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FEE  YOEIR T L TR S XA S RG24 R AL EELIK B 11 2 — A S R G AL RS T4k X s 4 A
JHAE S5 B assnt i Ak iy A 25 XU B BB 3, LA 2000,2005,2010,2015 2018 4 5 M -3 A FHEEE , iz X B E B R EEHE )R
AR H45 H CA-Markov FEHIRIH] 2025 FEMAE S R GoME Ry, DFFREE SRR . (1)2018 4 KIE X A FRAR & H A R 2 AR RS
RGN A3 XIS AR 53.99% 22.67% F1 14.51% , (2)2000—2018 ZE4¢ H bk IR Hb AR/ 9 FFE T 1983 740,278
ke, 3 ERCR b TR 20 1) L FH T 2896, 103 k™, 3ARAR 1T AR A 32 4 140 2 X ) B e L A e R S0 e 4042 o, b T R R
oA BB A E ST M HEE (L B, (3) KV X A SRR RN 515 R B, S WLIE 7 1 /N BE bR fa 34 2 e | 2 (7] 3%
PEF R BEWREESEN , (4) B48L 2025 AR AR R G R LI, 15 2018 AFAH L SREET AU T 609 km® | 4 FRIZR AR 51800 T
309 km® 1 316 km®, FEF I XA ARG R AL SR, Pt i Tk X S | 78 SEHE b PR3 20 2R R AR A AR 2T 2R 1
PRy B A s (] SR, X TR AR T A 9 A 25 KU LA AR

SRR B IAYE IX TR s A AR R G 5 BOULA Ry AR
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Abstract: Rapid urbanization has been one of the primary drivers of ecosystems change in the Guangdong-Hong Kong-
Macau Bay Area (the Great Bay Area). To understand these spatio-temporal dynamics, it is important to simulate ecosystem
trend and patterns during regional land use optimization, preventing and controlling the ecological risks of urbanization.
Based on land use-land cover ( LULC) data for the years 2000, 2005, 2010, 2015 and 2018, this paper analyzed the
evolution of ecosystem types and landscape patterns in this region. A CA-Markov model was used to simulate ecosystem
pattern in 2025. The results showed that; (1) the forests, farmland and urban land were the main ecosystem types in the
Greater Bay Area in 2018, accounting for 53.99% , 22.67% and 14.51% of the total area, respectively. (2) From 2000 to
2018, the area of farmland, forest, and wetland decreased by 1983 km®, 740 km® and 278 km” respectively, and the area
of urban and grassland increased by 2896 km® and 103 km®, respectively. The growth in urban areas came from the
conversion of surrounding farmland, woodland and wetland. Due to poor management, portions of woodland degraded to

grassland, leading to the growth of the latter. The change rate of ecosystem types in the Greater Bay Area had obvious
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periodical characteristics. The fastest period of urban expansion was from 2000 to 2005, leading to a rapid decline in
farmland. The rate of urban expansion and farmland reduction slowed after 2005.The speed of forest reduction accelerated in
2000—2015 and slowed down in 2015—2018. The grassland area increased from 2000 to 2015, with a slow growth rate
from 2000 to 2010 and a rapid growth rate from 2010 to 2015, then decreased from 2015 to 2018. From 2000 to 2018, the
wetland area continued declining with the same speed. (3) Under the effects of demographic urbanization and LULC
urbanization, the landscape pattern changed significantly. Fragmentation and separation increased, and the diversity and
evenness of the landscape decreased. The Contagion index ( CONTAG) increased and the Division index ( DIVISION )
increased, indicating that the fragmentation and heterogeneity of the landscape increased. The largest patches of farmland
and forestland were destroyed, and the Number of Patches index (NP ) increased. Urban patches showed a spreading
growth, while the urban landscape’s degree of fragmentation and separation fell. (4) The ecosystem pattern in 2025 was
simulated based on a CA-Markov model, and the accuracy test was carried out by comparison with the actual data in 2015
the Kappa coefficient was 0.94. Compared with 2018, the urban area is projected to increase by 609 km®, extending
outward along the larger urban patches, mainly in Guangzhou, Dongguan and Foshan prefectures. The area of farmland and
forest ecosystem is projected to decrease by 309 km® and 316 km®, respectively. The areas of grassland ecosystem and
wetland ecosystem are projected to remain unchanged. Based on the change and simulation of ecosystem patterns in the
Greater Bay Area, it was found that the farmland protection red line, ecological protection red line and the protection of
important ecological space integrity ( all national policies) played important roles in reducing the ecological risk of

urbanization in a rapidly urbanizing region.

