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Specifically, we intended to analyze the impacts of 
urbanization and related policies on the spatial pat-
terns, temporal trends, shortfalls, and complex nexus 
of the different dimensions of SJS across scales in 
China.
Methods  We apply the SJS framework, which inte-
grates eight environmental ceilings and seven social 
justice foundations, to examine China’s urbanization, 
socioeconomic dynamics, and institutional changes, 
as well as their impacts on sustainability at multiple 
spatial scales. Segmented regression and correlation 
analysis were used to analyze the relationship of SJS 
with landscape urbanization and governance across 
China.
Results  Since the implementation of China’s West-
ern Development Plan, China has faced increasing 
challenges of overshoots in CO2 emissions, phospho-
rus and nitrogen loading, ecological footprint, and 
material footprint on a per capita basis. However, our 
analysis showed that, by 2015, China met nearly all 
basic social justice needs. The pattern of SJS showed 
geospatial gradients of increasing social justice 
(except material footprint), multi-footprints, and CO2 
from eastern to central, northeastern, and western 
regions, and from developed to developing provinces. 
The tradeoffs between social justice, environmen-
tal safety, and regional equality remain pronounced 
across heterogeneous landscapes with different levels 
of urbanization. The western region’s material foot-
print expanded enormously, but mainly for consump-
tion in the eastern region of China.

Abstract 
Context  China’s high-speed economic develop-
ment was accompanied by rapid urbanization for 
forty years, guided by a series of changing policies 
enacted by the central government. However, did 
China become more sustainable both economically 
and environmentally? Or more specifically, did it 
operate within or towards a safe and just space (SJS)? 
Although numerous relevant studies exist, these 
questions have not been adequately addressed, and a 
multi-scale landscape perspective is needed.
Objectives  The main objective of this study was to 
examine China’s urbanization trends, associated insti-
tutional changes, and their impacts on the nation’s 
sustainability trajectory during the past four decades. 
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Conclusions  China’s development in the past four 
decades is characterized by enormous economic 
growth, rapid urbanization, much improved living 
standards, highly fragmented landscapes, and increas-
ing environmental problems. To promote sustainabil-
ity, China should continue to implement the strategy 
of high-quality development and promote ecological 
civilization. Regional landscape-based approaches are 
needed to explicitly recognize geospatial heterogene-
ity and disparities, and better understand the urban-
ization-governance-landscape nexus for promoting a 
safer and more just China.

Keywords  Safe and just space (SJS) · 
Urbanization · Governance · Landscape · 
Sustainability

Introduction

The biosphere has been profoundly transformed by 
increasing human activities as the earth enters the 
Anthropocene (Steffen et  al. 2015; Rockström et  al. 
2021). Poverty, unemployment, housing shortage, 
urban/rural slums, water scarcity, health hazards, 
waste disposal, transportation problems, and urban 
crimes obstruct social justice and sustainability. 
To promote global sustainability, Reworth (2012) 
combined the planetary boundaries (Rockström 
et  al. 2009) and social foundations to develop the 
doughnut-shaped ‘Safe and Just Space’ (SJS) frame-
work, which integrates the targets of a safe environ-
ment and the goals for social justice. O’Neill et  al. 
(2018) downscaled the planetary boundaries to the 
national level and found that none of the more than 
150 nations under study could meet its people’s basic 
needs at a globally sustainable level of resource 
use. The situation has gotten worse in recent dec-
ades (Fanning et  al. 2022). Rockström et  al. (2021) 
recently proposed a “safe and just corridor” frame-
work to facilitate further the integration of the “safe” 
and “just” targets and help achieve the Sustainable 
Development Goals (SDGs) at sub-global scales.

Urbanization is usually both a driver and a con-
sequence of economic development, which plays an 
important role in human-environmental systems’ 
transition toward sustainability on multiple scales, 
as demonstrated in China during recent decades (Bai 
et  al. 2014; Wu et  al. 2014; Bian et  al. 2021). By 

2030, the global urbanization level is expected to be 
over 60%, and urban landscapes will increase by 1.2 
million km2 worldwide, resulting in a considerable 
loss of biodiversity and natural vegetation (Seto et al. 
2012). Urban areas produce over 75% of the world’s 
GDP, but also are responsible for 70% of global 
greenhouse emissions and energy demand (Elmqvist 
et  al. 2019; Krueger et  al. 2022). Hence, urban 
regions have been widely recognized as critical places 
to fight against climate change, environmental risk, 
and social injustice and inequality (Keivani 2010; UN 
2020; Bian et al. 2021; Wiedmann and Allen 2021). 
Importantly, governance plays a key role in achieving 
urban sustainability through laws, policies, and devel-
opment and conservation plans. To address the inter-
actions among urbanization, governance, and sustain-
ability, several regional-scale approaches have been 
proposed in recent decades, such as the integrated 
landscape approach (Sayer et  al. 2013), land system 
science (Verburg et al. 2013, 2015; Turner et al. 2003, 
2007 and 2021), and landscape sustainability science 
(Wu. 2013, 2021). These approaches provide spa-
tially explicit, context-specific frameworks that can 
help mitigate tradeoffs and foster synergies between 
environmental safety and social justice by focusing on 
regional landscape scales.

