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km; (2) WA (R LIRS km ZZ0RIX) LULC 208 ABEE 0 3 | (E A8 FH s 0 kb 42 5 1) 8T8 1, 2001—2018 48, #F b
T AR /0 347.58 km? , 3004 FH 0L T AR 0 588.33 km® 5 (3) 2001—2018 4F | TR 7 - M4 Ak 5 7 o 0l e P e 4 528 W 35 A
5, I FLUE VI T - b 3nl L F X VR o D ) b B85 00 749 52 W) 6 IR (2001—2010 471 2010—2018 4 BTk R 4351 K 43.7%
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Impacts of urbanization on coastline and coastal zone in the Guangdong-Hong
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Abstract: The coastal zone has become the key area of urbanization with its rich natural resources and advantageously
geographical location. This paper identified and analyzed the coastline length change of Guangdong-Hong Kong-Macao
Greater Bay Area (GBA) under rapid urbanization based on high-resolution images of Google Earth platform in 2001, 2010
and 2018. We analyzed land use/land cover (LULC) change in the GBA coastal zone, and analyzed the correlation between
the urbanization of coastal cities and LULC change of coastal zone. The results showed that (1) the coastline length of the
GBA increased by 32.24 km from 2001 to 2018, indicating that the human activities had marked impacts on the coastline;
the artificial coastline increased by 219.91 km, mainly at the cost of the decrease (187.67 km) of natural coastline. (2)
and the urban land in the coastal zone (5 km buffer zone on the landward side of coastline) increased by 588.33 km® and
mainly encroached agriculture (347.58 km®); (3) there were significant correlations between the urbanization level of
coastal cities and the growth of urban land in coastal zones from 2001—2018, and the relation became stronger during 2010

to 2018 (R*=0.6851) than that during 2001 to 2010 (R*> = 0.437), suggesting that the effects of urbanization was
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deepened. Our findings have important practical implications for coastal zone protection, restoration and land use planning

and management in GBA.
Key Words; Bay area; urbanization; coastline; coastal zone; LULC
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Fig.1 Geographical location of the study area

2 HBERBESHRAE

2.1 HdikiR

AW AT AR A4S 2 (1) 2001,2010,2018 4F 43R + 1 B #% (Land Cover, LC) H48 4 T T WA 25 Jo)
( European Space Agency,ESA) , HH1 2018 TR R S A b AR S (C3S) EA Y LC £udE 5 2001 F12010
AR T UARASARARIL (CCL) Sl LC Bl RS — 20, BLAHRAE o WGS84 MiBILARFR R, 73 BER N 300m , #%
LULC #8422 25, FEXEANE LULC 45 H3 X6 10 2 5 AR 40 6 B s o 7E 42 3K [l P 4 0 57 1) GlobCover2009
B S R 2 PEAG T CCILLC 7t 2010 AF Y EMER R 71.5% , FLrbed Tt F BRI 30 64 FH P i f 32 3k
889" | RSP AR AF SR AN AR 5 0 B AR 3 R A T AT T A AR AR W A 22 T T4
SRR RO T BRI HL R chtp ://www.esa.int/ 5 (2) R X AT B G % B LR B AR T X R 8
P& (Database of Global Administrative Areas, GADM) , T #& ™ $1l: °47 ; https : //gadm. org/ download _country _v3.
html; (3) 2001 .2010 2018 4E /20 B TR 40011 Google Earth #4:3545 5 (4) N H K& 580 N E K 481t
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F1 KXEXBEEBFRE
Table 1 Guangdong-Hong Kong-Macao Greater Bay Area (GBA) coastline interpretation signs

— YRR IR TR R bR &

Primary coastline type Secondary coastline type Interpretation signs

A #k /5 4. Natural coastline Bh R B A, B 58 TR I AR ARG P Rk LSl AT
WRUR TR RS TEAAR, G —
S5 S L 1m0 — FBRE B 2 A PRSI AR B 7
AWk FT LRI MR JU A Bl ¥ 43 L, TR € RN, 981 2 —

AN TR Artificial coastline NI AR TR O 3k FRAEIX 3 114

DT R DX o K R A A 3 1 T 92, SR P 4 2 2 T B N T K B A A 1 2 A i Y (A
K1)

LCI, = - (1)
I
[, LCL, A5 i AR 250 j AR IR AT R K BE AR BE 5 L, NS AR R R BE s L N5 j AR R KL
2.2.2 fFA LULC 224k
ZEATFGEIX LULC 41 AAE RS 8 LC A 30 22 Fh— 2 M 2R U d Ap 2R 4l Ay 8 R | RS fl 45
Bt bR BT M VS AT BEAR KR TP (% 2)

LULC 2L R MR IE A0 (A 2) .