Key Words: Guangdong-Hong Kong-Macau Bay Area; urban agglomeration; ecosystems; evolution of landscape pattern
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Zr b, S E A DI T AR A R Ge i AR 5T 32 AR TP AR R RN T R, X R X A A A T
Fa R DX S S Y A A bR B AR A AR RS | i 2 X R DX T AR A A AR S R G A A R AR IR R

AHFFE LA XA BFFE R4, 5 H 2000 ,2005 ,2010 2015 2018 4F 5 A -+ Ho A1) PR, 55T ArcGIS #44:
BB RG AL R A B BB E 485, i 7n KIS XA R GE I 25 4% J i A8 FR Ak, [ A, iz ] IDRISI
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X J& 7 #AH Z8 RS E , AR YA T 1A 1800 mm , 4 H BEHEH 2000 h, 4521 21.4—22.4°C . 1liHh 3=
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Fig.1 Geographical location and scope of Guangdong-Hong Kong-Macau Bay Area
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1 ABREDSRSZGXE
Table 1 Ecosystem type of the Guangdong-Hong Kong-Macau Bay Area

ARG A 2R B RGRN - H A IZEA

Ecosystem types Land use types Ecosystem types Land use types

AR H Agriculture JKH i Hh Grassland TR 7R oG BE M R R e IR 5 R
WA Urban IR b AR A B A At b 1 Wetland TSR W K EESTHE R e

FEM Forest AR AR g A i Bare land Vo B A e

2 WRFGE

2.1 ERRGAENEL

A5 RS F A A A AL B AR b B RO IR SE M 3 A5 R EA 5430 . 158,38 F ArcGIS 4ti1 2000—
2018 AFA A RGP AR AL SR 5 SR P X 200378 26 % 4 1 A1) - st ) 3h 25 BE AR R 3143 2000—2018 4F K ¥
XS RAEB RGNS, FIR RIS XA R G A M B AR (1) s 5538 ArcGIS 23 8] 43
P Tabulate Area T8 & 75 R G0 2KB RS A6 B ,FH?E&@%%’E%%E‘J%&?%*@O

u, -0, 1
X — x 100% (1)
U T

K
A K AR B — AR RGBS ; U, M U, 23 5B 5 0 R A I B — A= A R e 2 A i 8 i (IR
fiskm?) T ARSI (B qa) o
22 BB RGK R

SOV SR HE BORE 0% 10 BV A S LS Joo {5 8., B A 25 2R 00 1 ) B R 2 TR P R A i i B B AR
PLE K/NATEARSERRAE Y RSO TRF9T H A AT X456, LR BT 8 N iAg R 8 ( £ 2) . 2%
UK FAEBUT 4 50 W F8 20 BEE %0 ( Number of patches, NP) | fix K BEHR 5 %4 ( Landscape shape index,
LPI) 5 AR 5% ( Landscape shape index,LSI) 4385 B85k (Split index, SPLIT) , IR 2MHT 6 24 RS
¥ JRARAE s R IK A BRI T 4 SR EL . Ak Z AP E 840 ( Shannon's diversity index , SHDI) \FF4& %]
B 48 %4 ( Shannon’ s evenness index, SHEI) | & %iE & 5 %4 ( Contagion index, CONTAG ) . 43 #| J& 45 %4 ( Division
index, DIVISION) , HI2R 3 #r 42 Jay 5 WAE Ak . 5K SR F5 80 Fragstats 4.2 FPFHEEARH

