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Evolving scaling dynamics between urban green space and population in China

from 2000 to 2020
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Abstract; As an integral component of urban systems, Urban Green Spaces (UGS) exhibit complex and multifaceted
interactions with the overall system. Current studies mainly focused on UGS characteristics, paying less attention to their
broader urban system patterns. Few studies explore the multi-dimensional features of UGS—such as scale, quality, and
distribution—and their non-linear spatiotemporal relationships with urban populations, including count, age, and gender.
Hence, from the perspective of complex systems, this study employs urban scaling theory to analyze the multi-dimensional
scaling relationship evolution between UGS and population in Chinese cities using multi-source remote sensing and
population data from 2000 to 2020. The characteristic calculations were performed, and further analysis was conducted to
consider scale effects and identify the spatiotemporal patterns of UGS performance. Our results indicate that over the past 20

years, the relationship between UGS and population in Chinese cities has exhibited a consistently robust sub-linear scaling
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relationship, reflecting the economies of scale. The green space scaling exponent steadily increased from 0.497 to 0.614, yet
it remains significantly below the theoretical value of 0.85, indicating a general insufficiency in the supply of UGS,
particularly for the elderly population aged 60 and above. Notably, there are significant differences in scaling characteristics
among cities with varying quality of green spaces, which deviate from the assumptions of urban scaling theory. The cities
with the highest green space coverage exhibit the most pronounced economies of scale, whereas the scaling characteristics of
cities with medium to high green biomass gradually converge. After accounting for the influence of scale effects, the overall
performance of UGS in China has shown a steady upward trend, accompanied by a significant clustering distribution pattern.
Specifically, the performance of green spaces increasingly exhibits a “high-high” clustering mode, particularly in the region
extending from the North China Plain to the Yangtze River Delta. Our research confirms the widespread presence of sub-
linear economies of scale in the evolution of UGS, as well as the spatiotemporal variations in scale economies and local
performance among different populations and cities. In the context of deepening aging and urbanization, this study provides a
decision-making basis for better meeting the needs of green space planning and construction in cities of varying scales and

population structures, thereby supporting the achievement of sustainable urban development goals.

Key Words: urban green space; urban scaling laws; scaling exponents; elderly population; system of cities
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Fig.2 Temporal evolution of the scaling relationship between urban green space and urban population during 2000—2020
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Table 1 Scaling exponent and multiple linear regression results of different population compositions and urban green spaces
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Fig.3 Temporal evolution of urban green space in coverage levels, scaling exponents, and scaling fitting
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0 I A A R L A bV i DX A v T R 2 AN e R I SRR 3T R VIV R I A SR MR A TR T 5 AT T
T, L RN B g i X A 3R T 7 SR b AL RE [ K 2 AR REIR B FUM K, eI T A2 18, v SR EJE AR M H
2005 4 LI, HER AL RE — BAERFAEAL /KO - o8 N RSB AE 2015 2 2020 4F ] i R A By €5, s
YTHEX BERA] P R B R B B, (HLAE 2010 4R 2245 B T — 2 Bl 3 ) M RN AR 5€ LA B R R 7E 2000 %
2015 4[] S AL BERIAA SR E] T 2020 AFEIA BT T ¥ 5 38 A7 — LE3k i 76 4 e Bsf 1) B3 P e 98 o 3 4 1Y)
SEHRLRE, 140 2000 2 2005 -9 &K 2010 AFE A6 2015 48 BTN AR HEE, DL 2000 41 & 165,
IEZ T AT A3 a0 L K R 38 L1 e o b X A3k T | 70 S i3 BE b 1) 26 900530 45 byt

230 3 NS (E TR R I T S bR RE 2 7] 4 S A AR AE (181 6) , LASIAE 3 2K B[] S 2K
22 18] 53 52 4B AR B 4 A TR T X SR G b RN BOR , DAARIE ST B B VT = A Y Hl X 3], 32 X 30
AR — 5 S AR A - RS S S TR T S bR A < rh s B A I, VT AR R R T U AA
JE AR AR TN AR S BUHCIR o0 A1, R A8 S DL RIS 7 o 8 3R BT 4R 30 4 bk vl i
LR B T WA T BT A S AR 0 0T A MK BB AL T AR K 5 AR b b DX S B R 2R AL AR Ak 3
{HAE 2015 % 2020 4F[], HB 533k T 0 2 M3 R s (IR SR AR U 18 R P e 3, 7EfEm L IX, 5 2000 % 2010 4F
FHEE 2015 28 2020 453 X Sk sk e SR R AE T 8 25 A1k, DR 0 < v v SR AN “ Ik — 1 S i -
RS BT, X — AR (L RE 2 B T S b AL e A2 IR 2 18 - 2 T, AR 7 T Jm 50 )2 1 b AR 1 B fE B

http ; //www.ecologica.cn



11128 JAE = 44 %

0 1000 km
L 1
X Gt SRR B
0.5 =
@ > LE_(‘
002505
0—025 &
-025—0 =&
® -0.5—-0.25 E
® <05 K

5 HMEEHXSMMEENNEEL
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Fig.6 Clustering pattern evolution of urban green space performance in China
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