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Presenter
Presentation Notes
Intro:  Delighted to be here, both to return to one of the world’s great schools of environment and to help celebrate the 25th anniversary of what has become Center for Sustainable Systems.I am especially honored to have been invited to deliver 15th Peter Wege Lecture on Sustainability, a lecture that was one of the first to recognize the importance of bringing sustainability issues into universities, and that has enrolled a dauntingly distinguished and accomplished set of speakers over the years. There is no way I can hope to match those previous lecturers in the practical wisdom and political accomplishments they have reported in their talks.What I will try to do is sketch what my colleagues and I have learned about how scholars and universities can engage their research more deeply and helpfully with practice, improving the contribution of both to the successful pursuit of sustainability.Via 6 question…. Target: 40 mins, ie 6 mins / question



Pursuing Sustainability:  Six questions
about linking science with practice

1. What’s the problem of sustainable development?
2. What should be the goal of efforts to address the problem?
3. What must be sustained to achieve the goal?
4. What is most needed from science and technology?
5. What is most needed from management and governance?
6. How can we link knowledge with action?

(answer for a case of your own….)

Presenter
Presentation Notes
Six questions… that we have found it important to ask we have sought to inform agitation and action in pursuit of sustainability, and corresponding answers – all of them tentative -- that we have found most helpful in our own work.My hope is that these questions and possible answers will prove useful to the Center and University as they embark on the next phase of their efforts pursuing of sustainability.PICK A “CASE” OF YOUR OWN….  ANSWER THESE QUESTIONS 



1) What’s the problem of sustainable development?

“Environment is where we live;
Development is what we all do 

in attempting to improve our 
lot within that abode.

The two are inseparable….” 
“Humanity has the ability to 

make development 
sustainable…“

(WCED, 1987)

Presenter
Presentation Notes
30 years ago, as Center was gleam in the eye of its founders



“The ability to make development …?” 
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Presentation Notes
Did not always have this ability… a discovery of the 20th C. (Deaton’s “Great Escape”)… Unfinished, inequitable, local reversals… but a triumphLIFE EXPECTANCY – JAMES RILEY FOR DATA 1990 AND EARLIER; WHO AND WORLD BANK FOR LATER DATA (BY MAX ROSER) https://ourworldindata.org/life-expectancy/   (Note that gap btw worst and best has shrunk from 35 yrs in 1925 to 20 years today) Poverty:  Data source: World Poverty in absolute numbers (Max Roser based on World Bank and Bourguignon and Morrisson(2002))OurWorldInData.org/world-poverty/ • CC BY-SA  https://ourworldindata.org/world-poverty/ ;Extreme poverty is defined as living at a consumption (or income) level below 1.90 "international $" per day.International $ are adjusted for price differences between countries and for price changes over time (inflation).Dest Theme embed workbook (H) / Axes 15, Titles 20



“The ability to make development sustainable?”

“The (6th) Great Extinction” “The Great Poisoning”

Mercury in 
Arctic wildlife…

… and in us
(a quarter of  NE women likely have Hg 
blood levels high enough to depress IQ 
of any children they may have…)

Presenter
Presentation Notes
Biodiversity from IUCN, The IUCN Red List of Threatened Species, Version 2014.3 (IUCN, 2014);http://www.iucnredlist.org (downloaded on 11 March 2015). (see also Ceballos, Gerardo, Paul R. Ehrlich, Anthony D. Barnosky, Andrés García, Robert M. Pringle, and Todd M. Palmer. 2015. "Accelerated Modern Human–induced Species Losses: Entering the Sixth Mass Extinction." Science Advances 1 (5). doi:10.1126/sciadv.1400253. http://advances.sciencemag.org.ezp-prod1.hul.harvard.edu/content/1/5/e1400253.abstract.Stuart H. M. Butchart et al. Science 2010;328:1164-1168 (for time scale is 1970 to 2010, vertical is relative scale) Soil erosion is US DEPT OF AGRICULTURE | Roosevelt County, NM 1957Deep rooted bluestem grass allows a man to measure the ground level before erosionhttp://www.photographsofthewest.org/education/content_resourcepages/013.htmlMercury:   Mahaffey, K. R., R. P. Clickner, and C. C. Bodurow. 2004. "Blood Organic Mercury and Dietary Mercury Intake: National Health and Nutrition Examination Survey, 1999 and 2000." Environmental Health Perspectives 112 (5): 562-570. doi:10.1289/ehp.6587 and  AMAP, 2011. AMAP Assessment 2011: Mercury in the Arctic. Arctic Monitoring and Assessment Programme (AMAP), Oslo, Norway. xiv+193. 86253_mercury_LO_FINAL-SEC.pdfFigure 5.1. Historical trends in Hg concentration in hard tissues of variousArctic biota, expressed as a percentage of modern maximum annualaverage concentrations. Most points plotted represent mean values ofmultiple samples; for beluga and seal teeth, these are presented for differentage classes (see Dietz et al., 2009a). Original data sources: beluga teeth(Outridge et al., 2002, 2005a, 2009); ringed seal teeth (Outridge et al.,2009); human teeth (Eide et al., 1993; Tvinnereim et al., 2000); polar bearhair (Wheatley and Wheatley, 1988; Dietz et al., 2006a); gyrfalcon andperegrine falcon feathers (Dietz et al., 2006b). Regions covered by thesedatasets include parts of the Canadian Arctic, Greenland Arctic, andnorthern Norway.