R2 FEURBEEREX

Table 2 Landscape indexes and significances

SR 25 & X

Landscape indexes Classes Significance

ﬁIi}%/l\ﬁ NP Li > JF N7 E=Rvin 231 =} A =Rir| ;‘*J‘t,“‘ \* & E=Rvin| f‘}# &f_r
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FMEARFEEL LS s - SBRBEHH T AT ARAFAE 55 2 P B N BE B G0, 2 HAT — A 1E 7 T8 BE e i) 45 b

BEPAKF

Landscape shape index - TH4 1, (EBROR , SEHGBA HLIN , BSR4 T

53 B3 BEFE AL SPLIT B KT 53T 38 B 5 O A3 Ak SRS /N B BB 43 15 1 B I MR O, 2 SRk B e KR

Split index IS SE ML 7N RN

BRZHEVEAE %L SHDI LK SR GE S F I B R AR AN S M, (B, R W RS A 2H B E

Shannon’s diversity index )—R GBS ﬁy’iﬁ*ﬁh&ﬁ% ,ﬁ%ﬁlﬁ%;@ﬂﬁﬁ:{ b9 o 34 Al

TR B 546 %L SHEL SRS A R () L 2 L AN ) i (R 1 B AR, 100 B S0 R A T S A 3%

She SRR \ FULKF A H & PR AITE SO P 1 5] 40 A0, (B A0/ O 38 B — e, ol A Bz et S5 0L 52 2]
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AR IDRIST #1419 CA-Markov AR RIS X 2025 AEAYAE 28 RGEMR SR ERIE . CA-Markov BERIZES
T CA B2 [T RE J1 A Markov 54 750 (1% %5 i 7408 Ak T00 A0 4%, %of 22 ] R0 45 o 19 28 A6 A0 A 35 4 ) S 408K
R ARG AEATG oAt S 2 R TR R T B 45 ], AN 7 B3 R v R 1 T TR 2 A AT 4R T, AL AR
SR RIS X I S R G A ks . 58, ¥ 2005 2010 2015 AE 4 AE 25 2R Ge A0 Ik 8 R s R BUHE Y 3 Ak Ky
ASCII F53CAS | G AR AR I R4 T FAL 38 FLVR 384T Markov BBk 38 2005—2010 F1 2010—2015 Y4 R 1%
TR R RS TR R 5 SR 5, 36T 2010 4R A4S R G450 B A s R 5l , AE400 2015 AR A8 R G454, IF
52015 FRY S BREE X L, 758 Kappa REUSIEBAE L ; & )5, 2T 2015 AFILIRAE B R4, DL 10 484
K, U 2025 FHAEBRGELH , Kappa REEIN[ -1, 1], Kappa>0.6 BLHABIIZE R 5HUREA I 2 —
otk Kappa>0.8 WL 5Pk 5E 58,

3 ZRE5SW

31 ABRSGEAZENL
311 AR RGAREE AL

2000—2018 AF- T4 X [ I BE R b TR ARG AR FH AR MR b AR R R (181 2) o RV XA B AR S R
SRR K 3K T 2596 km® s R AR REAHW R Z W T 1983 km® s FMAEB R ANB A SRS
5 R E 40 B> 740 km® F1 278 km®; B AR AR RS L 18 1 THAE A, LI 103 km? BLHBIE K T
2 km?,

N 2 ] DU M 11 AT B SRR sk AN R o ) A0 L R AR 5 1 DA 9 3l et 14 T
FRAM2 521,500,495 km?® oAb 7 b AR SE 30 B A ARUG < 32 2ok Y o4 D 9 L0 7l 2 % ke Y 4 T R
SO RIIF b Ly () SR et b, SR BRI R AR IR 3 43 R U5 AR VLT B RN BRI Y IR ik 2%
18 VLT RIERIE A3 T 4 5 32 242 o bR, 268 D A SR T AR R YT A FHRIZR AR

