
Urbanization and Urban System 
Sustainability in the Anthropocene

1

Xuemei Bai

Xuemei.bai@anu.edu.au

Nov 22, 2021

mailto:Xuemei.bai@anu.edu.au


This Talk

• Urbanization and the impacts of cities in the Anthropocene
• Systems approach: Understanding interlinkages within and 

across urban systems
• Urban experiments and transition towards sustainability



An Urban Planet

• Over half of world 
population living in 
cities

• By 2050, 2.5 billion 
people will be added to 
the world’s urban 
population

• 90 per cent of the 
increase concentrated in 
Asia and Africa. 

(Data: World urbanization prospects: The 2018 Revision. United Nation.)



4Bai, X., P. Shi, Y. Liu 2014. Realizing China’s urban dream. Nature 509, 158-160.) 
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Urbanization in the 
Anthropocene

(Elmqvist et al, 
npj Urban Sustainability, 
2021)



Global human-made mass exceeds all living 
biomass

6

Fig. 1: Biomass and anthropogenic mass estimates since the beginning of the 
twentieth century on a dry-mass basis. (Source: Elhacham et al, 2020, Nature)
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Fig. 3: Contrasting 
key components of 
global biomass and 
anthropogenic mass 
in the year 2020 
(dry-weight basis) 

(Source: Elhacham et al, 
2020, Nature)



(Bai et al, 2018. Nature)

- Cities emit 75% of all 
CO2 from final energy 
use

- Building and upgrading 
urban infrastructure in 
developing cities will 
release up to 226 Gton
CO2 by 2050

(Bai et al, Nature, 2018)





Urbanization and the Environment
Emerging trends and remaining questions in urban environmental research:
• (a) increasing evidence on the amplified or accelerated environmental impacts 

of urbanization; 
• (b) varying distribution patterns of impacts along geographical and other socio-

economic gradients;
• (c) shifting focus from understanding and quantifying the impacts of 

urbanization toward understanding the processes and underlying mechanisms; 
• (d) increasing focus on understanding complex interactions and interlinkages 

among different environmental, social, economic, and cultural processes;
• (e) conceptual advances that call for articulating and using a systems approach 

in cities.
• In terms of governing the urban environment, there is an increasing focus on 

public participation and coproduction of knowledge with stakeholders. Cities are 
actively experimenting toward sustainability under a plethora of guiding 
concepts that manifests their aspirational goals, with varying levels of 
implementation and effectiveness.

(Bai et al, 2017, Annual Review of Environment and Resources)



(Bai et al 2016, COSUST)
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Fig. 1. Urban system structure and inter-linkages (Bai et al 2016 COSUST)

Cities as Human Dominant Complex Systems



Interacting processes:
Urbanization and air pollution increases heavy rainfall



Fig. 1 Conceptual diagram of urban metabolism. 
Part of the resources flow into cities become urban stock, others enable and drive various anthropogenic functions, and eventually produce 
intended or unintended outputs that either stay within the system boundary or exported beyond the boundary, with various impacts on the 
physical environment, flora and fauna and associated ecological processes. Urban metabolism is shaped and regulated by factors such as 
urban policy and governance, culture, and individual behaviours 

(Source: Bai, AMBIO, 2016)





Empirical findings of urban metabolism work

• Anthropogenic flows far exceed those mobilized by 
natural processes

• Strong linear flows, external dependency
• Increasing magnitude of flows despite increasing 

efficiency
• Much larger intra city heterogenity in developing cities
• Functional role of the city, development stages, 

technology, level of infrastructure, income/other 
socioeconomic characteristics, individual choices and 
behaviour all influence these flows

• Some flows follow Environmental Kuznetz Curve
• Urban policy and governance practices can play 

significant role in shaping and regulating the metabolism
(Bai, Ambio, 2016)
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Fig. 2 | Spatial changes in land use with an urbanization level of 80% in 2050. From 2015
to 2050, new released croplands are concentrated in the NCP, Middle and Lower Yangtze
River Basin, and Northeast Plain, while the most intensive urban expansion areas are the
Beijing-Tianjin-Hebei region, Yangtze River Delta, and Pearl River Delta. 
(Wang et al , Nature Food)



(Wang et al , Nature Food)



(Gu et al 2019, Nature)



Interregional flows of key 
environmental impacts from food 
consumption: Water, Carbon, 
Nitrogen, Phosphorus. In gm3 
(water footprint) and Tg or Gg 
(carbon, nitrogen, phosphorus 
footprint). Units for per capita 
footprints are in 1000 m3/cap 
(water footprint), t/cap (carbon 
footprint), kg/cap (nitrogen and 
phosphorus footprint). 

(Source: Hu et al 2020, Env. Sci & Tech)

Regional Interlinkages



Footprint supply chain of household consumption related to food by region/country 
and sector, for the three urban regions. Sankey diagrams show a network of 
normalized footprints and capture the impact of each sector in each region driven by 
food consumption in the (a) Yangtze River Delta, (b) Jing-Jin Metropolitan, and (c) 
Pearl River Delta. (Source: Hu et al 2020, Env. Sci & Tech)

Regional Interlinkages: Where your footprint is from?



