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Sustainable Development:               
Limits to growth? 

Presenter
Presentation Notes
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What’s to be sustained?  What’s to be developed? 

• Nature 
– Earth, biodiversity, 

ecosystems 
• Life support 

– Ecosystem services, 
resources, 
environment 

• Community 
– Cultures, groups, 

places 
 

• People 
– Child survival, life 

expectancy, education, 
equity, opportunity 

• Economy 
– Wealth, productive 

sectors, consumption 
• Society 

– Institutions, social 
capital, states, regions 

Over what period?    In what relationship? 
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National Research Council. 1999. Our common journey. Washington: NAS Press.
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Sustainability Science:  
Growth of a Field 

Bettencourt  et al. 2011 
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Bettencourt L M A , Kaur J PNAS 2011;108:19540-19545The temporal evolution of sustainability science and its population dynamics. (A) The number of unique authors vs. time and key events in the field (see main text). By around 2000, many more key publications, such as ref. 3, appear and other key meetings take place (for example, the World Academies Conference Transition to Sustainability in 21st Century in Tokyo in 2000 and the Johannesburg World Summit on Sustainable Development in 2002), not shown. The field’s growth accelerated between the late 1980s and the late 1990s. (B) Population model accounting for the recruitment and progression of authors from susceptibility and exposure to the field to publication and exit (see Materials and Methods). (C) The acceleration in the field’s growth can only be accounted for by an increased contact rate between active individuals and susceptible individuals over the period 1980–1990, where β(t) = β + (β0 - β)[1 - 1.025/ cosh(t - 1991)], with β = 2.04, β0 = 1.50. The best account of the growth of the field in terms of its population dynamics is shown in Fig. 1A (solid red line).



Sustainability Science today… 
1) An emerging field of ‘use-inspired’ research and 

innovation, like ‘agricultural science’ before it; 
2) Defined by the practical problems it addresses, i.e. 

the problems of sustainable development; 
3) Conducted by drawing from and integrating basic 

research on human-environment systems from the 
natural, social, medical and engineering sciences;  

4) Committed to linking knowledge with action 
through the design, implementation & adaptation 
of improved practices, technologies and policies. 

5) Building a growing research literature. 



1) Emerging field of Use-Inspired 
Research? 
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2) Defined by practical problems of 
sustainable development? 

“Soaking     
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Applied Research Goals: 
WEHAB  SDGs 

• Helping the peoples of the world to meet 
their needs for…. 
– Water, Energy, Health, Housing, Agriculture, 

Biodiversity (WEHAB) 
• In ways that…. 

– Alleviate hunger and poverty 
– Conserve the earth’s life support systems 
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WEHAB framework papers for the World Summit on Sustainable Development.  2002. http://www.johannesburgsummit.org/html/documents/wehab_papers.html Sustainable Development Goals (SDGs) proposed by Columbia, Guatemala, and Peru for Rio+20:http://www.earthsummit2012.org/conference/themes/sdgoalsintroParris TM and Kates RW. 2003. Characterizing a sustainability transition: Goals, targets, trends, and driving forces. Proc Natl Acad Sci U S A 100(14):8068-73.



3) Conducted by drawing from and 
integrating basic research on HES? 

“Soaking     
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poking” 
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Basic Research Foundations: 
Coupled human-environment system 

Environmental Subsystem

Human Use Subsystem

Population

Technology

Governance

Economy

Earth System: Climate & Atmosphere;
Biogeochemical Cycles

Environmental Services: 
Provisioning, cultural

Environmental Services: 
Regulating, supporting

Ecosystems: Land & Oceans

Proximate
Interactions

Human
Subsystem

Environmental
Subsystem

       

A A

D
CC

B

E

E

B
D
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Vibrant field of research today… Question before us is how professionals involved in global governance can tap into this knowledge without having first to take multiple degrees… 



Basic research 
(human-

environment 
systems) 

Use-inspired 
research 

(Sustainability 
Science) 

Applied research  
(WEHAB+ 

technology and 
policy) 

Improved 
understanding 

Existing 
understanding 

Existing 
practices 

Improved  
practices 

(redrawn from Stokes, 1997) time 

4) Committed to  
Linking knowledge with action? 