£3 2000—2018 £XFRLSEERTN
Table 3 Changes of ecosystem area from 2000 to 2018

2000 2018

B RGHER A i
Ecosystem types TR % [HEA % Change/km?
Area/km? Area/km?
A¢H Agriculture 14452 26.28 12469 22.67 -1983
FRHK Forest 30422 55.33 29682 53.99 -740
Hil Grassland 1113 2.02 1216 2.21 103
B4 Wetland 3904 7.10 3626 6.60 -278
AL Urban 5083 9.24 7979 14.51 2896
L Bare land 8 0.01 10 0.02 2

312 EERGEHEEAEL

2000—2018 4F- KT X 45 25 25 R G AR fb 1 B 1) [ B ERRAE B Bk (36 4) ,2000—2005 4F- A 25 R 40 A8 Ak
JE B, 2005 45 AR A8 R G AR AR FE G . 2000—2005 44 FH T AR T B B b, 240020 1373 km?, BB
K=1.9% , I\ 2005 4ETF4R , 4% T TR 45 Dok JE R AR . 2000—2015 4F AR T B BE AR Brin B, 2015—2018 4EF
A T BE R 2 . M TR FRAE 2000—2010 4281 T, 2010—2015 4RI I, sh 25 #E 1k 1.93% ,H 2015—2018
ARl TE RS TS BT M 34 2000—2018 AF 1 b 1o FRURF 22 T [, 3 B T L AR R AR, 2000—2005 4 31 FH
B3 A bR, S AS B IR 6.46% ,2005 AEFF4G Y Ik M 2% . BLHBAE 2010—2015 4Esh S fe iy, 1
T 2.7 km® , oAb A ] AR AL N
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[ &M [ Ak [0 i ] & W Ak [0 %
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B2 2000—2018 £EBRRETH
Fig.2 Changes of ecosystem from 2000 to 2018

R4 ETRGEAREHTEEL

Table 4 Changes of ecosystem area and dynamic degree

2000—2005 2005—2010 2010—2015 2015—2018

HBRGRA HR AR FiAR A i BB i Y
Ecosystem types Areas/km? Dynamic Area/km? Dynamic Area/km? Dynamic Area/km? Dynamic

degree/ % degree/ % degree/ % degree/ %
A H Agriculture -1372.69 -1.90 -290.89 -0.44 -242.88 -0.38 -84.44 -0.22
R Forest -207.38 -0.14 -226.87 -0.15 -273.26 -0.18 —-38.66 -0.04
i} Grassland 6.77 0.12 6.91 0.12 108.56 1.93 -18.94 -0.51
it Wetland =77.82 -0.38 -89.27 -0.42 =77.05 -0.41 -33.51 -0.31
I Urban 1642.20 6.46 595.47 1.77 481.83 1.32 176.42 0.75
b Bare land 0.32 0.82 -0.22 -0.54 2.70 6.77 -0.29 -0.91

3.1.3 EBRGEFEBHA

TRV DX 3 A T AR 3 ORI A FH PR R 5 3K R ZORIE MO (% 5) . AR RS
PUEEACH 3 18 AEHEEE A 3034 km® A 1877 km* RIEF AR ,663 km* U5 TR, 459 km A5 10 Hb ; FRAK
T Hb DL oA = SR H o3 SBBL  3A F o0 B th hyAe TR R M, Rl DL A 3 BRI R AR,
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3.2 ERRGE AL
3.2.1 RAIRERZEL

FH R SRR R I (32 6) , BRI R BE BT B0 (LPT) iz K T Hifth AR 28 R Ge el RAEREE o5,
RSB 2000—2018 4FA HIFZRAR I BELR A KL (NP) E b, B R BEBRFE BT [ JIRTE BT [, 2 IR Bt e
PR RB AR AL R B 14, 5 R 5 T80 M BRI 7 SR BRI 50T o O R 8 R A1, e R BRF B B30T e, 4 B o
AN M TR AR ECT B, 32 AN SE M TR TR AL, BESANBOT [ MR A R B R0 0 i B AR AIRG, S 3