St S Sin
Sa1 S Son

Sy = . . . (2)
Snl an S,m

Ao, S ARSI, o BB G LA HIZEEE 0 j (i, =1,2,, n) MR 5%
JE B LA HIZERL ; S, FRFERERTAY | MRS Jn 1Y j 2R AT

#£2 XBEXLULC H%EEZRE
Table 2 GBA land use/land cover (LULC) classification system

3RS 43241 Before the classification

Secondary class 415 Code number —Zi b2 Primary class

B Agriculture 10, 11, 12, 20, 30, 40 AR M FEMARH JRAA M JRE B RRHE
M Forest 50, 60, 61, 62, 70, 71, 72, 80, 81, 82, 90, 100, 160, 170  F¥A KA FEmt JE0 St w4

Ul Grass 110,130 RAFAE & Hih

{4 Wetland 180 TR BB 36 K TR R

WA Urban 190 )

A Shrubs 120, 121, 122 N

KR Water 210 IS

HE Others 140, 150, 151, 152, 153 HuAC B HE B B B

2.2.3 WAL R LULC 5200

R T IR FRAE RIS X 9 AN T B3 T AR RRAE , ARSI BE A 1 | M 5 8 BRI R AR 3 S FE bRk 43l
FRAE IR AN [R5 THT, AR SR FH R4 M0 s 5 A Ay — A Bsf (o] B RISV I T A N 11 | - S5 8 B AR B
BARXK (A 3—5) .

N
AuimEs.:};\DEg;xl()O% (3)
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o GDP St

SRIG R Pearson FHIC R EL, 735 0 AT BT X RIE X 9 AT N A | 13 5 2 SR AR AL IR 2 5 1
SRAE AL B AR S OC R |, R PR A 1T U120 A7 9 7 12 S i T Ve 8 S B P T ¥ 2 ) R R

3 RS9

3.1 SRR R X R LK B A S

2001—2018 4F | BRI RV [X g 2 2k MK BE B AN 32.24 km, AN TIN5, H A TR e
o (E2,%3) , Hip, AR T 219.91 km, [H 2R 30870 187.67 km, ¥ 52 2k 028 A58 6
Jil,2001—2010 4FE7F 7 28 MK BE R N T 13.42 km, BEHN0E BN 1.34 km/a, Horp A T RELRI6 /0T 99.24
km , FEIIE B K 9.92 km/a, FI ARG FREIH/D T 85.82 km, I/ K 8.59 km/a;2010—2018 4FEIF 4 MK J
HHEEAN T 18.82 km , BEANIEFE Ay 2.35 km/a, Hod A TR LRGN T 120.67 km , B4 HN0E B 4 15.08 km/a, H R
LRI/ T 101.85 km I /DRI 12.73 km/a,

A

GBA2001
GBA2010

pa [3IPS

P3 bP6
GBA2018

P2
Pl
H AR 2 N TR

PR T 122 e RR R Es 188, ORI AR ER

VA A IR

2k

2 2001—2018 FRZERBELERKETL
Fig.2 Coastline length change in GBA from 2001 to 2018
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Table 3 Variation of coastline length in GBA

1 AT R Rk
Year Artificial coastline Natural coastline Total length
2001 1081.71 742.79 1824.50
2010 1180.95 656.97 1837.92
2018 1301.62 555.12 1856.74

T Google Earth *F-£5 2001.,2010 5 2018 4E & 435
PG RV DX 7 4R ) Vg 7 5K AL F2 B0 R B M
7 YT BRI 504 AR PR S 52 [ PRl
Yy e F 8y BETTS el SRR SRS (E12)
3.2 WEEARXT RIE XA LULC (195210

2001—2018 4F , K X 71 LULC 20 5 A Ay
F AR RS D , R I RS W R (& 3%
4) o Mo B b R SR AR R 47.10% (2001
4E) 42.47% (2010 4E) 39.15% (2018 4F) , FhHh ] 43
Sl 25.53% (2001 4F) [ 27.03% (2010 %) ,26.92%
(2018 4F) , W8 FH M 5 HE oA 10.29% (2001 4F) , 16%
(2010 4F) i1 18.56% (2018 4F) , Hog b3S 5 /T 0.
1% (F64) . 18 4RI Hb v ARG BH S 38 o, v bt
i1 546.58km? , 3438 Ay 30.37km?>/a ; B b B4R L 9 /L
/0T 518.75 km®, U Ky 28.82 km®/a; MRHB IS AN T
94.76 km® , HEHLH /D T 73.81 km? ; ML TR 2 A O, BTN ET U R
W 114.08% AW A BB,y 61.549%  kpifngy e EEes EEA e

