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Abstract; Analysis of the spatio-temporal evolution process and characteristics of the land-use changes (LUCC) , ecosystem
services value (ESV), and ecological carrying capacity ( ECC) of the Guangdong-Hong Kong-Macau Greater Bay Area
(GBA) is an important basis for optimizing ecosystem management and improving ecosystem quality. Currently, there are
still few comprehensive analyses on the combination the LUCC, ESV, and ECC of the GBA. This study uses the high-
resolution remote sensing data to study the land-use changes and features of the GBA from 1990 to 2015, estimates the ESV
based on the equivalent factor method, and evaluates the ECC based on the ecological footprint method. The results showed
that from 1990 to 2015, the area of built-up land in GBA increased from 4407.58 km’ to 8912.31 km’, while the areas of

cropland, forest, wetland, and unused land decreased significantly. The area of the forest and cropland decreased 3.19%
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and 17.23% respectively. The increase of built-up land mainly came from cropland, forest, and water body and 2000—2010
was the most obvious time period. With the dramatic land-use changes, the ESV of the GBA decreased from 6385.09 billion
yuan in 1900 to 6183.89 billion yuan in 2015 (decreased by 3.15% ). Water contributed the most to ESV and the ESV of
food production and hydrological regulation were the highest. Wetland had the greatest loss of value, decreasing by
~54.64% , followed by unused lands, which decreased by 45.03%. The regional ecological footprint ( EF) of the GBA
increased rapidly from 80.57 hm® in 1990 to 241.31 hm” in 2015. The consumption of fossil energy has the largest increase,
from 9.21 hm® in 1990 to 44.13 hm® in 2015. The ECC of GBA is generally stable, but the overall ecological deficit is
serious due to the increased consumption. In 2015, the regional ecological deficit reached 214.88 million hm® and the per
capita ecological load reached 3.09 hm*>. With a 50% increase in population and nearly 15-fold increase in Gross Domestic
Product (GDP) from 1990 to 2015, the EF per GDP showed a clear downward trend from 1.47 hm’/yuan to 0.28 hm’/
yuan, which indicates that although the overall resource utilization of the GBA has gradually changed from extensive and
consumptive to intensive and economical, the overall situation is still challenging. In the future land use planning of the
GBA, it is necessary to strengthen the protection of natural resources and rational adjustment of land-use structure to realize

the sustainable development of economy and ecology.

Key Words: Guangdong-Hong Kong-Macau Greater Bay Area; land-use changes; ecosystem changes; ecosystem service

value; ecological footprint; ecological carrying capacity
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Fig.1 Location of the Guangdong-Hong Kong-Macau Greater Bay Area( GBA)
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Table 1 The ecosystem services value ( ESV) of different ecosystems of Guangdong-Hong Kong-Macau Greater Bay Area (GBA) during 1990—
2015

e " ik iy TR S Kb
First level services . Cropland Forest Grassland Wetland Unused land Water body
services
P2 IR 55 et/ chis 2877.54 1734.99 1481.09 1079.08 0.00 1692.67
Provisioning service JEURE 190.43 3998.94 2179.32 1057.92 0.00 486.64
KB -5564.66 2073.52 1206.03 5480.03 0.00 17540.31
P9 55 SAATETT 2348.58 13160.52 7659.34 4020.10 42.32 1629.20
Regulating service S AT 1206.03 39354.62 20248.59 7617.02 0.00 4845.27
EEERTS 359.69 11446.69 6686.05 7617.02 211.58 11742.91
JKSCIS 5755.08 24522.59 14832.04 51266.80 63.48 216323.48
AR 55 R 21.16 16016.91 9330.85 4887.59 42.32 1967.73
Supporting service EISEANIEIN 402.01 1227.19 719.39 380.85 0.00 148.11
EY/E 2= 444.33 14578.14 8484.52 16651.66 42.32 5395.39
AR 55 FF M 190.43 6389.84 3745.04 10007.92 21.16 3998.94

Cultural service
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51X 1990 ,2000,2010 ,2015 4E A4k A REVR AT 2%t B ok A KIS XN AT GRS, AR 23k ik
AR AR 7 b i TR T2 e A Y b RE VR 2 T T R B A AT B — 2 A A R i AR AR
P 2 A AR A5 20 BV AR 2S5