“The ability to make development sustainable?”

“The Great Warming/Acidifying/Drowning….”

Presenter
Presentation Notes
Full year temperatures, globally, land + sea



Progress on parts of sustainable development…

Presenter
Presentation Notes
Recovery of (some) endangered species Communal forestryOzone depletion (Montreal Protocol into effect 1989, marked by vertical ---); Source: http://public.wmo.int/en/media/news/twenty-questions-and-answers-about-ozone-layer 



But challenges remain at the 
level of whole sectors…

global ENERGY demand 
2015 2050:

+40%



global FOOD demand 
2015 2050:

+50%

But challenges remain at the 
level of whole sectors…



global URBAN demand 
2015 2050:

+60%

But challenges remain at the 
level of whole sectors…



And sectors themselves are interconnected:
Needs of 10B people heading toward “A Perfect Storm…”

(Beddington, 2009)

Presenter
Presentation Notes
Beddington J. 2009. FOOD, ENERGY, WATER AND THE CLIMATE: A PERFECT STORM OF GLOBAL EVENTS?�. London: Government Office for Science; UK Department of Business, Innovation and Skills



1) Problem of sustainable development? 
Move beyond incrementalism on the “parts,” 

build capacity for systems-level transformations in 
how we “improve our lot within our planetary abode”  



Pursuing Sustainability: Six questions

1. What’s the problem of sustainable development?
2. What should be the goal of efforts to address the problem?
3. What must be sustained to achieve the goal?
4. What is most needed from science and technology?
5. What is most needed from management and governance?
6. How can we link knowledge with action?

Presenter
Presentation Notes
PICK A “CASE” OF YOUR OWN….  ANSWER THESE QUESTIONS 



Presenter
Presentation Notes
General vs contextual?: “Step back from individual claims, interests to find common ground in more general, widely shared values” (T. Clark / Lasswell)Ends vs means? :Avoid embedding preferred solutions in stated goals…Measurable vs. meaningful? : GNP, GPA …. Vs. Veritas, Justice, Freedom, …



“Good goals” for promoting the public interest?

• Special interest vs Shared?
– Everyone is entitled to own goals… 
– But “shared goals are needed where people disagree but must 

find common ground to live together”
– Important to “step back from individual claims, interests to find 

common ground in more general, widely shared values”

• Means vs Ends?
– Avoid hiding preferred solutions in statement of goals…

Presenter
Presentation Notes
Source:  Harold Lasswell, phrased by Tim Clark; Eugene Bardach



• Special interest vs. Shared?
• Means vs. Ends?

Presenter
Presentation Notes
Personal vs shared?: “Shared goals needed in any area where people disagree but must find common ground to live together”  (T. Clark / Lasswell)General vs contextual?: “Step back from individual claims, interests to find common ground in more general, widely shared values” (T. Clark / Lasswell)Ends vs means? :Avoid embedding preferred solutions in stated goals…Measurable vs. meaningful? : GNP, GPA …. Vs. Veritas, Justice, Freedom, …



Goals for a sustainability transition?
Two major contenders…

Presenter
Presentation Notes
Biggest contenders….   (see SDGs)Mulling… no problem with goals focused entirely on human, or entirely on env. Conservation…Means and ends!



Goals for a sustainability transition?

• Special interest vs. Shared?
• Means vs. Ends?

