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Fig. 1 Distribution of five mega-urban agglomerations in China
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Tab. 1 Yield factors of water resources for provinces related to mega-urban agglomerations
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Tab. 2 Classification for ecological carrying capacity
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VNGENd 0~0.4 0.4~0.8 0.8~1.2 1.2~10 >10

3

3.1 BT = £ S E S TR 4T

= A2 (R AR | ARG 28 (R R AR AR X DL B A A5 A [ 25 A 2 — ANy T 4 Bt
FERIR TS M Z5 A 0 A RFIE o 20204, M “AeS—A /= —ARig” 25 () T RN 4 LU oR
(#£3), UMK =MN4:5:1, WML N3:6:1, Ar=asim) b s, Hdsim oy
59.7%, AR LN 36.4%; BAERZA R 6:2:2, KITHIEA h6:3:1, Ak
B) 7 bty , 23 llik 3 1 63.3%160.0%. A= iG2s ] T A FL i R s . K = An
TUEEL, PN 14.8% . 14.0%H113.2%, RO AT AR N, 294 3.9%14.5%.,

SR RIE L BT, WA TGS ME5 M MEIERE , B sh.od &
IS, HAT 4 MR R L Z R0l & 3, ARG 2 B3 R A AR A, Wl
WS R s “EE” (ZEME . VAR BT — “WE” (R
SRR, SEhR) — PR (ZEMS . IfEEE . S TELD) /Y EAY B
B, B E W AYLR . M EARSE . AR A MLAL A R, Ho KT i
“EE” RS (K2e), MUl “REE” B (KI2d), WMistEss, K=, BEismlE

R3 2020 FHEHABHHES EFEBETEHRRET

Tab. 3 The statistics of ecological-production-living spaces in mega-urban agglomerations in 2020

51 Seitats TR K=f YR JRi] KAT i
HEARZE ] TFY(10° hm?) 9.04 8.47 3.49 7.02 20.96
TR (%) 40.54 40.16 63.33 36.38 59.96
HE e[| TRIFR(10° hm?) 10.33 9.68 1.20 11.53 12.42
T (%) 46.31 45.87 21.83 59.74 35.53
LR 23 (1] HEF(10° hm?) 2.93 2.95 0.82 0.75 1.58

TR (%) 13.15 13.97 14.84 3.88 4.51
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Fig. 2 Distribution of ecological-production-living space in mega-urban agglomerations, 2020
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Fig. 3 The area changes of ecological-production-living space in mega-urban agglomerations, 1990-2020
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Tab. 4 Statistics of ecological space and its changes in mega-urban agglomerations during 1990-2020

B S (=L 7N PERe K= My e KPR

1990—2000 4 iﬁ*lﬂm 1254k (hm?) -27799 60925 8806 -2235 21633
UK LA (%) -0.12 0.29 0.17 -0.01 0.06
i**lﬂt*mﬂﬁ%hkﬁm(% 31.75 62.80 42.86 39.58 47.60
HEASAS RIS B B L (%) 25.12 7.25 2.04 6.25 0.00
A A Il D 1 2L (%) 43.13 29.95 55.10 54.17 52.40
AT S AL 5 AR 2528 A TR (hm) 27775 15998 43675 2346 17425
rﬁél‘ﬁﬂ%&iiﬁ*lﬁﬂtm(%) 32.96 24.06 72.22 13.11 23.66
WA AES =90 6.64 16.43 34.69 11.11 8.30
SR ILBITGE, 5.0 12.32 17.39 24.49 9.72 17.03
i};ﬂii(ﬁ;)&bﬁ%ﬁi <50 43.60 41.06 36.73 66.67 74.24
Je i 37.44 25.12 4.08 12.50 0.44
2000—20104F iﬁﬁlﬂﬁ$ V54 (hm?) -55291 10889 -81350 48152 34822
BUEAK LA (%) -0.28 0.02 -1.55 0.25 0.10
EEA* [FJHE TI EL3 A (%) 23.70 39.61 20.41 74.31 58.08
HEAS A RIANAR B EL Y L (%) 26.07 435 2.04 2.78 0.44
**lﬂ?ﬂ/'\ﬂ@%iﬁ.ﬁtt(%) 50.24 56.04 77.55 22.92 41.48
2% 5 A 2828 () T A (hm?) 43500 49811 116735 7754 50685
if&] S AL | AR 2523 ] LU A9 (%) 53.45 63.46 99.03 69.37 60.46
TS BT AR =90 38.86 52.17 97.96 70.83 50.66
£ "Eﬂ%tlﬁ%?{iﬁ L5090 10.90 21.74 000 556 2227
tjﬁgiﬁ% ULk <50 12.80 19.32 0.00 6.25 24.45
Jori H 37.44 6.76 2.04 17.36 2.62
2010—2020 4 éE**lEﬂF% Ak (hm?) 115946 146102 -38333 16079 110911
FURAL LA (%) 0.50 0.52 -0.76 0.09 0.32
ﬂ:** B4 a0 A B35 5 LE (%) 52.61 68.12 48.98 77.78 66.81
HEAAS RN B B L (%) 2.84 0.97 0.00 0.00 0.00
K*Iﬂlﬂ/l\ﬂﬁgiﬂkmm% 44.55 30.92 51.02 22.22 33.19
6 25 A% 5 A 2828 [A) i A (hm) 12756 39322 25037 13551 101289
623 [T 5 AR RS T LB A (%) 83.38 79.08 96.65 93.26 95.67
d:{E} ST AR =90 42.65 71.01 81.63 81.94 82.10
2 )45 LU BN 50~90 474 8.21 10.20 4.86 12.66
ST RE IR 2t <50 3.32 6.76 0.00 417 1.75