3 HBREHS

3.1 HHURI AR LR

1990 47V X 4= b I SR AR b A 32 (55.77% ) , FoR kb (27.36% ) . 2015 4 K8 X AR A5 AR
Hi ok FEEISHY A A6 /N (53.99% ) , B EURIBEIN (4 13.73%) , BFHLEZ A AEVLT] BEDS EOMN
Ve AR TR e M TR A RT] . 1990—2015 4F | R X Ay 15 FH M, /K Sl v ARG I Tk Ak
Tl R A R FH b T RR R (1L 2) o A P b 3 R A K, A 5 0 N AR A Rl 102.20% , R T FR I fin it 29
4504.73 km® , HR R K38, AR AR 0.94% , 1M SR FH b R b T RO /D B R, 3 /D 54.64% (45.03%
M 17.23%, 2010—2015 4F-FE M AL N, H A4S i Beii /b 24 249.61 km®, #F b AR H A0 A& T Hb i AR — 0
D B FMRCHB TR0 2 4214.32 km®, G BRHD bRCHD 45 b S 7R RV X A b BB b R RRSE T R I
HTAI AR 6.79%38 2] 13.73% (3% 2) .
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2 BEHEEAEEX 1990 E 2015 £ 15 A
Fig.2 The land use changes of the GBA from 1990 to 2015

P 3 AT, EE U FH M N A 32 B2 R A B WA K 8K 5 37 2 () AR b S B AL R 1 b K45 5 7K
B AR R R M, AR i AT A - bR S T A A AN R R B 4, 2000—2010 4F, K2
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F2 1990 £ 2015 FEBEBEATX TR AETL
Table 2 The area changes of different land use types of the GBA from 1990 to 2015

Ef R P o i ‘J;‘%fﬁf i K AR
Year iypes Cropland Forest Grassland and Wetland Water body land
1990 TR km? 17763.03 36212.81 1563.53 4407.58 426.82 4520.46 35.93
2000 T km? 16993.98 36049.30 1448.62 5278.03 194.70 4937.82 27.73
2010 TR km? 14927.62 35405.63 1313.92 8382.49 191.49 4687.86 21.16
2015 T km? 14702.66 35058.86 1480.17 8912.31 193.60 4562.82 19.75
1990—2000 T L/ km? -769.05 -163.51 -114.91 870.45 -232.12 417.37 -8.21
AR/ % -4.33 -0.45 -7.35 19.75 -54.38 9.23 -22.84
2000—2010 T L/ km? -2066.35 -643.67 -134.70 3104.46 -3.21 -249.96 -6.57
AR/ % -12.16 -1.79 -9.30 58.82 -1.65 -5.06 -23.69
2010—2015 T fL i/ km? -224.96 -346.77 166.25 529.82 2.11 -125.04 -1.40
AR/ % -1.51 -0.98 12.65 6.32 1.10 -2.67 -6.63
1990—2015 TS/ km -3060.37 -1153.95 -83.37 4504.73 -233.22 42.36 -16.18
AR/ % -17.23 -3.19 -5.33 102.20 -54.64 0.94 -45.03
F3 1990—2015 FEEBRAEX + i F AHEBER kn’
Table 3 The land use transfer matrix of GBA during 1990—2015
dH I 2R it B B it ST Kk AN L Hb
Land use types Grassland Cropland Built-up land Forest Wetland Water body Unused land
HiHl Grassland 1104.03 0.52 93.68 131.11 0.53 1.30 0.00
HFH Cropland 1.56 12427.46 2147.30 88.58 4.85 448 .44 0.05
% F ML Built-up land 0.11 2.82 3734.04 10.39 0.84 5.98 0.01
b Forest 148.83 33.32 1015.18 29544.74 2.00 28.96 0.25
4 Wetland 2.00 38.56 77.27 6.28 135.76 104.65 0.25
K38 Water body 3.28 9.33 511.37 9.32 19.36 3297.41 0.23
FHFH 3 Unused land 0.01 0.23 11.24 0.72 1.73 0.66 16.02