BHIZEEAR N B3 2001—2018 £ ABRBES LULC 57 E
Fig.3 LULC of GBA coastal zone from 2001 to 2018

F4 2001—2018 £ XEXFFH LULC/km’
Table 4 LULC in the coastal zone of GBA from 2001 to 2018

Ry Bt N b, b, W N ik He pavil]
Year Agriculture  Forest Grass Wetland Urban Shrubs Water Others Total
2001 3100.23 1680.66 187.47 4491 677.25 172.71 716.76 2.43 6582.42
47.10% 25.53% 2.85% 0.68% 10.29% 2.62% 10.89% 0.04% 100.00%
2010 2794.23 1778.22 126 81.99 1052.64 75.06 669.06 1.35 6578.55
42.47% 27.03% 1.92% 1.25% 16.00% 1.14% 10.17% 0.02% 100.00%
2018 2581.48 1775.42 113.66 96.1 1223.83 66.42 733.23 4.26 6594.4
39.15% 26.92% 1.72% 1.46% 18.56% 1.01% 11.12% 0.06% 100.00%

2001—2010 4F- 5 2010—2018 4F MG~ B Bt LA & 30, N2 0 3l Wb 52l T H A Bl 20, K8 X1 fo2 oy
LULC AL FR B85 . o, 2010—2018 473 it 3k a2 FH L F R 2001—2010 43 15 119 45.6% , 385 i 9 b o
i — 30 1 B (9 38.05% 5 [A]£F, 2010—2018 45 s 2 1 #f b | 5 4t 9 K 43 50102 2001—2010 4F sk 2> 4 1)
71.16% .,20.07% 8.85% (%1 4)

2001—2018 4F | 75 [X 3 B 7 18 4 00 3 45 M (9 75. 119 3k 1 #F 3, H vk 2 503 (90.68 km?, /5 1
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15.37%) , M (16.38 km*, (5 H 2.78%) , B 4% 6.74% K H IR FEA KA G2 imigk s o pg £
F00 0 AU (443.05 km®) |, HUEMI (274.11 km®) FIZKAA (99.52 km®)
3.3 T DI I T I Ak R SR A IR b 14 K Y S i)

2001—2018 4 ¥ ¥ 30 17 - b 3al B Ak 5 785 5 ol 38 ) b 15 K B A 8 38 A O 1, FLAE DG Mk S 3 i e 34
2001—2010 45 2010—2018 AFPASBBE LA, Vo Vg 3uk i 1 3uk B0 P b 85 G -5 1 i ol L P e 085 % 1140 4 S
0.66 5 0.83 (£ 6) , MERTT GDP AL A AR AL 5 i 7 B b K A e 3 Rk

400 375.39
= 0 2001201075445
£ 300 m2010—20182 k5
& 00| 171.19
g 97.56 64.17
S 100 37.08 I .
S 14.11 291
20 I_l—z.g L] 234 — D—g_4 [ u -1.08
IH -100 |- -61.47 : -47.7
e -97.65
2 200 -
£ 300 -212.75
B 00 7306.00

b st o Yt WL WEAR TRAR He

A/ LB % Land use/land cover

B4 2001—2018 £ AT XigFEH LULC E/km’
Fig.4 LULC change of GBA coastal zone from 2001 to 2018

VSR IR TIT (1% S0 FH b3 I 2 2 2 W S b R B LT A S R R SR A (1B 5) . 2001—
2010 AF, Vi 5 H 30 B FH) b 445 0 24 2% V0 3k T 3 B P ML S R ) 1,23 3%, 90 2 o Sl B P RS i /) 449% (R =
0.44) AT VT ()3 FH i 78 A 3K 5 1B 2010—2018 AF | Vi 7 7 AL P b 38 W8 K 240 S Y2 98 08 T S 4L P
BRI 0.83 4%, 1A IR B NG 69% (R*=0.69) I py 5 HE S T Sl P s A8 AL e i B, kA, 18 4E 5K
TRV X TTN FUAELAE  GDP 3B 50 17 S0 B P b R A 350G (3R 6) .