Presenter
Presentation Notes
Biggest contenders….   (see SDGs)Mulling… no problem with goals focused entirely on human, or entirely on env. Conservation…Means and ends!



Goals for a sustainability transition?

“Humanity has the ability to 
make development 
sustainable: 

To ensure that it meets the 
needs of the present 
without compromising the 
ability of future 
generations to meet their 
own needs.”

20(WCED, 1987)

Presenter
Presentation Notes
Anthropocentric



Goals for a sustainability transition?

•Sustainable development defined in 
terms of  

“human needs”  “human well-being”

(ie material needs… + health, education, 
security, biophilia, community, …)

Presenter
Presentation Notes




Goals for a transition toward sustainability?

But how to think about distribution (justice and equity)? 

• Human Well-being !

Presenter
Presentation Notes
Lower right figure: About the ArtistBrie O’Malley works at City Year Headquarters as the Regional Recruitment Director for the Northeast Region. She and her husband recently returned to New England after many years in New York City. She said,“I wanted to depict the ‘Seven Generations’ founding story from a global perspective, since so many of our decisions have potential worldwide impact. For that reason, I chose patterns inspired by locations across the globe to dress the seven Russian Matryoshka nesting dolls.” http://www.cityyear.org/CityYear/6_About_City_Year/Culture/Founding_Stories/Seven_Generations.aspx  



Goals for a transition toward sustainability?

But how to treat concerns of justice and equity? 

• Human Well-being !
Human Well-being conceived 

Inclusively 
across all people 
(here and there, 

now and in the future)

Presenter
Presentation Notes
Lower right figure: About the ArtistBrie O’Malley works at City Year Headquarters as the Regional Recruitment Director for the Northeast Region. She and her husband recently returned to New England after many years in New York City. She said,“I wanted to depict the ‘Seven Generations’ founding story from a global perspective, since so many of our decisions have potential worldwide impact. For that reason, I chose patterns inspired by locations across the globe to dress the seven Russian Matryoshka nesting dolls.” http://www.cityyear.org/CityYear/6_About_City_Year/Culture/Founding_Stories/Seven_Generations.aspx  



2) The goal of a transition toward sustainability 
should be development pathways for which 
inclusive human well-being does not decline

(radical redistribution re BAU)

Presenter
Presentation Notes
Lower right figure: About the ArtistBrie O’Malley works at City Year Headquarters as the Regional Recruitment Director for the Northeast Region. She and her husband recently returned to New England after many years in New York City. She said,“I wanted to depict the ‘Seven Generations’ founding story from a global perspective, since so many of our decisions have potential worldwide impact. For that reason, I chose patterns inspired by locations across the globe to dress the seven Russian Matryoshka nesting dolls.” http://www.cityyear.org/CityYear/6_About_City_Year/Culture/Founding_Stories/Seven_Generations.aspx  



Pursuing Sustainability: Six questions

1. What’s the problem of sustainable development?
2. What should be the goal of efforts to address the problem?
3. What must be sustained to achieve this goal?
4. What is most needed from science and technology?
5. What is most needed from management and governance?
6. How can we link knowledge with action?

Presenter
Presentation Notes
PICK A “CASE” OF YOUR OWN….  ANSWER THESE QUESTIONS 



3) What must be sustained to achieve the goal?
• Preoccupation with flows….

• GNP growth rate
• Population growth rate
• Forest depletion rate
• GHG reduction rate… 

• Sustainability must be about stocks
• Essential assets on which we draw to 

achieve our goals…
• … and whether those asset stocks are 

declining over the long run…
• Resulting in reduced opportunities for 

future generations to reach own goals

Presenter
Presentation Notes
Solar Impulse 2



But which asset stocks?

27

Classical focus on:
• Land capital
• Labor capital
• (Manufactured) capital 

More comprehensive view:
• Natural capital
• Human capital
• Manufactured cap
• Social capital
• Knowledge capital

Central Massachusetts, ~1740

Presenter
Presentation Notes
(Eakins, Hamilton, Goran-Maler, Dasgupta, Arrow, WB et al.)



Capital assets as foundations of Inclusive Well-being
(And tribes of scientists that study them)

Asset cluster Includes… 
“state variables” related to….

Studied by scholars of geography 
and….

Natural 
capital

Environmental system, its 
ecology, climate, soils, 
biodiversity, minerals, etc.