3.3 ABRGMFSNEZ AR
321 & ORISR R R GRS I (E A8 Ak EARRRAE

H 2 4 m] 1, RIS X A9 ESV 7£ 1990 ,2000.,2010,2015 4F43-%51 4 6385.09 ,6433.34 6252.65 .6183.89 147C,
SV D 201 425T(3.15%) o 2000—2010 4F98/ DK I8 T 2.81% . NS AEBRG RN ESV K E , M
B B o Lo ey, RO KB, WA A RGN B R B R, 26 AR T 25.67 4CT0(-54.64% ) 5 Hk
RARF A, D> T 45.03%
3.2.2 HIUERRGNRS I EZE A SR RHE

FHER 5 ATH, 1990 2 2015 4F  BRoK B IR HEZ T READ , RIS IX 14350 ESV 1A ek, Hrh &A™ Ihie
TR Z , TR 8.93% ; U AER TR G A TITe , T B 5.21% ; K SCIRT IR ESV 2B fkf /b, TEAER RS
R 55 A8 B 7 T, AR T K SO A IR R R E A S R GRS TR, = A BT A T RE Y
10% Vh b L5 M B8 ST RE 50% , Horb K SRS 522 (31%) , M 4ER 32 70 D FR DI REAY o5 e el (O
E1%) . F 3 5K 2015 4544 1A FH2E R 45300 ESV |, 454 - N B 40351 2 7R A Bk R ) FH b 3
Hi B B S A A R R A AS TR ESV, A AR S 1 DR K8 K SCE T D BE AR FRAY 7K SC
WA RERY M A S B, 20 N 1379.93 987.05 .859.73 1270, A M M40 ESV #FEE , it T84
T FRA /IS AR BAAE TR R Y ESV AR5 (B S
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F4 19902015 FEFBRTXESRERSNEEL
Table 4 ESV changes of GBA during 1990—2015
e HEBRGMR S/ (x1090) AL/ %
IR ESV Changing rate
Land use types
1990 4F 2000 4F 2010 4F 2015 4F 1990—2000 4 2000—2010 4 2010—2015 4 1990—2015 4F-
Bty 146.20 139.87 122.86 121.01 433 _12.16 -1s] 1703
Cropland (2.29%) (2.17%) (1.96%) (1.96%)
s
FediN 4870.77 4848.77 4762.20 4715.56 045 179 -0.08 319
Forest (76.28%) (75.37%) (76.16%) (76.26%)
By 119.72 110.92 100.61 113.34
-7. -9. 12. -5.

Grassland (1.88%) (1.72%) (1.61%) (1.83%) 753 930 65 533
TR 46.98 21.43 21.08 21.31

-54.38 -1.65 1.1 -54.64
Wetland (0.74%) (0.33%) (0.34%) (0.34%)
EAIiRE] 0.02 0.01 0.01 0.01

-22.84 -23. -6. -45.
Unused land (0.00%) (0.00% ) (0.00% ) (0.00%) 8 3.69 663 503

b 1201.41 1312. 1245. 1212.

A? . 0 31233 590 66 9.23 -5.06 -2.67 0.94
Water body (18.82%) (20.40%) (19.93%) (19.61%)
JHE Total 6385.09 6433.34 6252.65 6183.89 0.76 -2.81 1.10 -3.15

S E R R %I ESV (5 24E K ESV i)

R5 1990—2015 FEBBEAER ZEMESRERSNETL
Table 5 The value of every ecosystem service of the GBA during 1990—2015
. B RGEMSS M{E/ (x10850) MrfEL b Lt/ % ML/ %
EERGMSs ESV Proportion Changing rate

Ecosystem service

1990 4F: 2000 4F: 2010 4F: 2015 4F: 1990 4F- 2000 4F: 2010 4 2015 4F: 1990—2015 4F:

YA Food production 124.37 122.16 114.47 113.26 1.95 1.90 1.83 1.83 -8.93
JAHA: ™ Raw materials 154.25 153.16 149.77 148.65 2.42 2.38 2.40 2.40 -3.63
IKBEWRMEL Water supply 59.76 69.61 75.21 73.76 0.94 1.08 1.20 1.19 23.43
SRURTATY Gas regulation 539.36 534.26 519.49 515.47 8.45 8.30 8.31 8.34 -4.43
SABEIRT Climate regulation 1503.38 1493.94 1462.16 1451.01 23.55 23.22 23.38 23.46 -3.48
LI B Waste treatment 487.70 487.92 475.94 471.55 7.64 7.58 7.61 7.63 -3.31
JKSCIA 4T Hydrological regulation  2013.22 2081.46 1997.55 1963.27 31.53 32.35 31.95 31.75 -2.48
IR Soil conservation 605.96 601.94 589.03 585.58 9.49 9.36 9.43 9.47 -3.36
iiﬁj?ﬁim eyele 53.54 52.92 51.16 50.75 0.84 0.82 0.82 0.82 -5.21
iﬂiiﬁmmmn 580.57 575.26 562.41 58.03 9.09 8.94 8.99 9.02 -3.88
25 Entertainment 262.98 260.71 254.66 252.55 4.12 4.05 4.07 4.08 -3.15

3.3 AR RIS AR S AR LRE
3.3.1 BB EIBIHT

A28 6 A1, OV XY XA 245 v bR B K |l 1990 4E /1 80.57 hm* 1K & 2015 4EAY 241.31 hm” 35K
T 245, NS 3.22 hm®/ ASEINZE 3.47 hm®/ A, AL A RETRBOTHFERE N 22, (1990 4E 1 9.21 hm®
N ZE 2015 41 44.13 hm? 35K T 4 % HRO KRS, 394 T3 3 /%5 (122.04 hm?®) o B [A] |, 1990 4F %]
2000 4F (4 X 3 25 L i e, AR IR IR Y 7 EE AN 1990 4E11) 88.57 %% A AR A 2015 419 80.91% ,
IR TE]  HAB T PR P 5 FE N 11.43% 38/ % 19.09% (3£ 6) ,
3.3.2 AERRBIISHEBET

FH % 7 WL, 1990—2015 4F RS X #E (A AhF A A RS B S Bl K F AR &R S, BASfmA
W, AR S i B W 0 . 2015 4RI A A A A3 21488 J7 hm? , A A A A F] 3.09 hm?, %
BHRYVE X ) A SR BE IR O e JE R, A7 AR AR FRAR A 1A T K- AT T BRI AE S R 5K
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Fig.3 The Ecosystem Service Value of different land use types of the study area

R6 EBFBXERESETEN
Table 6 The changes of ecological footprints of GBA
1990 4 2000 4 2010 4 2015 4

ii);ums 25 KXW EF/  A¥EF/  XBEF/  AHER  KMEFR,  AMER, KHEF/ AHER/
(x10°hm?)  (hm*A)  (x10°hm?)  (hm*/A)  (x10°hm?) (hm*/A)  (x10°hm?) (hm*/A)
AT Bt 1.22 0.05 0.82 0.02 1.07 0.02 1.53 0.02
Biological resources account il 11.06 0.44 23.13 0.46 19.78 0.31 17.31 0.25
KB 47.16 1.8 117.08 2.34 143.68 2.25 169.20 2.43
it 11.92 0.48 12.00 0.24 12.15 0.19 7.20 0.10
Fo eI A B 9.21 0.37 21.26 0.43 37.32 0.59 44.13 0.63
Other resources account HAZ A 0.00 0.00 0.45 0.01 1.35 0.02 1.93 0.03
A3 Total 80.57 3.2 174.74 3.49 215.35 3.38 24131 3.47

EF: A 25 21 Ecological footprint

4 it 5418

41 ihg

1990—2015 AT ks YR T DX %) ek i Pl ) A 385 o bt | ARkt | 6l 308 b 60 A R ) b B 8 0 2>, )
KU XA R GRS (BR824 201.20 4200, A SR AR Ak, X Ig0E A= 25 b S 3ok 34, B
BB LT AR FAWHIN, 456 KIS XK E P AT GDP &4t &2 3 5dis o (& 4)
1990—2015 4F, K& XA AT GDP Rl &, % A4 AN FE K 50% , GDP 34K 3T 15 %, B GDP A= Z% JE 38 AA
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AT ORISR A A A Sy R A R 5 24 780 (EURE (AT T I R 1 A= SR . Zhang 551 BFFE A B, K
DT 9 5K A9 3K Bl ) B ALHE GDP N E M7 W B A R B RE . BEE I RIS |+ o 22 PR IR Sl ) 19 5T
TR, P BB S I (4 TR R, A TRV sh T A7 AR A LB SR DG R B SCHRAE D BFST R B, st T Ak
AN VIR A 2 R DX A 25 2R e A8 A i T Rt R« Ml T A R A s 2R SN AN E S R Ge ek
SRR AR S AR 5 TN FUSRCTT A DR i, AN (LA R 7 PR A B SRl B T AR PR GBI I i i — S 5 A AR AR 2
FRGE(CANFRIEAIE) BT, U e R B SRR