• Local socioeconomic and policy factors 
explain 40% of the inter-city disparity of 
the level of pesticide residue. (42 cities, 
12070 samples)

• Local policy had a larger impact on local 
food safety than socioeconomic factors.

• A systems approach of the government 
in controlling pesticide residue is 
necessary. (Source: Liu et al, 2020. Sci. Total Env.)



(Source: Bai, X., H. Nagendra, P. Shi, H. Liu, 2020, Nature)



(Source: Bai et al 2020, Nature)

Cities and COVID19



Hyper Connectivity

Figure 1. Anthropogenic Planet Air Routes (in white lines), global roads (green), shipping 
routes (blue). (Source: Hui, https://studentwork.prattsi.org/infovis/author/hzhao6/)



(Source: Bai et al 2020, Nature)



Cities Leading Sustainability 
Transition



Urban Environmental Evolution

• Cities are complex systems subject to 
constant change- a dynamic evolutionary 
process

• Diverse profile, commonalities in 
trajectories

• Strong nonlinearity in trajectories
• Shaped by a unique combination of 

endogenous and exogenous forces

• (Source: Bai and Imura 2000; Bai 2003)



“Rapid and far reaching transition” needed

… but “Economic, institutional 
and socio-cultural barriers may 
inhibit these urban and 
infrastructure system 
transitions...” 
(IPCC 1.5 degree C special Report, 2018)
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Citiscope
3 March

Large number of documented innovative practices
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Urban Sustainability Experiments



Urban Sustainability Experiment

• Sustainability experiments are planned initiatives that 
embody a highly novel socio-technical configuration likely 
to lead to substantial (environmental) sustainability gains.

• Small initiatives in which the earliest stages of a process of socio-
technical learning takes place.

• Typically bring together new networks of actors with knowledge, 
capabilities and resources, cooperating in a process of learning

• (Berkhout et al, 2010; Bai et al 2010; Tech. Forecasting Social 
Change)
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Nested structure of innovation for low 
carbon transition in Shanghai

(Source: Peng and Bai, 2018. 
Experimenting towards a low-carbon 
city: Policy evolution and nested 
structure of innovation. Journal of 
Cleaner Production)



(Source: Peng, Wei, Bai. Scaling 
Urban Sustainability Experiments: 
Contextualization as new innovation. 
2019, J. Cleaner Production)

Fig. 4. Horizontal linkages and the innovative 
processes in post-experiment adoption.

Contextualization 
as new 
innovation

How innovations walk across cities





Fig. 9. The cooperation links across institutions under the 
special fund scheme from 2008 to 2018. (Source: Peng and 
Bai 2020, J. Cleaner Prod.)

Breaking silos, enhancing institutional collaborations



• A frontrunner city can produce environmental and economic benefits and 
opportunities, both within and beyond its boundary through urban
experimentation that contributes to sustainability transition

• Positive changes toward sustainability are created and sustained by a    
succession of self-reinforcing feedback loops involving citizens, businesses,  
local and national government.

• Positive inertia is coined to describe an emergent property of a city as a 
system, where positive approaches are embedded into the city’s identity, and 
thus not  influenced by short-term political cycles.



39 (Source: Sigourney Irvine,Honour’s Thesis, 2015)

Understanding Experiments and Transition



Shifting Research Trends
• From identifying trends/patterns/impacts, to 

understanding processes and mechanism, and to 
exploring ways to enable transition/transformation

• Inter- and trans-disciplinary integrated urban 
science and knowledge 

• Cities in changing technological and societal trends
• Cross scale translation: from planetary limits to 

urban actors
• Cities and climate change
• The Urban South



A bike-share stand in Hangzhou, China

China’s photovoltaic highway set to generate 1 
million kWH of electricity per year. 

Two G-series trains at Beijing West Railway 
Station

Cashless economy: Alipay in China 

High-speed railway planning for China in 2030

The promise and peril of disruptive technologies

Packages piled up after the Singles' Day 
shopping day, source: China News Service



Cities as future mine

http://advantage-environment.com

(Mushroom Tower,source: treehugger.com )

From produce aisle to backbone of cities



(Bai, et al, 2018. Nature)

1 Expand observation
2 Understand climate 

interactions
3 Study informal settlements
4 Harness disruptive 

technologies
5 Support transformation
6 Recognize global 

sustainability context



7/25/2018 44



7/25/2018 45

(Nagendra et al, Nat Sust, 2018)



7/25/2018 46(Nagendra et al, Nat Sust 2018)



Fig. 1. The challenge: To define, and navigate toward, a safe and 
just future for people and the planet.

(Rockstrom et al Earth’s Future 2021)





Integrating safe and just limits

(Rockstrom et al Earth’s Future 2021)



Earth Commission Working Group 5 Cross-
scale translation: Connecting cities and 
businesses to planetary limits and targets



Conclusion:

- Understanding urban systems and the system of 
cities is crucial to inform the science, policy and 
practice towards building sustainable, resilient, 
healthy futures in the Anthropocene.

- Urban sustainability science at the center of 
sustainability science
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Cross scale translation: Linking cities to 
planetary limits:
• Earth Commission: https://earthcommission.org/
• Earth Commission Working Group 5: 

https://earthcommission.org/working-group-5/

https://earthcommission.org/
https://earthcommission.org/working-group-5/
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