d (%)

Jiii 49.29 14.01 8.16 9.03 3.49
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Fig. 4 The proportion changes of ecological space at county scale in mega-urban agglomerations

a. 1990—2000 4F

%0 100 km >2¢
Bl %) %z Bo [0 0~20 []20~50 [_]50~75 [ 75~90 [ 90~99 [ =99
FElS R T B EL R A 0 25 (R B f A 2ss [A] L 3]

Fig. 5 The proportion of ecological space occupied by living space in mega-urban agglomerations
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=15 98.0%, JEIIZ) 70.8%, I U EFE AR 39.0% (J&15b).

2010—2020 4F- B35 18 A5 25 255 [B) G AT R /D, 24 51.0% B3 AE A s )i b i e it
FOK A R R T A A A R TR I, 43Ol 24 52.6% . 68.1% . 77.8%F1
66.8% 1 Bl AL S 2 (B (Kl4e, £4) . TR TG 28 [BBF 5 A2 A Y Lo o 4k 2k
THiE, EHeIR . KT I Y T 90%, HUHEE . K =MWt 80%, (HIG M LA
A, 2SI REAE TG AT (B 5 A S A IR A TR A Sk /D o AR G s Il | AR A s (A He ok T
90% Y B, B . RO VLR R AT 80% . BEAR, 3BT KT A Y I
X, Az Em A, R SEs e 5 e E (K Se).

3.3 R EESRFREFZ TS

MAEBZ LA R EBIMORE (Kl 6e), TR HEHLIX 1 96 NI, £478.1%111
WAL FREASEEACRE, Hb, Uz K= B i AL ik
SR 78.6% . 73.1%. 54.5%. 56.3%F125.8% T I R E AR AR, B4 1E T
FLARARA TS . K = AARFAICER . s P ER DL R BRI 5 Y 6.2% M TiT IR
B AR AR T BARTPIRE, BRI YT A iz B 30T R R s I 2 G 5 15.6% T 3R BN
R A, UK =MARE . KL E. o0 o mikE20RE, KR EREREEY
70.8% 7 1 5t B M 2 ™ F AR AR S L 18.8% Tl A I A A e AR B BAVIRE (B 6a); /K
JEH T AR BRASTE 59.4% 1 WU el ™ 2L . 13.6% RN B AR R B (Kl 6b);
23 ST A RIS TE 34.4% T U sl H A AL . 45.8% TR A R a AR A A (F
6¢); PRIRTEREAR S5 AR RS TE 57.3% T B R s ™ BB 2R . 30.2% i A A A % &A% .