As the world’s second-largest economy, China 
has experienced unprecedented urbanization and 
economic growth during the past four decades, with 
enormous changes in socioeconomic equality and 
urban landscape patterns (Fang et  al. 2018; Kuang 
2020). Meanwhile, China has increasingly been 
faced with environmental pressures, unsustainable 
consumption, and increasing vulnerabilities to natu-
ral disasters. To meet these challenges, China needs 
to continually improve urban resilience and sustain-
ability by identifying the shortfalls of SJS at multi-
ple administrative levels, understanding the complex 
interactions of SJS targets across scales, and pro-
moting the synergy among the SJS targets. Towards 
this end, Chinese scientists are making significant 
research advances, including (1) observing, moni-
toring, and modeling urban sustainability using big 
earth data (Lu et  al. 2015; Gao et  al. 2021; Huang 
et al. 2021); (2) understanding the causes, processes, 
and consequences of landscape urbanization (Bai 
et al. 2014; Bian et al. 2021); (3) advocating adaptive 
landscape governance and planning through insti-
tutional reforms and policy initiatives (Bryan et  al. 
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2018; He et  al. 2018). However, it remains unclear 
how urbanization, economic development, and insti-
tutional changes (or governance) interact on different 
scales and what kinds of tradeoffs and synergies exist 
among sustainability targets. Addressing these ques-
tions is imperative for China’s sustainable develop-
ment in the future.

The main goal of this study, therefore, was to 
systemically examine the trends, shortfalls, spatial 
patterns, and complex interactions of SJS targets in 
China during the past 40 years from an urbanization-
governance-landscape nexus perspective. Using a set 
of urbanization and sustainability indicators of SJS 
(O’Neill et  al. 2018; Fanning et  al. 2022), the study 
had the following three specific objectives: (1) To 
quantify the long-term trajectories of China’s national 
sustainability during rapid urbanization and a series 
of governance events from 1978 (the beginning of 
Reform and Opening-Up) to 2020; (2) To assess the 
shortfalls and spatial pattern of China’s SJS across 
multiple administrative levels; (3) To analyze the 
tradeoffs and synergies among the SJS targets; (4) 
To advocate a safer and more just future for China by 
promoting a landscape sustainability-based approach 
that closely links SJS, governance, urbanization, and 
biophysical landscapes.

Methods

Quantifying developmental phases

To analyze the spatiotemporal patterns of, and rela-
tionships among, urbanization, governance, and sus-
tainability measures in China, we first examined if 
there were distinct developmental phases from 1978 
to 2020. Urbanization was represented by demo-
graphic urbanization levels (% urban population and 
total urban population) and landscape urbanization 
(built-up area). We reviewed more than 20 national 
policies and development programs that were focused 
on demography (e.g., the One Child Policy in 1979), 
regional development (e.g., China’s Western Devel-
opment Plan in 2000), economy (e.g., the Establish-
ment of the Socialist-Market Economic System in 
1992), and environment (e.g., ecological restoration 
programs). Based on the long-term trends of several 
environmental and socioeconomic variables (Fig. 1), 
we attempted to identify different developmental 

phases using the change point detection method 
(Aminikhanghahi and Cook 2017) and segmented 
regression models (Toms and Lesperance 2003), with 
consideration of governance objectives (Bryan et  al. 
2018), urban transitions (Bai 2008), and progress 
towards SDGs (Lenzen et al. 2022). Four phases were 
identified: 1978–1983, 1984–1999, 2000–2013, and 
2014–2020. Within each phase, linear regression was 
used for analyzing the relationships of the indicators 
of sustainability (e.g., EF and HDI) to urbanization 
levels, as well as the influences of policy objectives 
and urbanization on national sustainability over time.