Linking knowledge with action 
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World Business Council on Sustainable Development and World Resources Institute.  2011. Corporate value chain (Scope 3) accounting and reporting standard.  WBCSD.  ISBN 978-56973-772-9. (http://www.wbcsd.org/Pages/EDocument/EDocumentDetails.aspx?ID=13757&NoSearchContextKey=true  )Matson, Pamela A. (ed). 2012.  Seeds of sustainability:  Lessons from the birthplace of the Green Revolution in Africa.  Island Press.  



Sustainability Science today… 
1) An emerging field of ‘use-inspired’ research and 

innovation, like ‘agricultural science’ before it; 
2) Defined by the practical problems it addresses, i.e. 

the problems of sustainable development; 
3) Conducted by drawing from and integrating basic 

research on human-environment systems from the 
natural, social, medical and engineering sciences;  
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Building a research literature… 
• Annotated overview of key readings  

– Kates, R. 2010. Readings in Sustainability 
Science and Technology 

• Rolling text book (5-yr turnover) 
– Annual Review of Environment & Resources 

• Current research 
– PNAS Sustainability Science, Ecol. Econ., etc. 

• Grand Challenges of Sustainability Science 
 

Presenter
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Kates, Robert W., ed. 2010. Readings in Sustainability Science and Technology. CID Working Paper No. 213. Sustainability Science Program, Harvard University. Cambridge, MA: Harvard University.Annual Review of Environment & Resources: http://www.annualreviews.org/journal/energy PNAS Sustainability Science:  http://www.pnas.org/site/misc/sustainability.shtmlEcological economics:  http://www.journals.elsevier.com/ecological-economics/



Grand Challenges of Sustainability Science 
 A framework 

1) Normative challenges 
– How should values inform sustainability science? 

2) Analytic challenges 
– How do the workings of human-environment systems 

affect the prospects for sustainable development? 

3) Operational challenges 
– How can we do sustainability science better?  

4) Strategic challenges 
– How can we use sustainability science to inform more 

effective policy-making for sustainable development? 

Presenter
Presentation Notes
Grand challenges?  	- David Hilbert’s 1901 program for mathematics – 23 problems to be solved	- 



1) Normative challenges: 
How should values inform sustainability science? 

a) Sustainability? What are the general criteria and 
principles for distinguishing non-sustainable 
from sustainable development? 

b) Equity: What are the equity principles that 
should govern our search for sustainability 
solutions? 

c) Bad places? What trajectories that are 
consistent with our understanding of sustainable 
development should nonetheless be avoided for 
reasons of morality, uncertainty, precaution or 
other concerns?  



a) General criteria, principles… 
W = f(Ci | K, I, P)  

 
• W is ‘human well-being’  

– Aggregated intra- and inter-generationally 
• Ci are ‘capital assets’ 

– Stocks and the services that flow from them…  
– Cn  is ‘natural capital’ (generating ecosystem services) 
– Cm is ‘manufactured capital’ (factories, homes, roads) 
– Ch is ‘human capital’ (health, education) 

• K, I, are ‘knowledge and institutions’ 
• P is ‘population’ 
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Dasguta, 2001; Arrow et al. 2004



Natural Capital, Ecosystem Services and 
their implications for Human Well-being 

(Millennium Ecosystem Assessment, 2005) 



Manufactured capital  



Human capital: The neglected 
dimension of sustainability 

Natural capital Human capital Manuf. capital TOTAL W 

1995 capital 
stock 

$3,200 $1,717,900 $3,100 $1,724,200 

Change 1995-
2000 

-$200 $9,400 $2,000 $11,100 

Growth rate/ yr -1.0% +0.1% +10.8% +0.1% 

 
W = f(Ci | K, I, P)  

Capital Stock Estimates for China, 1995 – 2000  
(in 2000 US$) 

(From Arrow et al., 2010) 