1990—2020 4F- 2% 35 7 4 b X A= 2525 (B 25 5 AR O TE 71.9% 17 380 4k R M 2 A A2
7.3% R AHB RS TR AE B R4, 4.2% GBS INE, Rl R B R A
FER . I (B 7e) o MEATA: SRR R E , AR FEIRALLS AR 62.5% T I AR FE
A BRSNS, AE S G RN B4 5.2% 1T B M AR A TR, i AE s
EHEIRAEL 6. 3% TR BARS BT (B 7a) KBTI KERIE 37.5% T 48 4%
AR KT R ERAE 15.6% i I ACR S T M, 14.6% i35k h 22 4% 5T i 17
MBS EEA (B7b) . 23R B ARSI R P B8 . AR AR TR R . KT
H LR A 27 1% TR B RS B T, OB RV . K = MAARmER . i At
PR A i R R 45 35.4% 1T IR BRI AS B R s AR A Ay (B 7¢) o IRINITERE R 55
HRIRTE 47.9% T AERFR AL, 26.0% 0T M AEFF B A A, 83% AR SN, &
BT RS R, SRR AU E RS, M EOIR S A Ay
ARSI TR D, 05 1.0% (E7d).

4

4.1 it

ARICRGSTATT 1990—2020 FF 5 ST . K = BRI . i . K10k
KT R = A 25 ) e il AR S S ) i 25 AR AL A2, R T /KR IRAE S | KRR T .
23 ST R T AR DR i 8 A5 AR SR KA b 22 57 0 45 5 R S AR T B = A 2s (]
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Fig. 6 Distribution of ecological carrying capacity of ecological space in mega-urban agglomerations
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Fig. 7 Distribution of the change of ecological carrying capacity in mega-urban agglomerations in 1990-2020
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Spatio-temporal variation characteristics of ecological space and
its ecological carrying status in mega-urban agglomerations

WANG Shihao"?, HUANG Lin’, XU Xinliang', LI Jiahui*’

(1. State Key Laboratory of Resources and Environmental Information System, Institute of Geographic Sciences
and Natural Resources Research, CAS, Beijing 100101, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China; 3. Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic
Sciences and Natural Resources Research, CAS, Beijing 100101, China)

Abstract: The rapid urbanization of China's urban agglomerations in recent decades has
resulted in over- occupied ecological space and increased ecological pressure, which has
become an important factor restricting regional healthy development. This paper examines the
structure and distribution characteristics of "production-living-ecological" spaces of five mega-
urban agglomerations in China, namely, Beijing- Tianjin- Hebei (BTH), Yangtze River Delta
(YRD), Guangdong-Hong Kong-Macao Greater Bay Area (GBA), Chengdu-Chongqing (CY),
and the middle reaches of the Yangtze River (MYR), and analyzes the spatial and temporal
variation characteristics of ecological space and the influencing factors of its changes in 1990-
2020. Then it explores the comprehensive ecological carrying capacity of water resource
supply, water quality regulation, air quality regulation, and leisure and recreation space. The
results show that: (1) Urban agglomerations at different developmental stages present different
area ratios of the "production- living- ecological" spaces, living space expansion patterns
dominated by multi- center combination, and structure of ecological space including barrier
type, compact, discrete, and full enveloping type. (2) In the study period, the area of living
space in urban agglomerations increased significantly while the area of production space
decreased. The ecological space of all the urban agglomerations except the GBA increased. In
the last 10 years, the increase of ecological space accelerated significantly. The spatial structure
of "production- living- ecological" spaces and its characteristics of spatial and temporal
evolution indicate that the main functions of production and ecological space in mega-urban
agglomerations have shifted from supply to regulation and culture, and reflect the transition
from rapid urbanization to new sustainable urbanization in China. (3) The ecologically
overloaded cities in the BTH, YRD, GBA, CY, and MYR account for 78.6%, 73.1%, 54.5%,
56.3% , and 25.8% of the respective urban agglomeration. Water supply and water quality
regulation are the main factors that restrict the ecological carrying capacity of BTH and YRD,
while leisure and recreation services restrict the ecological carrying status of the GBA and CY
urban agglomerations. In the future, we need to pay attention to the conservation and rational
layout of ecological space to reduce the ecological pressure in urban agglomerations.
Keywords: mega- urban agglomerations; structure of "production- living- ecological" spaces;
ecological space; carrying capacity of ecological space; spatial and temporal differentiation