Assessment of China’s safe and just space on 
multiple scales

The safe and Just Space (SJS) concept integrates envi-
ronmental ceilings (i.e., planetary boundaries) and 
social foundations (i.e., food, water, energy, housing, 
and education) to define a safe and just space within 
which humanity can sustainably live (Raworth 2012). 
This study was focused on the following environ-
mental ceilings all of which are related to the United 
Nations’ Sustainable Development Goals (SDGs): 
CO2 emissions per capita (SDG 13: climate action), 
cumulative CO2 emissions (SDG 13), phosphorus and 
nitrogen loading (SDG 2: zero hunger; SDG 6: Clean 
water and sanitation; SDG 14: life below water), eco-
logical footprint per capita (SDG 12: responsible con-
sumption and production; SDG 14; SDG 15: life on 
land), material footprint per capita (SDG 12), land 
use changes (SDGs 13 and 14), and blue water foot-
print per capita (SDG 6: clean water and sanitation). 
To assess climate change, we consider both CO2 
emissions per capita and cumulative CO2 emissions. 
We also accounted for biogeochemical flows, includ-
ing the nitrogen and phosphorus cycles. The transfor-
mation of land systems and freshwater resources is 
evaluated using the human appropriation of net pri-
mary production (HANPP) and the blue water foot-
print. Moreover, we used ecological and material 
footprints as metrics to quantify human demand for 
natural resources and the allocation of extracted raw 
materials to meet an economy’s demand (Fig. 2). To 
assess environmental safety, we utilized the down-
scaled thresholds defined by O’Neill et  al. (2018) at 
the per capita level (Supplementary Table  1). If an 
environmental indicator’s value falls below 0.8, it is 
considered “Safe”; if it falls between 0.8 and 1, it is 
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considered “Potential Risk”; and if it exceeds 1, it is 
considered “Risk” (Fig. 2).

Social foundations represent social justice bench-
marks, encompassing the multiple facets of objective 
well-being, including nutrition (NU), education (ED), 
employment (EM), access to energy (EN), equal-
ity (EQ), income (IN), and healthy life expectancy 
(LE). These indicators are also aligned closely with 
SDGs, including zero hunger (SDG 2), good health 
and well-being (SDG 3), quality education (SDG 4), 
no poverty (SDG 1), reduced inequality (SDG 10), 
and affordable and clean energy (SDG 7). The SJS 
boundaries adopted are downscaled at both the per 
capita and national scales, as defined by O’Neill et al. 
(2018) (for specific threshold details, please refer to 
Supplementary Table 1). For socio-economic indica-
tors, values between 0 and 0.8 are categorized as “dis-
parity”; those between 0.8 and 1 as “increasing jus-
tice”; and values reaching 1 as “just” (Fig. 2B). For 
the indicators of SJS at the provincial (31 provinces 
in mainland China, excluding Hongkong, Macau, and 
Taiwan) and regional scales (i.e., western, northeast-
ern, central, and eastern China), the values are nor-
malized to the range between -1 to 1. Negative val-
ues indicate relatively higher levels of environmental 
safety but relatively lower levels of social justice, 
whereas positive values denote higher levels of social 
justice but higher environmental risks (Fig. 3).

China’s sustainability trajectories 
under urbanization and governance on multiple 
scales

Since the Reform and Opening-up Policy in 1978, 
China experienced enormous changes in the envi-
ronment, socioeconomic conditions, and landscape 
patterns, driven by rapid urbanization and a series 
of problem-oriented and priority-based governances 
in different stages (Fig.  1). From 1978 to 2020, 
China’s urbanization level increased from 18.92 to 
61.43%, urban population from 171 to 861 million, 
built-up areas from 1.94 × 104 to 24.53 × 104 km2, 
GDP per capita from US$149.54 to US$14,723, 
HDI from 0.41 to 0.76, education index from 0.34 
to 0.65, health Index from 0.73 to 0.87, and income 
index from 0.28 to 0.76. These impressive socio-
economic developments had enormous environmen-
tal consequences. For example, during 1978–2020, 

the average temperature of China rose from 9.01 to 
10.48 ℃, EF per capita increased from 1.31 to 3.71 
hm2, and CO2 emission per capita from 1.46 to 7.41 
metric tons.

Changes in national policies, development pro-
grams, and other governance-related factors were 
main drivers for China’s rapid economic growth, 
urbanization, and landscape transformations across 
the country, together affecting its sustainability tra-
jectory during the past four decades (Fig.  1). Our 
analysis, using the change point detection method 
and the segmented regression between urbaniza-
tion and sustainability-related indicators, revealed 
that China’s development could be divided into four 
phases: 1978–1983: Phase I—the start-up phase, 
1984–1999: Phase II—the regulation and restoration 
phase, 2000–2013: Phase III—the take-off phase, and 
2014–2020: Phase IV—the adaptive planning phase 
(Fig. 1 and Supplementary Table 1).