Presenter
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Also, World BankSUSTAINABILITY AND THE MEASUREMENT OF WEALTH Kenneth J. Arrow Partha Dasgupta Lawrence H. Goulder Kevin J. Mumford Kirsten Oleson Working Paper 16599 http://www.nber.org/papers/w16599 .NATIONAL BUREAU OF ECONOMIC RESEARCH 1050 Massachusetts Avenue Cambridge, MA 02138 December 2010 



1) Normative challenges: 
How should values inform sustainability science? 

a) Sustainability? What are the general criteria and 
principles for distinguishing non-sustainable 
from sustainable development? 

b) Equity: What are the equity principles that 
should govern our search for sustainability 
solutions? 

c) Bad places? What trajectories that are 
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reasons of morality, uncertainty, precaution or 
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2) Analytic Challenges:   
How do human-environment systems work? 

a) Background trends: Which long term trends and 
transitions are most important in shaping the 
stage on which sustainable development will be 
played out over the coming century?  

b) Regimes: What are the characteristic regimes of 
interactive human-environment systems, and 
their implications for human well-being?  

c) Vulnerability: What determines the adaptability, 
vulnerability, and resilience of human– 
environment systems?   
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What long-term trends and transitions are most important in shaping the stage on which efforts to achieve sustainable development will be played out over the coming century? [BC: Kates]What are the characteristic regimes of interactive human-environment systems? [Use forest transition; Poverty traps and biodiversity SF; collapse SF; Bocage; Styria; ]What are the principal tradeoffs between human well-being and the natural environment? [BC: Use Emans]What determines the adaptability, vulnerability, and resilience of human– environment systems?  [BC: Use tipping points?]
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Land use regimes: 
 (un)sustainable?  



Forest Transition Model 

(Redo D J et al. 2012) 

Empirical Data 
(c) whole countries 
(d) moist forest life zones             
(e) Conifer and Dry forest biomes 

Theory 
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What are the characteristic regimes of interactive human-environment systems? [Use forest transition; Poverty traps and biodiversity SF; collapse SF; Bocage; Styria; ]Hypothetical pathway of forest cover (A) and forest cover change (B) in the Forest Transition Model. Subboxes in B indicate the stage found in this study for Central American countries: (c) whole countries, (d) moist forest life zones, (e) Conifer and Dry forest biomes. The y axis of the figures are not scaled because absolute values can vary among countries.



2) Analytic Challenges:   
How do human-environment systems work? 

a) Background trends: Which long term trends and 
transitions are most important in shaping the 
stage on which sustainable development will be 
played out over the coming century?  

b) Regimes: What are the characteristic regimes of 
interactive human-environment systems, and 
their implications for human well-being?  

c) Vulnerability: What determines the adaptability, 
vulnerability, and resilience of human– 
environment systems?   

 

Presenter
Presentation Notes
What long-term trends and transitions are most important in shaping the stage on which efforts to achieve sustainable development will be played out over the coming century? [BC: Kates]What are the characteristic regimes of interactive human-environment systems? [Use forest transition; Poverty traps and biodiversity SF; collapse SF; Bocage; Styria; ]What are the principal tradeoffs between human well-being and the natural environment? [BC: Use Emans]What determines the adaptability, vulnerability, and resilience of human– environment systems?  [BC: Use tipping points?]



Vulnerability, Resilience and Adaptation in 
Coupled Human-Environment Systems 

(Turner et al. 2003) 

Presenter
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Vulnerability framework. Components of vulnerability identified and linked to factors beyond the system of study and operating at various scales.



Composite Vulnerability to Climate-related Change 

Components  
 
*Hazard exposure 
 
*Population density 
 
*Household/ 
community 
resilience 
 
*Governance/ 
violence 
 

(Strauss Center, 2011) 
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Strauss Center. 2011. Locating Climate Insecurity: W h e r e A r e t h e Mo s t V u l n e r a b l e P l a c e s i n A f r i c a ?  Policy Brief 3. (http://reliefweb.int/sites/reliefweb.int/files/resources/Full_Report_2483.pdf)The composite picture highlights chronic climate security vulnerability by identifying where these four sources of  vulnerability coalesce.



