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Evolution analysis of regional social-ecological systems based on adaptive cycle

theory and Pressure-State-Response framework

LI Kexin, HU Hong ", ZHAO Huimin
School of Architecture and Urban Planning, Nanjing University, Nanjing 210093, China

Abstract; Since the 21st century, human activities such as the rapid expansion of metropolitan area have posed a threat to
the sustainable development of regional social-ecological system. The analysis of the operation mechanism of regional social-
ecological system based on the perspective of dynamic evolution has attracted much attention. From two different scales of
region and city, combined with the adaptation cycle theory and Pressure-State-Response ( PSR) framework, this study
analyzes the interactive adaptation cycle stages of 10 urban social-ecological systems in Nanjing metropolitan area and
Nanjing metropolitan area in last 20 years, as well as the differential stress response mechanism of each stage system. This
study decomposes the social-ecological system into social subsystem and ecological subsystem, and identifies the stage of the
system through the change characteristics of social subsystem, ecological subsystem and social-ecological system
adaptability. The results show that from 2000 to 2019, the whole social-ecological system of Nanjing metropolitan area has
experienced three adaptation cycles, the time of adaptation cycle increases in turn, the overall adaptability of the system
showed an upward trend, and the rising stage of adaptability exceeds 80% of the whole stage, which indicate that the overall
development of Nanjing metropolitan area has been good in the past two decades. The interactive adaptability of social-
ecological system is gradually rising in a cycle. However, during this period, the adaptability of the ecosystem subsystem
has declined for many times, resulting in the instability of the whole system, which is also the main reason for the system

entering the release phase. At the same time, in the past years, the social subsystem and ecological subsystem of the
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metropolitan area have not been coordinated. At present, metropolitan areas are in the rapid growth stage of a new round of
adaptation cycle. The trend of rapid growth will last for some time, and then the growth rate will slow down and enter the
stage of long-term stable development. At the urban level, the development of the ten cities in the metropolitan area also has
the characteristics of adaptive cycle, but the development stages of urban social-ecological system are different. The
adaptability of ecological subsystems in almost all cities fluctuated greatly, which caused a long-term negative impact on
cities. Due to the sacrifice of ecological and environmental benefits in pursuit of rapid social and economic growth, the
disharmony between the development of ecological subsystem and social subsystem in most cities is very obvious.
Summarizing the development characteristics of 10 cities in Nanjing metropolitan area in the past 20 years, they can be
divided into four types: stable growth type, fluctuating growth type, unbalanced development type and ecological crisis type.
In the future, differentiated social-ecological systems governance strategies need to be adopted to ensure the overall optimal

development of the metropolitan area.

Key Words: Social-Ecological systems; adaptive cycle; Pressure-State-Response framework; evolution; Nanjing
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F1 HREIERIE(2000—2019 4F)
Table 1 Research data sources (2000—2019)

A5 Data type

B KR Data sources

A4 AQIY #df& Monthly average AQI data
AR EAE Monthly average temperature data
A5 /% K BdE Monthly average precipitation data

85 = FR KB & (hitp ://www.envicloud.cn/ )

AR R TR B3R Annual maximum temperature grid data WorldClim 4 %2 (http ;//www.worldclim.org/ )

TR HERC S Carbon emission data
AEFE NDVI HIHE 5 Annual NDVI grid data

2B B Socio-economic data

Hp R A% R 2 (hitps : // www.ceads.net.cn/ )

AW G ARG AR

BTG % H R ILREEEE 0 (hitp :// data.cma.cn/)
HIWH g% E R GRS L (htp /7 data.cma.cn/)

[ RBl2F e B2 5 IR A 5T BT (https : //www.resdc.cn/Default.aspx )

AQL 2 I BT F5 4L Air quality index; NDVI: JH—4bLAE 454X Normalized difference vegetation index
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Table 2 Social-ecological system adaptability evaluation system based on PSR framework
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Table 4 Classification and characteristics of cities in Nanjing metropolitan area
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Table 5 Changes of some key indicators (2011—2013)
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Fig.7 Evolution dynamics of social and ecological subsystems in Nanjing metropolitan area
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Table 6 Average change rate of sub dimension score of social ecological adaptability in Nanjing metropolitan area

Social subsystem Ecological subsystem Social-ecological system
p S R p S R P S R
PLdHE K Growth or exploitation(y) 0.351 0.596 0612  -0.129  0.498 1.844 0.304 0.459 0.385
Fasi FHH Conservation(K) -0.095 0.191 0491  -0.239  0.027 0.549 0.112  -0.211 0.194
FEHL Collapse or release( Q) 0.108 0036  -0.099  -0.197 -0360  -0.278  -0.055  -0.295  -0.104
4] Reorganization( o) 0.078 0.106 0.204 0.180  0.106 0.245 0.123 0.098 0.096
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Fig.8 Adaptive evolution dynamics and cycle of social-ecological system in Nanjing metropolitan area
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