Earth systems science, 
conservation biology, ecosystem 
services, ecological economics

Manufactured 
capital 

Industrial system: factories, 
roads, cities, infrastructure for 
energy, telecom,  etc.

Industrial ecology, green design,  
pollution control; sustainability
engineering

Human 
capital

Individuals: number/distribution,   
health, education, networks

Demography, education,
environmental health

Social    
capital

Arrangements (economic, 
political, cultural) governing 
interactions (rules, norms, trust)

Political economy, institutions,
policy science, managing the 
commons, governance, sociology

Knowledge 
capital

Scientific findings, technology, 
practical skills and expertise

Research policy, innovation, STS, 
boundary work, social learning… 



Agricultural maximum 
(~1830)

Farm abandonment 
(~1850)

First clearing (~1740)

“Old field” pine succession 
(~1910)

Development is 
about creation, 
depletion, trade 
offs of assets

Development is 
sustainable
when capacity of 
total stock of 
capital assets to 
support inclusive 
human wellbeing 
does not decline 
over the long run

?

Presenter
Presentation Notes
Pause…. Consider this case, your own case: is the ability of the asset stock to support IW declining?



Pursuing Sustainability: Six questions

1. What’s the problem of sustainable development?
2. What should be the goal of efforts to address the problem?
3. What must be sustained to achieve the goal?
4. What is most needed from science and technology?
5. What is most needed from management and governance?
6. How can we link knowledge with action?

Presenter
Presentation Notes
PICK A “CASE” OF YOUR OWN….  ANSWER THESE QUESTIONS 



Capital Assets

Goal of Well-being

Social-Environmental System

Human capital (Ch)
Natural capital (Cn)
Manufactured capital (Cm)
Knowledge capital (Ck)
Social capital (Cs)

Material needs 
Health and education
Flourishing biota
Capabilities
… & their distribution

Understanding how 
Assets interact through 
SES to shape Well-being

4) Needed from science…?

Presenter
Presentation Notes
Start w Goal, Assets…Need to connect, how difference Example of earlier farm scape



Basic Research Foundations:
Understanding Social-Environmental Systems (SES)

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

32

Presenter
Presentation Notes
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… 



Capital Assets

Goals of SD

Consumption Processes

Production Processes

Goods & Services

Human capital (Ch)
Natural capital (Cn)
Manufactured capital (Cm)
Knowledge capital (Ck)
Social capital (Cs)

Material needs 
Health and education
Environment/biota
Safety
… & their distribution

Applied Research Simplification:  PCS Lens (Production-
Consumption Subsystems) of full SES

Guiding sustainability 
transitions in how PCSs 
transform assets into 
inclusive well-being within 
social-environmental system

Presenter
Presentation Notes
* Sustainability transitions needed in how assets are harnessed in essential production-consumption systems



A Production-Consumption System 
transformation:  Germany’s Energiewende
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Practical progress….Units are (Bruttostromerzeugung, Mrd. kWh)



Capital Assets

Goals of SD

Consumption Processes

Production Processes

Goods & Services

Research challenges for guiding sustainability transitions 
in production-consumption subsystems of SES

Complex adaptive dynamics
• Non-linearities, tipping points
• Novelty (innovation, evolution)
• Cross-scale impacts (time, space)
• Emergent properties 

(vulnerability, resilience)

Such features still missing from most 
efforts to link science with practice 
for sustainability (e.g. IPCC)



Pursuing Sustainability: Six questions

1. What’s the problem of sustainable development?
2. What should be the goal of efforts to address the problem?
3. What must be sustained to achieve the goal?
4. What is most needed from science and technology?
5. What is most needed from management and governance?
6. How can we link knowledge with action?

Presenter
Presentation Notes
PICK A “CASE” OF YOUR OWN….  ANSWER THESE QUESTIONS 



Capital Assets

Goals of SD

Consumption Processes

Production Processes

Goods & Services

Human capital (Ch)
Natural capital (Cn)
Manufactured capital (Cm)
Knowledge capital (Ck)
Social capital (Cs)

Material needs 
Health and education
Environment/biota
Safety
… & their distribution
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Complex adaptive dynamics
Externalities (time, space)
Non-linearities, tipping points
Novelty (innovation, evolution)
Emergent properties



Management & governance of Production-Consumption Sys.