Driven by the ‘Reform and Opening-up Policy’ 
(1978), during Phase I China began to focus on 
socioeconomic development as the national priority. 
Moderate urbanization rates in this stage (rising from 
18.92% to 21.62%) were due largely to the household 
registration system, restricting rural residents from 
moving to cities. The urban development policy of 
Phase II changed from ‘strictly controlling the scale 
of large cities, rationally developing medium cities, 
and actively developing small cities and towns’ to 
‘coordinated development of the large, medium, and 
small cities’, macro-regulated by the urban planning 
law (1990) (Fig. 1) (Bai et al. 2014; Fang. 2018). In 
the late 1990s, China suffered a number of disasters, 
such as drought along the Yellow River Basin (1997), 
flooding along the Yangtze River Basin (1998), and 
severe dust storms in northern China (2000), all of 
which were attributed to ecosystem destruction and 
unsustainable landscape management (Bryan et  al. 
2018). Then, the central government initiated a series 
of policies and programs of ecological restoration to 
combat climate change impacts, deforestation, eco-
system degradation, and overcultivation on sloping 
land in the late 1990s, such as ‘The National Land 
Consolidation Program’ (1997), ‘National Forest 
Conservation Consolidation Program’ (1998), ‘Grain 
for Green Program’ (1999), and other national eco-
logical projects (Bryan et al. 2018). During Phase II, 
China’s forest area increased from 16.67 to 23.34%, 
and the number of nature reserves increased from 
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34 to 2750 (the total area grew from 1.26 × 104 to 
147.33 × 104 km2) (Fig. 1).

After the ‘Western Development Plan’ (2000), 
China entered into the take-off phase (i.e., Phase 
III: 2000–2013), with the priority of developing the 
inland regions, followed by ‘The Rise of Central 
China Plan’ (2004), ‘Northeast Area Revitalization 
Plan’ (2004), and ‘Targeted Poverty Alleviation Pro-
gram’ (2013) (Fig. 1). Driven by these strategies and 
large-scale urbanization, China’s wealth soared, but 
environmental pressures also built up quickly, result-
ing in resource overexploitation and extensive land-
scape fragmentation and degradation. ‘Ecological 
Civilization’ (2005) and ‘Carbon Neutrality’ (2020) 
have been prioritized for promoting national sus-
tainability in Phase IV, the adaptive planning stage 
(2014–2020). China established the Pioneering and 
Demonstration Belt for Ecological Civilization—the 
Yangtze River Economic Belt (YEB) (2014) to alle-
viate the risks of ecosystem degradation and climate 
change in China’s longest river. To help mitigate cli-
mate change, China has promised to reach its carbon 
peak by 2030 and achieve carbon neutrality in 2060 
(Fig. 1). ‘New-Type Urbanization’ (2014) in particu-
lar provided another impetus to develop green GDP, 
improve human well-being, and increase urban resil-
iency through innovative technologies, adaptive plan-
ning, and integrated management. The positive con-
sequences of these policy interventions in improving 
the environment and society were still time-lagged 
and on a limited scale, requiring more research and 
extensive cooperation between multiple sectors in the 
future.

China’s safe and just space at multiple scales

China faces tremendous challenges to achieve high 
levels of human well-being for 914.25 million urban 

and 598 million rural inhabitants, while simulta-
neously improving environmental safety. From a 
global perspective, the world is faced with similar 
challenges, transgressing environmental boundaries 
faster and earlier than achieving social justice goals 
(Fig.  2B-1 and B-2). In 2020, China transgressed 
environmental ceilings in terms of CO2 emissions, 
nitrogen and phosphorus loading, material footprint 
(MF), and ecological footprint (EF) at the per capita 
level, while cumulative CO2 emissions, blue water, 
and land-use change were all within the environmen-
tal ceiling (Fig.  2A). Comparatively, China’s envi-
ronmental risk was about 1/3–3/5 of G20 and EU-28, 
but with high levels of social justice per capita (about 
90%) in terms of ED, NU, and EQ (Fig. 2A). Never-
theless, China achieved almost all the targets of social 
justice (except EQ) on a per capita basis by 2015 dur-
ing the adaptive planning stage. Urbanization and 
governance-related changes may have contributed to 
these transformations.