£S5 2000—2018 £ X RFELBERIER km®
Table 5 Ecosystem type transfer matrix from 2000 to 2018

AR FYET 2018
Ecosystem types & H FUSN i, Vi B b SATHTAR
Agriculture Forest Grassland Wetland Urban Bare land Total area
2000 4E &M Agriculture — 272 15 249 1877 0 2413
FRHK Forest 256 — 171 56 663 0 1146
Fil Grassland 11 48 — 4 34 0 97
b Wetland 90 39 9 — 459 3 600
4 Urban 68 42 6 20 — 0 136
Ll Bare land 0 0 0 0 1 — 1
S Total area 425 401 201 329 3034 4 4393
F6 BIREBKFHENIEHTL
Table 6 Changes in landscape index of class level
ARGk BESA % NP R BERAE 4L LPI FARTE L LS I3 B R KL SPLIT
Ecosystem types 2000 2018 2000 2018 2000 2018 2000 2018
A< Agriculture 6055 6274 1.71 0.91 197.89 192.04 1050.76 1826.48
FRHR Forest 5253 5524 16.14 15.94 118.22 117.77 25.06 25.71
FiH Grassland 4673 2830 0.05 0.05 99.23 97.36 1105.98 1035.31
{1 Wetland 6567 4988 3.48 3.33 140.05 134.84 821.14 899.56
B4 Urban 30261 8791 1.22 2.03 155.94 120.11 5377.96 1339.02

322 SEWNREMAEL
SRS 0 S UFR B B (3R 7) ,2000—2018 4F 2 R 48 U ¥4 &) B 45 Ko & GE 3R B0 T Rt ds, o
F SRR LT, Ui A BB A R AR TR R, oS [ NEREBR FA B8 J | R AL A FE 18 n

KT =UWKTHIVIEHTL

Table 7 Changes of landscape index of landscape level

05 Year TR Z RS FAI A B R IR Pl £k
SHDI SHEI CONTAG DIVISION
2000 1.168 0.6004 65.12 0.9577
2005 1.195 0.6140 64.56 0.9575
2010 1.202 0.6178 64.43 0.9580
2015 1.214 0.6240 64.11 0.9586
2018 1.215 0.6242 64.11 0.9587

3.3 ABRGAALTM
T IDRISI AR F R CA-Markov BRI T 2015 FAZ RGLLEH , IF5 2015 4ELBREHE X LU IEA 78S FE A
5, Kappa ZE0R5 0.94, USRS IR A B m i) — 2, AT 2010—2015 4R RGBS 2015
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RS RGN EE MRS A 2025 ERIEXAES RSB (K 3) . 458 & . 5 2018 EHHEAH
Mo WA S R F I AIE K T 609 km® 4% M A1 ZR AR AE 25 2R 45 1 AU 5 T R 40 51080 T 309 km® Al 316
km®, AR S RS B AR S RS AR LA K,

2018—20254E i 472k

mEIE W R [ kM- 20184
I e Rt e

B3 2025 FAESRERBERHTY K

Fig.3 Comparison of ecosystem structure between 2018 and 2025

4 e

4.1 HREDS RGBT R, BELE IR R 53 5 5 3G i 5 2 AR L RRAE

TS DX B A 25 2R 0 TR 38 4 S BRI T A AR 28 R G AR A S R e, X LR o B A 0 28 I
Fho KIE X K Rt i, A H T AT Bl J3E i P, e K BEBRFE AR T — 21, 1 I 5 R ) 4 HE B e — 2l i 4
12 i, A H e B MR IR s BRMOR VS X R AR R G 287 3 Ak & Jre ik A v T RO BT 1 e, TR BRE B g
IR, BRI ) P 2630 3 R T o3 5 BARAEL AT e b P BRE AN 25T B, B R BB A8 85 b T, 328 3 phy /)N BE B 2R 4 sl K Bk
B BEHR A RERE B R 50 B B R

