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Abstract; The rational layout of green infrastructure (GI) is conducive to establishing a new model of green development of
the territorial space. Under the background of ecological civilization and high-quality development, it is significant to
explore the spatiotemporal dual-dimensional evolution pattern of GI in the long run. It could improve the quality of the
ecological environment, enhance the spatial governance of territorial space, and achieve the goal of carbon neutrality. This
study constructed a conceptual framework of GI that involved Cellular Automata-Markov ( CA-Markov ), Morphological
Spatial Pattern Analysis (MSPA) , and landscape pattern analysis methods to analyze the spatiotemporal dual-dimensional
analysis of Gl in the past, present, and future. We took the Beijing-Tianjin-Hebei urban agglomeration as the study area.
We first analyzed the spatiotemporal dual-dimensional evolution characteristics of GI from 2000 to 2020. Then we simulated
the future development in 2025 and 2030. Furthermore, we discussed the correspondence between the collaborative
development process and the pattern evolution of GI, and summarized the optimization insights of GI. The results showed
that; (1) from 2000 to 2020, the proportion of the GI area in the study area decreased from 90.82% to 86.60% , which
showed a downward trend year by year. The spatial distribution GI was dense in the northwest and sparse in the southeast.
The core area accounted for 57.04% to 65.93% of the whole GI, which also emerged as a decreasing trend year by year. The
core was mainly distributed in the northern, western, and northwestern parts of the study area. (2) From 2020 to 2030,
although the area of GI will decline slightly, the percentage of the core area will grow significantly (84.04% in 2030).
Other types of GI, such as bridge, edge, and loop, will have a smaller proportion of area. Spatially, these types will be
scattered among the core. (3) The acceleration of the collaborative development of urban agglomerations directly led to
fluctuations in GI’ s area, particularly in the substantial development period ( 2015—2020) and the accelerated
implementation period (2020—2025). (4) In the future, the improvement of the stability of the ecological network of GI in
the Beijing-Tianjin-Hebei urban agglomeration should focus on the area percentage of Gl in urban centers and the
connectivity in the southeast of the study area. Our framework provides technical support for the rapid realization of
inspection, assessment, and governance of GI. It also helps to establish a new green, low-carbon and sustainable

development mode in the Beijing-Tianjin-Hebei urban agglomeration.

Key Words: green infrastructure; spatiotemporal dual-dimensional evolution; predictive analysis; CA-Markov; MSPA;

Beijing-Tianjin-Hebei urban agglomeration
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1.3.1 CA-Markov
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Table 1 Types of GI and their ecological implications
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Table 2 Implications and calculation formula of the area change and landscape pattern measurement index of GI
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Single rate of change index
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Fig.2 Land use distribution map for 2025 and 2030
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Table 3 Area and proportion of various types of GI in Beijing-Tianjin-Hebei from 2000 to 2030

Heli e BL EER m% S mE 5 shr O RIETR
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(57.04%) (20.54%) (10.70%) (6.56%) (0.09%) (2.83%) (2.24%) (86.60%)
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Table 4 Single and comprehensive change rate index of various types of GI in Beijing-Tianjin-Hebei urban agglomeration from 2000 to 2030
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¥ AEARy Single rate of change index e/ %
Data Year AN a % I RN 7 AL Composite rate of

Core Branch Edge Islet Bridge Loop Perforation change index
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(D7 BR) 2005—2010 -0.19 0.94 -0.20 7.77 0.26 -0.12 0.58 0.14
Remote sensing monitoring 2010—2015 -0.22 1.29 -0.08 -0.12 0.44 0.08 -0.13 0.18
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TR (RAR) 2020—2025 8.11 -9.33 -14.14 2199  -19.28 -0.34 5.16 4.14
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Table 5 Landscape pattern index of GI of Beijing-Tianjin-Hebei urban agglomeration from 2000 to 2030

AE4Y Year PD LPI SPLIT SHDI SHEI
2000 0.0731 38.6623 4.4967 1.2388 0.5957
2005 0.0730 38.6959 4.5215 1.2401 0.5963
2010 0.0738 38.6992 4.5473 1.2435 0.5980
2015 0.0745 38.7098 4.5611 1.2461 0.5992
2020 0.0864 45.5810 4.0006 1.2877 0.6192
2025 0.0244 46.9571 2.7550 1.0014 0.4816
2030 0.0220 46.3279 2.7716 0.9816 0.4721
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Fig.6 Indicator change of GI in the process of synergistic development of Beijing-Tianjin-Hebei urban agglomeration
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