The prominent challenges  in terms of the national 
SJS changed from low levels of social justice to over-
shooting  the boundaries of environmental safety over 
the past four stages, especially after Phase III (Fig. 2B 
and C). During Phase I, CO2 emissions per capita did 
not overshoot the environmental ceiling, with an aver-
age value of 96% threshold. Meanwhile, EQ, IN, and 
LE per capita were at 44–96% levels. During Phase 
III, encouraged by a series of regional development 
strategies (e.g., the Western Development Plan, the 
Rise of Central China Plan, and the Targeted Poverty 
Alleviation Program), GDP per capita experienced 
an 11-fold increase (Fig.  1), poverty ratio decreased 
from 26.9% to 0, and the ratio of secondary school 
enrollment increased from 60.3 to 90%. However, 
during this period, EF per capita almost doubled, ris-
ing from 219 to 399%. Both CO2 per capita and MF 
tripled, increasing from 166 to 458% and from 90 
to–270%, respectively, with only phosphorus loading 
relatively stable but still overshooting the environ-
mental ceiling (260–290%) (Fig.  2B and C). In the 
adaptive planning stage, although the environmental 
risk increased continuously, their increasing ratios of 
overshoot environmental indicators decreased. EF per 
capita decreased from 453 to 255%, maybe indicative 
of the beginning of a transformation from extensive 
development to high-quality development.

Across China, the more developed provinces in 
eastern China had higher levels of social justice (i.e., 

Fig. 2   Environmental safety and social justice in China dur-
ing 1978–2020, represented by Safe and Just Space (SJS) on 
a per capita basis. A The shortfalls of SJS in 2011, B Changes 
in the SJS of China during the four phases, and C Temporal 
dynamics of environmental risks and social justice from 1978 
to 2020. The environmental ceiling and social foundation of 
SJS per capita were defined by O’Neill et al. (2018) and Fan-
ning et  al. (2022). The original data were compiled from the 
University of Leeds, the World Bank, the IFA, the State Statis-
tical Bureau of the PRC, and Jiang et al. (2019a, b)

◂
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LE, IN, EM, ED) but lower levels of environmental 
safety (i.e., CO2 emissions, phosphorus and nitrogen 
loading, EF) than the less developed provinces in 
central, northeastern, and western regions of China 
in 2010 (Fig.  3). For environmental safety, MF had 
almost the opposite pattern as compared to other 
footprints and CO2 emissions. The less developed 
provinces in western China (e.g., Inner Mongolia, 
Qinghai, Ningxia, and Shaanxi) had higher MF levels 
than the more developed provinces in eastern China 
(e.g., Shanghai, Beijing, and Tianjin). In addition, 
WF was higher in Xinjiang, Inner Mongolia, Gansu, 
Ningxia, Beijing, and Tianjin (Fig. 3). For social jus-
tice, NU, EN, and EQ exhibited the lowest level of 
heterogeneity among the indicators of SJS in the 31 
provinces, and all met the basic thresholds of social 
justice. Although China implemented the nine-year 
compulsory primary and secondary education pol-
icy throughout the nation, eastern China had higher 
education enrollments, more investments, and better 
infrastructure than the other regions (Fig. 3).

China is faced with a number of sustainability 
challenges similar to those of other developing coun-
tries around the world. O’Neill et al. (2018) and Fan-
ning (2022) found that most countries exceeded the 
per capita thresholds for environmental boundaries, 

particularly CO2 emissions per capita for which 
66% of countries exceeded the limit. Additionally, 
55% of countries overshot in terms of EF, phospho-
rus and nitrogen loading, land use change, and MF. 
In addition, nations tend to increase environmental 
risks faster than improve social justice. Furthermore, 
by applying a decision-based method to downscale 
the SJS framework for assessing the sustainability 
of South Africa, Cole et al. (2014) identified several 
risks in biodiversity loss, WF, carbon emissions, 
safety, IN, and EM, thus underscoring the utility of 
the SJS in informing national policies at national 
scale.

The SJS‑urbanization‑governance‑landscape 
nexus across scales

Tradeoffs and synergies within the 
SJS‑urbanization‑governance‑landscape nexus

China’s governance systems, urbanization, and land-
scapes are closely interconnected with one another, 
which together determine the targets and thresholds 
of environmental safety, social justice, and drivers 
for sustainability across scales. We simplified the 
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complex SJS-urbanization-landscape nexus by distin-
guishing the synergies and tradeoffs among SJS tar-
gets, urbanization, and landscape transformations to 
derive practical suggestions for integrated and syner-
gic governance. Pearson correlation coefficients were 
selected to examine the synergies and tradeoffs at 
the national, regional, and provincial scales (Fig. 4). 
For China as a whole, the elements of environmen-
tal safety and social justice showed obvious tradeoffs 
during the past 40 years as the urbanization level and 
landscape urbanization rapidly increased, such as 
improving income and reducing CO2 across national, 
regional, and provincial scales (Fig.  4A-2, B-2, and 
C-2). Meanwhile, these two sets of sub-targets were 
closely related, such as the footprint family indicators 
(e.g., ecological footprint, blue water footprint, nitro-
gen footprint, and material footprint), and indicators 

related to social justice (e.g., HDI, income, as well as 
health life expect) (Fig. 4A-1).

