bay Area

in the
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JKICHK

H-H 82 35 K PEHR TR R (LPT) MR AR BER B (AT) fieidh, 70 85 JE 45 0 (SPLIT) D9 fIRAH, R IR &
DX HR 5% LA TR A R AR et X Bl i AR L BB O 35 W] 2, 4R wh o A A AR A R LI BE A X dsk . H-H 4R 2R
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R oy EE AWK AR AR 2SR UL, A S M DA A A OB R, L-H R H-L A SRR DR 45 %0 (NP ) #/0N (SPLIT
D, 2 U] DI PN S5 O IRE B F oA PR AR R oL Tl 1 22 AR A R o e AETH B2, L-L
SR BPARAR L (MST) A5y, DX BRI AR S 2% | S5 o, 5% LI 200 L 3l vl 8 0 P s 0 2 7 5 e 3t Ay
B RN R HESIRT A M HT AR 157 5K AL 1 AR T e, g e st R TSR DL g s I

®5 FBMBEXELENSUERREY

Table 5 Landscape pattern indices of LISA cluster map

#E5X Pattern BEYHE NP R BEPEAY LPI SEHPE AR MSI RAEFE Al 4y SPLIT
-1 High-High 1659 47.4814 1.135 68.534 3.6969
fI-A% Low-Low 1660 11.3097 1.2374 54.1916 31.0734
-7 Low-High 197 0.9901 1.0051 0.5533 192.4717
#5-fik High-Low 81 2.4096 1.0041 0.6915 79.1839
I3 Not significant 3495 25.4016 1.1855 59.1562 11.4705

4 SR

41 g

AERL T ERAT RGBT, 2 E R A SBT3, o ARGt & T R4 & R 1Y
BV KRR 2T K R RE SO A I T & SRR S R AT Y AR R T X ] Rk
KIEHI AR, o PP XA A5 % 4 () BUR RN [ R A2 RGP 038 V)75 22 R TR R 50w il
et Mesha it Smiia 5o Frs & R B EEE B, AR SO XA 8% v a2 7 4
SERRIEREAT RO 5T, 5 A AR S L 25 H, 26T ESDA FI GA J5 L g M b 7 T AR 2 e 25 ]
Iy SERRAE GBS A Bl T A B R R R K A A2 Ay — IR AR T X A SRR G B B
UL BN WV RIS XA A2 4 X MR AR Y 71.7% | A= 25 28 4R B 1 HL2 LA B s 19 25 TR Ry, A 11 4
B R T R BRI RTS K AES R AR BN R sl RS A AT g R0 —8, TR
PR B R B, N TR GDP 4t AT IX Sk A7 2k e AR Ak, Jin 22 4 b 1) E5c0oRG 2 R, RIS X A S %
E TR RS,

ARSI T3 (] WA RUBEPPAG A 222 AR, 5 1 1T 90 A T R oG 48 L W VTR IX AR 28 R e DR 4 iy o) 5 At
W, BENTE X E 428 G PR R R R K . ARORTE HARBEIR A B rh | DL F SR B TR PEAN | DAAT B TR 58
it , FEATEL A (AR TP G0 % F AR AR S B A A T 23 MR B AG T5 s e [ b as IR | A A 2 kR
Jri b g 55 S B R R A ML)V DX A A e hn T A < B ik e e PRI AE DG P 2 DA B T
T SRR R O R B S I S T ]
42 Z5ig

ARSI T 25 18] WA RO PR WV TR TS X ) A 5% 4 il i ESDA A GA 7 ik 38 /s Wi VTR TS X A 25 (] 43 5%
FRAE , P 3k T A 25 FH O 5 e b T R ) G 3R | TN KT DX & e 7 5 % J iy Il g i ol AL e e o
TP TR TR0, RS X & i P AL e SR AR SR SR, A58 T

(1) LREF EHIE 5500 SO ERTE T AR RGN E , AR Ay T4 5 A D7, A g
BDUEETHEIEFRAR PPN S5 Wos i VLS X AR % 4 B AUAKRE & 7 o0 A A ey, W VLR TS K AR % 4
X3k 7 SRR A 70% DAL F BT RS XA S G 2K R HAE S RGAE TAEFRIRE  E B AL AKX
WAE TP TEN LS TN OGS A Tolk A PR R X, BT AW S 5B R IRA LR, % Xl A % kil
oI REM,

(2) 3828 M GE T 7 ARG TRV DX A A58 428 [H] A3 AT 1 < T 8 i B2 () 22 SRR AIE 25 ]
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WIS DRI R 50.65% , H-H 4R I rPAESR T A0 IX, L-L AR SR sh e AR AR R AT R EL R O 1L X, 2
T3 20 B s A MM DN R AT S WL X 25 8] 0 S B 2 B, 25 8] S S AR OB T2 23 AR IR A R Bt
WLAE FLAR R A5 . T 2432 BERILIE DR SR AN A A P R 3R X SUEE I, e WA D AR 3R 3l sl LR T
SFREPLIN R B 2 A 25 s (0] 7 5t
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FAE SR X P DS R Ji DRI LR 5 T 8 X S DX 5 25 i o e DX, A 25 DR DX P B VLR P X AR
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ALt 23 ) A4 PP i, 3 e PO ALK 25 5 £ 6 I R DXL AR TN I M A 2% ) I AR 3R 28 5 ke SR A A= 285
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