Presenter
Presentation Notes
Matson, Pamela,  William C. Clark and Krister Andersson. 2016.  Pursuing sustainability:  A guide to the science and practice. Ch. 4: Governance.  Princeton University Press.	



Capital Assets

Goals of SD

Consumption Processes

Production Processes

Goods & Services

5) What do we most need from management & governance?
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management



Pursuing Sustainability: Six questions

1. What’s the problem of sustainable development?
2. What should be the goal of efforts to address the problem?
3. What must be sustained to achieve the goal?
4. What is most needed from science and technology?
5. What is most needed from management and governance?
6. How can we link knowledge with action?



Understanding “coproduction”  of 
knowledge and practice

New knowledge 
needed for 
sustainability 
transitions comes 
partly from theory, 
mostly from practice

Because SES is 
complex, new 
knowledge will be 
incomplete, often 
leading to error, 
unexpected result

Researchers and 
DMs therefore need 
to be willing to 
acknowledge 
inevitability of 
surprise, adapt to it

In a world full of 
snake-oil salesmen, 
coproduction 
requires building 
trust…..

Presenter
Presentation Notes
Key reading:Clark, William C., Lorrae van Kerkhoff, Louis Lebel, and Gilberto Gallopin. 2016. "Crafting Usable Knowledge for Sustainable Development." Proceedings of the National Academy of Sciences 113(17): 4570-78 (doi: 10.1073/pnas.1601266113)



* Building capacity for 
coproduction of knowledge and 
practice needed for systems 
transformation is perhaps 
greatest challenge facing 
scholars of sustainable 
development

* Requires a next generation of 
“extension”-oriented programs 
and universities committed to 
the pursuit of sustainability 

Presenter
Presentation Notes
Key reading:Clark, William C., Lorrae van Kerkhoff, Louis Lebel, and Gilberto Gallopin. 2016. "Crafting Usable Knowledge for Sustainable Development." Proceedings of the National Academy of Sciences 113(17): 4570-78 (doi: 10.1073/pnas.1601266113)



Capital Assets

Goals of SD

Consumption Processes

Production Processes

Goods & Services

6) How can we link knowledge with action?
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Collaborative partnerships of 
researchers & practitioners,

Facilitated by 
“nextgen” universities 

“Informed agitation” in
Pursuit of sustainability



Pursuing Sustainability: Six questions…
1. What’s the problem of sustainable development?

* growing capacity for systems-level transformations in how we use the environment
2. What should be the goal of efforts to address the problem?

* development pathways for which inclusive human well-being does not decline
3. What must be sustained to achieve the goal?

* capacity of total stock of capital assets to support inclusive human wellbeing
4. What is most needed from science and technology?

* understanding production-consumption systems as complex adaptive systems
5. What is most needed from management and governance?

* adaptive governance, empowerment of marginalized groups
6. How can we link knowledge with action?

* capacity for researcher/stakeholder collaborations leading to “informed agitation” 



Pursuing Sustainability…  
A biased list of sources for further information

• Sustainability Science Program @ Harvard (This 
presentation and related materials )
– www.hks.harvard.edu/centers/mrcbg/programs/sustsci

• PNAS Sustainability Science (current research)
– http://sustainability.pnas.org/

• Annual Review of Environment and Resources
(reviews of core topics in sustainability science)
– http://arjournals.annualreviews.org/loi/energy

• Pursuing sustainability: A guide to the science and 
practice (new book by Pam Matson, Bill Clark, 
Krister Andersson; Princeton Univ. Press)
– http://pursuingsustainability.org

http://www.hks.harvard.edu/centers/mrcbg/programs/sustsci
http://sustainability.pnas.org/
http://arjournals.annualreviews.org/loi/energy
http://pursuingsustainability.org/




Capital Assets

Goals of SD

Consumption Processes

Production Processes

Goods & Services
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Social-
Environmental 
System (SES)

One
Framework 

for 
Sustainability 

Science
(use by World Bank, 

UNEP, scholars)

Presenter
Presentation Notes
One conceptual framework for sustainability analysis.   Adapted from Pam Matson, William Clark and Krister Andersson. 2016. Pursuing sustainability: A guide to the science and practice.  Princeton University Press. (available March 2016; http://press.princeton.edu/titles/10777.html)



Useful in organizing interdisciplinary 
perspectives to understand the 
elephant of sustainable development?



And in harnessing that understanding to 
help guide the herd… the ultimate 
Grand Challenge of Sustainability Science
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