Our results show that, during the past 40  years, 
China’s rapid urbanization and economic growth, 
as well as human well-being improvements, were 
accompanied with equally rapid expansion of foot-
prints in terms of carbon emissions, phosphorus and 
nitrogen loading, resource consumption, and envi-
ronmental pollution (Fig.  4A-1 and A-2). This was 
especially true for carbon and ecological footprints 
(Fig.  2B-1 and B-2). The decoupling between envi-
ronmental safety and social justice has not happened 
on a national scale in China (Lu et al. 2019). Govern-
ance has always aimed at reducing tradeoffs between 
social justice, environmental safety, and improving 
environmental resiliency through the cooperation of 
stakeholders, the public, and scientists from multiple 

Fig. 4   Tradeoffs and synergies among the targets of Safe and 
Just Space (SJS) and urbanization at the national (A-1 and 
A-2), regional (B-1 and B-2), and provincial (C-1 and C-2) 

scales. UL Demographic urbanization; LU Landscape urbani-
zation; IN Income index; CO2 CO2 per capita; P Phosphorus; 
and N Nitrogen
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sectors and scales (Bowen et al. 2017; Alcamo et al. 
2020). Among the policies, ‘Targeted Alleviation 
Program’ (2013) has achieved significant success in 
elevating rural human well-being through ecologi-
cal restoration in some regions of China, such as the 
Karst landscapes in southwestern China (Wang et al. 
2019).

Kroll et al. (2019) found notable synergies among 
the SDGs that are related to targets of social justice, 
such as income (SDG1: poverty alleviation), health 
life expects (SDG3: ensuring healthy lives and pro-
moting well-being), access to energy (SDG7: afford-
able and clean energy), employment (SDG8: decent 
work and economic growth), and infrastructure, 
innovation, and industrialization (SDG9:). However, 
tradeoffs were inevitable among cities and communi-
ties (SDG11), just, peaceful, and inclusive societies 
(SDG16), and climate action (SDG13) (Kroll et  al. 
2019). Fuso Nerini et al. (2018) also reported trade-
offs between access to energy (SDG7) and the need 
for renewable resources reducing the footprint, and 
advocating integrated pathways that consider social 
justice (Sovacool and Dworkin 2014). To achieve sus-
tainability across scales, social justice should be max-
imized, while reducing human consumptions (e.g., 
ecological footprints) through effective governance 
and improving local and regional self-sufficiency 
(Dorninger et al. 2017).

Synergies between mitigating material footprint, 
social justice, and urbanization

At the regional and provincial scales, synergies were 
observed between the reduction of MF, improvement 
of social justice (e.g., HDI and income index), and 
urbanization (Fig. 3 and Fig. 4 B-1 and C-1). Seem-
ingly, in some more developed provinces, MF and 
socioeconomic improvement were decoupled to a 
large extent, probably attributable to various forms of 
environmental governance. For example, more devel-
oped provinces tend to reduce their material extrac-
tion through domestic and international trade with 
less developed provinces and countries (Wiedmann 
et al. 2015). Jiang et al. (2019a, b, 2022) also reported 
spatial synergy between the reduction of MF and soci-
oeconomic improvement, as the northwestern region 
with low levels of urbanization and income (e.g., Xin-
jiang, Inner Mongolia, and Qinghai) exported a large 
amount of raw materials (e.g., fossil fuels, biomass, 

and non-metal) to the eastern provinces which had 
the highest levels of urbanization and social justice 
(e.g., Beijing, Shanghai, and Guangdong).

Based on our analysis, the trajectory of China’s 40 
years of development across national, regional, and 
provincial scales is aligned with the concept of weak 
sustainability (i.e., allowing for substitution between 
natural and manufactured capital), making it difficult 
to adhere to the principles of strong sustainability 
(i.e., natural capital is not substitutable) about SJS 
(Neumayer 2003; Pelenc and Ballet, 2015; O’Neill 
et  al. 2018). In the absence of domestic and inter-
national trade, the tradeoffs between environmental 
safety and social justice, as well as the preference 
for weak sustainability, are amplified in developed 
regions and urban landscapes in China compared to 
developing regions and rural/natural landscapes. In 
the long term, the strong sustainability perspective is 
needed, and landscape approaches can help achieve 
that goal.