K X 2000—2018 FIRFEA ARG K 5.27% , 4 FFIFRAST BID 3.61%H1 1.34% , 53 EK =Mk
TRE AN B T BE AR L, RIS X AR R G AR/, 2000—2015 47K = M3l i BE A A K 7.59% , 4%
T 8.01% 5 1998—2018 4F 5T HE I 1 f A3 ARG K T 16.67% , B0 b A AR AR 43 BI04 T 13.73% |
3.22%)
4.2 AT AR IR AR VS X A S R G AR R A

NI T AR B3 T A AR (5 RS XA A A8 R G I R R IR, A FE MR i R bl 2B S R G0 E AR R
O I 1T A R IR AR 2 R GE T AR A R RGN T IR Fh 1 2 e o SR 1 Il 2 T 2 ik ity 5% ot i AL 86
WA S R G A T 2 40% A1 MBS E b AESERE VLG R 3E n, @RISR A S R G R85
HER LXK, K Bl P L - b3l T b i 32 ke R AR AR S R 4, 2000—2005 4F 2 - bk i Ak R R i
— AP BE, A% H TR R0 Vol i R, B OG-k — 25 i A0 et A b, 7 S T AR A ) RN AR A A
A H AR X BRAC ) S5 H PRI 45 B 0 A, IR E S R KU 2%, R KRR T4 HAE S R G KR
WIS, QLM A S BOR B R A B R G I A S R G0, MK IE T [ ,2010—2015 4F
], A8 AN S RTRL AR £, 5 4 PR AR Ak A 2l ok T ARARIAI AR A T B Rl AR A B . @RS X
HAEAS R G TR REAT AT A SRR L DR T Ak T 350 i T i B BN, D A Ak A A 5 11 )
AP & R AT 55 30 Ty A 45 T KA B3R T, i JE o A B, B S R S SRR S T R T
FE I 1) 22 T 5k 25 O R B M G A A A 34, TRt A 75 2R 0 v B AR o L SR A i ARl 280 ) L B K
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T Bfsc R .35, Sun B8 A GE R 3 AR 1R 2 L, b LR Hp L 1) S 3 A 37 A 2000 4R 1Y) 1528.36 km* I/ & 2015
AEAY 1064.03 km*, B KRGO HBE AT | 5A SRR 45 5 — 5L,

- 3R T Al A T VS XA SR AL A B B T, SO AR AL ST B R T ek

SO B 22 R RN E A0 JBE AR, 3 B O B R R Ak S B M ) Jiao S ABIFST T BRYT. = A U0 9 Nkl 78

1985—2015 4FE[RIHE ARG R A8 4k, & BUER = A8 1) 5o 0 2 BE PR 38 50 L TF, il e A A2 5 380 i, =5 () il
R Z4E 5 K X 2000—2015 AEAE S RGoAE SR A Ak 33,
4.3 2025 FFRIEXARMAES RGAR TS XA 25 KU

KI5 X B4 S R G AR IRBUE S R G A BT, R LSRG A R4S R G ALUT B, 14
2025 AERIERS R G R R B, R MA S RGN A S RGAEE R, Lin AN =MAESRS
& RIS o R B B AR A A R G R R [ AR S S AR B — st . SR EA RS RS
MR 55 AN B, LAY R B R B RIS XA RGNS T K, I ok — R 50 1 A S PR (] 81, 39 A 25 )
B, RV IX ok & R34S 2019 4FE[ % Y Bk T X R JEE LI 4 B2 ) v A S BB IR Y A9 40 S A
TEACHI TR ATT , SRR KT X 2 JE R I 1) S it
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(1) A SR R B N (SR AE S RGP e E
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BF, ™A v SR M PR AP 2T 2 R AR S ORI LD R0 T AR B XA [R] i e 35 iy 3 ol S it 22 Ak 3w . BRI,
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T A A S AR R AE R R G oK I E A Skt AR | A Sk b T R BN SE AR SRR R AR AR
PRI FINE ST LA KKy A 25 JBR T 1 A= S B e 2 ] (1 376 38 )3 45 U s KU E S R SR 55
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