How much is 
“dumb” 

vulnerability 
reduced by 
household 
resilience  

and  
adaptive 

governance? 

How human resilience and governance matter… 

(Strauss Center, 2011) 
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Strauss Center. 2011. Locating Climate Insecurity: W h e r e A r e t h e Mo s t V u l n e r a b l e P l a c e s i n A f r i c a ?  Policy Brief 3. (http://reliefweb.int/sites/reliefweb.int/files/resources/Full_Report_2483.pdf)



3) Operational Challenges: 
How can we do sustainability science better? 

a) Data: How can we better generate, process and 
integrate relevant data sets about the dynamics 
of human-environment systems?  

b) Models: How can models be formulated that 
better account for the multi-scale variation in 
complex human–environment systems?   

c) Navigation: How can techniques be designed to 
give useful early warnings as human-
environment systems approach dangerous 
states?  

Presenter
Presentation Notes
Data: How can we better generate, process and integrate relevant data sets about the dynamics of human-environment systems? [see Land Change Science]Models: How can models be formulated that better account for the multi-scale variation in complex human–environment systems?  [BC: Agent-based models, vs systems dynamics, vs topological (eg. graph) models; see discussion in LC SF]Navigation: How can techniques be designed to give useful early warnings as human-environment systems approach dangerous states? [Carpenter in Ostrom SF?]
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(Ferraro et al., 2011) 

Data: Mapping Suitability 
for win-win land use 
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Protected areas are the dominant approach to protecting biodiversityand the supply of ecosystem services. Because theseprotected areas are often placed in regions with widespreadpoverty and because they can limit agricultural development andexploitation of natural resources, concerns have been raised abouttheir potential to create or reinforce poverty traps. Previous studiessuggest that the protected area systems in Costa Rica and Thailand,on average, reduced deforestation and alleviated poverty.Weexaminethese results in more detail by characterizing the heterogeneityof responses to protection conditional on observable characteristics.We find no evidence that protected areas trap historically poorerareas in poverty. In fact, we find that poorer areas at baseline seemto have the greatest levels of poverty reduction as a result ofprotection. However, we do find that the spatial characteristicsassociated with the most poverty alleviation are not necessarily thecharacteristics associated with the most avoided deforestation. Weshow how an understanding of these spatially heterogeneousresponses to protection can be used to generate suitability mapsthat identify locations in which both environmental and povertyalleviation goals are most likely to be achieved.



4) Strategic challenges: 

How can we use sustainability science to 
inform decisions? 

 

a) Allocation: What are the tradeoffs in allocating… 
- resources devoted to adaptation and mitigation? 

- nature reserves and heavily managed areas?  

b) Decision support: How can knowledge be more 
effectively linked to action in support of 
sustainable development?  

c) Institutions:  What kinds of institutions can 
most effectively guide human-environment 
systems toward sustainable development?  

Presenter
Presentation Notes
Institutions:  How can society most effectively guide or manage human-environment systems toward a sustainability transition? [Ostrom policentric]Decision support: How can knowledge be more effectively linked to action in support of sustainable development? [public good innov?]Allocation: What is the appropriate mix of …	* resources devoted to adaptation and mitigation?	* nature reserves and heavily managed areas? [BC: Use Polasky]
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(Polasky et al. 2008) 

44 

Allocation… 
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Institutions with Self-organized, 
Polycentric components  

[6 variables] 

[9 variables] 

[7 variables] 

[8 variables] 

[9 variables] 

[3 variables] 

(PNAS Special Feature by Ostrom, 2007; Ostrom 2009) 
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Grand Challenges of Sustainability Science: 
A summary of some research horizons…  

•   Normative challenges: 
– Sustainability?, Equity, Bad places? 

• Analytic challenges 
– Background trends, Regimes, Vulnerability 

• Operational challenges 
– Data, Models, Navigation 

• Strategic challenges 
– Allocation, Decision support, Institutions 
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