The SJS‑urbanization‑governance‑urban landscape 
nexus in China

Scaling-down per capita overshoot in the environmen-
tal ceiling from global to national scales is necessary 
(O’Neill et al. 2018; Fanning et al. 2022) because of 
the geospatial heterogeneity of environmental and 
socioeconomic conditions across regions that include 
urban, rural, and natural landscapes. Landscapes 
result from the interactions between human activities 
and the natural environment, representing a core oper-
ating scale for achieving SJS targets through design, 
planning, and management (Sayer et  al. 2013). This 
is particularly pronounced in urban landscapes, where 
the dynamics of SJS, urbanization, and governance 
are intricately intertwined across temporal and spatial 
scales. This integration is a result of the agglomera-
tion of population, resource consumption, and fluxes 
of natural and material capital from distant places 
facilitated by complex transportation networks (Ken-
nedy et al. 2011).

We used the regression analysis and segmented lin-
ear regression to analyze the long-term dynamics of 
the complex SJS-urbanization-governance-landscape 
nexus using urbanization, EF, income index, and HDI 
as indicators (Fig.  5B). The relationship between 
landscape urbanization and EF per capita fit the 
left part of an Inverted-U shape (i.e., environmental 
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Kuznets curve) (p < 0.05), and segmented linear 
regression revealed three separation points (i.e., 1983, 
1999, 2013). The relationship of landscape urbani-
zation with HDI and income index exhibited power-
law relationships in the past four decades (Fig. 1 and 
Fig. 5 B). During the four phases, governance regu-
lated the urbanization-SJS-landscape nexus through 
controlling the speed and scale of landscape urbani-
zation: Low speed (Phase I: < 0.05% built-up area)-
increasing speed (Phase II: < 1% built-up area)-high 
speed (Phase III: < 2% built-up area)-decreasing 
speed (Phase IV: < 4% built-up area). Meanwhile, the 
environmental risks and social justice also changed 
(Fig. 5 B).

Based on our study, China’s SJS exhibited some 
degree of synchronicity with the temporal dynamics 
of landscape urbanization (Fig. 5A and B), indicat-
ing that the spatial complexity of the relationship 

between urbanization and SJS at the national level 
can be simplified hierarchically through the analy-
sis of urban landscapes (Fig. 4 and Fig. 5B). Previ-
ous studies that downscaled SJS to landscape scales 
(e.g., CO2, EF, GDP) (Duren et al., 2012;  Wang and 
Sun 2022 Hori et al. 2023) also found highly posi-
tive spatial correlations between indicators of land 
use, footprints, and social justice. The overall spa-
tial pattern of SJS (e.g., EF per capita, CO2 per cap-
ita, LE, EQ, and IN) of China is characterized by an 
east–west gradient, interwoven with the urban hier-
archies (Fig. 5A). Further studies should focus more 
on modeling and analyzing SJS on finer resolutions 
in a spatially explicit manner. This should integrate 
landscape sustainability science, remote sensing, 
and various downscaling models of SJS, benefit-
ing the identification of place-based and problem-
driven challenges, and facilitating scientific and 
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adaptive design, planning, and management (Hori 
et al. 2023; Miller et al., 2013).

Planning for a safer and more just future

To plan for a safer environment and more just society, 
a convergence science perspective is needed (Lobo 
et  al. 2021), which integrates diverse disciplines, 
including economy, economic geography, regional 
sciences, sociology, landscape planning, landscape 
ecology, sustainability sciences, and complexity sci-
ence. In particular, landscape sustainability science 
provides a transdisciplinary platform that can facili-
tate dialogue among sustainability science, landscape 
ecology, policy, and society to codesign a safer and 
more just future through adaptive transformations of 
landscape systems through the cooperation of sci-
entists, landscape planners, and the public. Such 
regional landscape approaches emphasize place-
based, problem-driven, and used-inspired method-
ologies so as to solve the context-specific tradeoffs 
between ecosystem services and human well-being, 
between national goals and local implementation, 
between rural and urban areas, and between develop-
ing and developed regions (Verburg et  al. 2015 and 
2015; Wu et al.,2013; Alcamo et al. 2020; Lobo et al. 
2021).

Regional landscapes, such as metropolitan regions 
and urban agglomerations, represent a pivotal scale 
domain for addressing sustainability issues (Fang 
and Yu 2020; Meyfroidt et al. 2022; Wu 2022). They 
exhibit complex interactions with targets of SJS, usu-
ally leading to inevitable tradeoffs (Fig. 4). The com-
position, configuration, efficiency, and socioeconomic 
attributes of landscapes are leverages for shifting the 
state of environmental safety and social justice. Meet-
ing the targets of SJS should consider spatial com-
plexity, which can be simplified by recognizing mul-
tiple hierarchical levels, such as national, regional, 
provincial, city, and local community levels. Also, 
landscape-specific adaptive management and gov-
ernance are needed, which optimize the composition 
and configuration of protected areas, different land 
uses, and environmental subsidies and regulations for 
regional sustainability.