4 @RSt

L PR QR AT XA S e I S B T 4 e DX, 5 3l T SR B4 o Ve 2 4l EL AT W] 52 ), AR SE 2 T Google
earth V- 5 A [F] I AH i 2 1 SR A4, E SRR F 20 1 R X R 2k IRE S 9 PR A LULC 22 Ak, it 2y
SR EEC P St 1 0 5 e S T S BEA R A S, R REAIE e R

x5 XBXERET 2001—2018 £ LULC ¥/ 5K/ kn?
Table 5 LULC transfer matrix of GBA coastal zone from 2001 to 2018

HlHb P! it BT I i A Kk e Rl

Agriculture Forest Grass Wetland Urban Shrubs Water Others Total
b Agriculture 2096.97 201.08 34.77 7.52 48.89 24.87 99.86 0.26 2514.22
Ml Forest 274.11 1344.07 3.24 1.31 4.84 107.82 23.71 0.17 1759.27
HH Grass 19.39 3.42 34.98 2.39 3.55 0.09 24.44 0.08 88.34
B4 Wetland 10.93 0.60 2.60 15.84 0.19 0.00 40.24 0.00 70.39
WA A Urban 443.05 16.38 90.68 2.95 585.65 0.89 34.22 1.68 1175.50
HEA Shrubs 20.90 16.46 0.00 0.00 0.08 32.62 0.93 0.00 71.01
JKAK Water 99.52 18.68 15.29 12.63 7.30 0.64 444.47 0.00 598.53
HE Others 0.09 0.00 0.00 0.00 0.01 0.00 0.44 0.18 0.71
S Total 2064.95  1600.69 181.56 42.64 650.50 166.94 668.31 2.37 6277.96
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*o6 XETXWEMLSEETHERMEMAXER
Table 6 Correlation between urbanization index and urban land of coastal zone in GBA
T B P MO R Urban growth in coastal zones

2001—2010 4E 2010—2018 4E

EEMEITT A O34 Population growth in coastal cities 0.07 0.17

TRV T 34 FH B4 0 Urban growth in coastal cities 0.66* 0.83**

TEHHA T GDP 344 GDP growth in coastal cities 0.45 0.29

(1) R RLE N TACREESE Y, 2001—2018

A N TR 219.91 km, H AR R4 08 /0 187.67 4r 0
ko T BRI 32.24 ks FIIEAEA 1043 2 | 8 000 oonsnnn
ln FMBIEERI A THEEERRET MMM T2 g £ p == o o
BK ) F SR R 2 0 e A RT T Vi 3 A P b ) ) YR K g‘g . -
R BL KPR T, el o YT il & 2ol y;;ffg;ffj‘)j// o
WA U A TR, R 23 - ’
b s RSk X s KRB R T B 2| 7
FRAIEA In A% | i T B F2 LA BE S, 767 72 2 = /j/ e
K PRI 52 3 5 B U B 5 TP (0 AR T A T | |
RS MBS ) MRS DR, RV DX T R R R4 A0 0 03 ﬁwﬂi;ﬁ;w%” 20
OV R W B R N T AR IR R, 5 2 P ] 22 TR T X Urban growth in coastal cities/%

M ERAER R F AT LR RIS T 2 2 5 2001—2010 70 2010—2018 £ 5k %5 X iF i 485 iT 4650 L AR 3
DRy B BT 2 2 F R R AR BRI AR IR o e i .22 4 113
PRA R A BEf KRR M il = 4 N T Ak )t Fig.5 Linear regression between coastal urban land growth of
(2) KV XU 52 47 040 6 4R Mk FH b 4= (5 3] 1 GBA coastal cities and coastal zones in 2001—2010 and 2010—
g, RV DX Ry b 7 55/ R AL ARk oy 32, 2018
T 18 4F3k, K XM A2 LULC A8k 35 5 6 914 Bk sth
FH 308 98 55 AL P M R B B, 358 10 g 3 B P b R R B T X AR L BRI DX A IR FH M K
W S el N R (I P 3G T Rl b AR o A T S A ok — B B TR SR P AT R 2 TRV DXt oy 1 M )
FHFRA) 5548 SR B 5, PR M AE TR 2l b R O 2 2% 44 van 30 b 5 B L ) R T3 R G2 A 18 2 B
B A= 7 [) R0 P e EL AT R B
(3) VDX T 2 SR P M 5 U Vg IR T Rl B oo o A S 38 A G | SR W RV IX O L & Joe Xt
A b G R AARRE A SR AR SR T - G AR RS A (7% Il L e JR R O T e ELA W s e, PRt R i R
T XA M AR 2 AR, AN R T3 S DO B i, oA R T OR3P T s il s ke
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