R7T EBBEXERESABRNRESRSHN

Table 7 The ecological carrying capacity and ecological balance of GBA

+ 1 F 2 Land use types 1990 4F 2000 4F 2010 4E 2015 4E
Bt Cropland 0.02 0.01 0.01 0.01
HiHh Grassland/ (hm?/ \) 0.01 0.01 0.00 0.00
k38, Waterbody/ (hm?/ A) 0.07 0.04 0.03 0.03
M Forest/ (hm?/ ) 0.87 0.43 0.33 0.30
{64 BRI Fossil energy land/ (hm?/ A) 0.00 0.00 0.00 0.00
A HE Built-up land/ (hm?/ A) 0.06 0.04 0.04 0.04
3T Sum/ (hm?/ A) 1.03 0.52 0.42 0.38
X 484k 5% 5 Ecological deficit/ (x10%hm?) -54.84 -148.71 -188.87 -214.88
AL -2.19 -2.97 -2.96 -3.09

Ecological deficit per person/( hm?/ A )

—— GDP —O— A0 @ KRBT
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Fig.4 The relationship between the ecological balance and GDP and population in GBA
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ik bR, SL R & R e 2Tt A T Rpa & R i B i B3 HE Sl T 54 & R i 7

AR FE BT Y ik X RO XA AR S R GRS I (A AT I 5%, FROSR IR 7 1k g 8 DRl A 20 b A% B X
ESV (HX A 7% T MR 28 RGBSR R . PRI, AR T 25 JE T XA S PR B, W A S R G432
PEATARAL  SEINLT A AR Vo AR TR AR AT AR IR AR S R G, AL, FE T InVEST™ ARIES'™ | SolVES'™ 2547
FE B ARITF R H B4R A S REMETFAE RS, TR BR F-Be . STk, ARS8 ] ik —
MG RS B TR B ) BRI T AR T R AR R BRSNS R AR
XA R GRS B ), 805 38 22 (R A AR i ] g 7 AL
42 #5i5

ARG S B B WS RIS DX SEBR G L, R T B MRV X — Aok 1) - R R AR Ak A R XA 2
RGNS A, TR0 TR XA SR A SR SRR S FEE5R T,

(1)1990—2015 4 By RIS X 2805 T Ptk i fhad A%, R AL B . Ko ARORT Bk b A% £k 3%
T EEE FH M, A PO T AR 0 T 1 A%, i AR b AR b 1 AR A3 B> T 3.19% 1 17.23% , 3X — AR A B AE
2000—2010 4F A 3

(2) BRI X WAESRGER S B NS, BTy, @ e 5 7 RKE AR EARE
BRGNS B XA R GRS MM E I 201 127T, 1B 18 24E B R Gl D i £ . A7 f
AERFFE G RE OB 0 35 BRI, PRI T AT R i A2 28 R GE AN (B D[R], 75 225 R E A

(3) RV DX AR 285 8 AR 7R 7 R AR AR R B, R XN B AR 2 R S 1 ik 3, 2015 4F B B R 7
iKE] 21488 J7 hm® AR H AR, ATRELE G0 Kk IR OC R RIS IX AR AL & J ) JE 2280

(4) BRI XA LR T B AG VK SR AR LT A SR 20 2 | & B Rk iy A A8 R A [)
AT X AN TR) 2 Ji B B ) 3k Tl ) 25 S A SR 6% 5 300 e 138 o g e i L A S b S o G A b R FHRD S A
Jay 87 A R XA B R GRS, B ) B VS X AR S S i R
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