To promote a safer and more just future for China, 
we advocate a convergence framework that couples 
SJS, sustainability science, landscape sustainability, 

governance, and land system planning and helps 
facilitate interactions among government, scientists, 
and stakeholders of different kinds for achieving sus-
tainability goals (Fig.  6). Sustainability science pro-
vides transdisciplinary knowledge and the principles 
of “strong sustainability” for assessing the shortfalls 
of SJS across spatial scales, which can help identify 
future sustainability priorities (the first column in 
Fig. 6). These assessments can assist the central and 
local governments with the making and implementa-
tion of policies, strategies, and programs to promote 
safer and more just human-environmental systems 
from national to landscape scales. To ensure effective 
and just governance, views and values of the public, 
stakeholders, and scientists need to feed back to the 
decision makers (the third column in Fig. 6).

The regional landscape scale is the pivotal scale 
for achieving SJS because it connects the global and 
local scales. Landscape sustainability science pro-
vides a platform for studying and monitoring the SJS 
trajectory and understanding the spatial heterogene-
ity and complexity of the SJS-governance-landscape 
nexus, so that tradeoffs can be minimized and sus-
tainable pathways can be identified through codesign 
and adaptive planning (the second column in Fig. 6). 
As sustainable development is a continuous process, 
and can only be achieved through adaptive feedback 
loops. We identify three main feedback loops in this 
framework: (1) the feedback loop of the assessment 
of SJS from national to landscape scales, setting sus-
tainability priorities, analyzing the SJS-governance-
landscape nexus, and adaptive landscape planning; 
(2) the feedback loop between landscape sustainabil-
ity and governance; and (3) the feedback loop among 
the public, stakeholders, and government (Fig.  6). 
These feedback loops can only be understood through 
learning by doing and through the cycle of goal set-
ting, policy formulation, and implementation evalu-
ation for sustainability (Walters and Holling 1990; 
Folke et al. 2005; Ahern et al., 2013).

Conclusions

This study has examined China’s sustainability 
trajectory in the past four decades from the SJS-
urbanization-governance-landscape nexus perspec-
tive. China’s rapid economic growth and urbaniza-
tion have greatly reduced poverty and substantially 
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improved people’s living standards and social justice. 
However, some environmental boundaries have been 
transgressed at the national level, especially after the 
‘Western Developing Plan’ (2000). There are envi-
ronmental shortfalls during rapid urbanization, with 
excessive CO2 emissions and increasing EF, MF, 
and phosphorus and nitrogen loading at the per cap-
ita level. Geospatial disparities of SJS across China 
are pronounced: the developed provinces in eastern 
China have higher levels of social justice (i.e., LE, IN, 
EM, ED), but lower levels of environmental safety (as 
indicated by CO2 emissions, phosphorus and nitrogen 
loading, EF) than developing provinces in central, 
northeastern, and western China. However, synergies 
also exist among the targets of environmental safety 
(e.g., EF, WF, CO2, nitrogen and phosphorus load-
ing), and also among the targets of social justice (e.g., 
IN, EQ, NU, ED, and LE), especially at the national 
scale. Although China has enacted a series of poli-
cies to promote sustainable development, their effects 
on national environmental safety have been scale-
limited and time-lagged. However, China’s advance-
ment towards economic prosperity coupled with 

sustainability offers valuable insight for other nations. 
To move forward, we advocate for landscape-based 
sustainability approaches which provide a transdisci-
plinary and context-specific platform to help mitigate 
tradeoffs, foster synergies, and facilitate cooperation 
among scientists, the government, and stakeholders 
of different kinds.
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Bank (https://​data.​world​bank.​org/​count​ry/). The dynamics of 
HDI, education index, income index, and health index were 
from Human Development Reports (UNDP, http://​hdr.​undp.​
org/​en/​data). The ecological footprint (EF) and biocapacity 
data were from the Global Footprint Network (https://​www.​
zujiw​angluo.​org/​ecolo​gical-​footp​rint-​resul​ts/). The phosphorus 
footprints were sourced from Jiang et al (2019a, b). The aver-
age temperature and nature reserves area data were from Chi-
na’s Environmental Protection Administration and China Mete-
orological Administration (http://​data.​cma.​cn/​data). Our World 
in Data (https://​ourwo​rldin​data.​org/) and Global Footprint Net-
work (https://​ourwo​rldin​data.​org) produced the global pattern 
of the indicators. The original data of landscape urbanization 
from http://​data.​ess.​tsing​hua.​edu.​cn.
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