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Ecosystem Services: the 

benefits humans derive from 

functioning ecosystems

Missing: Interaction with 

other forms of capital
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From: Costanza, R., R. de Groot, P. Sutton, S. van der Ploeg, S. Anderson, I. 

Kubiszewski, S. Farber, and R. K. Turner. 2014. Changes in the global value of 

ecosystem services. Global Environmental Change 26:152-158. 

Natural Capital is everything in the world that 

humans do not have to produce or maintain – the 

“gifts of nature”.  

Valuation of natural capital is about assessing 

the relative contributions of natural capital to 

sustainable human well-being.



Some mistaken identities concerning 

ecosystem services and valuation

• Economics  “the Market”

• Valuation   Privatization, Commodification, or Trading

• Expressing values in monetary units   Market or 
exchange values

Also, we cannot avoid valuation:

decisions about ecosystem are implicit valuations



Source: Marre et al. 2016. Is economic valuation of ecosystem services useful to decision-makers? Lessons 

learned from Australian coastal and marine management. Journal of Environmental Management 178:52-62

Importance of  Valuation (n=80)



Source: Marre et al. 2016. Is economic valuation of ecosystem services useful to decision-makers? Lessons 

learned from Australian coastal and marine management. Journal of Environmental Management 178:52-62

Trust in Value Estimates (n=80)





Use of Valuation Appropriate values
Appropriate spatial 

scales

Precision 

Needed

Rising awareness and interest Total values, macro aggregates Regional to global Low

National income and well-

being accounts

Total values by sector and macro 

aggregate

National Medium

Specific policy analysis Changes by policy Multiple depending on policy Medium to high

Urban and regional land use 

planning

Changes by land use scenario Regional Low to medium

Payment for ecosystem

services

Changes by actions due payment Multiple depending on system Medium to high

Full cost accounting Total values by business, product, or 

activity and changes by business, 

product, or activity

Regional to global, given the 

scale of international 

corporations

Medium to high

Common asset trusts Totals to assess capital and changes to 

assess income and loss

Regional to global Medium

Range of uses for ecosystem services valuation

From: Costanza, R., R. de Groot, P. Sutton, S. van der Ploeg, S. Anderson, I. Kubiszewski, S. Farber, and R. K. Turner. 2014. Changes in the 

global value of ecosystem services. Global Environmental Change 26:152-158. 



Rival

Non-rival

Non-ExcludableExcludable

Market Goods 

and Services
(some provisioning 

services)

Common Pool 

Resources
(some provisioning 

services) 

Congestable

Services
(some recreation 

services)

Public Goods 

and Services
(most regulatory and 

cultural services)

EcoServices Classified According to Rivalness and Excludability

From: Costanza, R., 2008. Ecosystem Services: Multiple classification systems are needed. Biological 

Conservation 141:350-352



Elinor Ostrom’s 8 Principles for 

Managing a Commons

1. Define clear group boundaries.

2. Match rules governing use of common goods to local needs 

and conditions.

3. Ensure that those affected by the rules can participate in 

modifying the rules.

4. Make sure the rule-making rights of community members 

are respected by outside authorities.

5. Develop a system, carried out by community members, for 

monitoring members’ behavior.

6. Use graduated sanctions for rule violators.

7. Provide accessible, low-cost means for dispute resolution.

8. Build responsibility for governing the common resource in 

nested tiers from the lowest level up to the entire 

interconnected system.





www.es-partnership.org



The EU Biodiversity Strategy stipulates in Target 2, Action 5 that the member states must 

map and assess the state of the ecosystems and their services and promote the integration 

into the reporting systems at the EU and national level by 2020. 



http://www.thefifthestate.com.au/articles/ken-henry-on-advancing-

australias-natural-capital/82531

“We all know that farmers go through dry and wet times. There 

will be drought.  But when the drought breaks:

- if you have invested in your built capital – your pumps will be 

working, 

- if you’ve invested in your human capital, you’ll have staff to 

operate your machinery and the know-how to run your 

business commercially,

- and if you’ve taken care of your natural capital – managed your 

weeds, your water retention and your soil health – you will be 

well positioned to take advantage of future commercial 

opportunities.

Natural capital is not a footnote in a business 

plan, it is a core asset on the balance sheet.  

That’s true for an individual business; and it is 

true also for the nation.”



“A good ecological environment is 

the most universal common good, 

the most universal aspect of 

people’s wellbeing”

“We would rather have clear water 

and green mountains than 

mountains of silver and gold”

President Xi Jinping

Creating an “ecological civilization”



In a word, businesses profit by calculating 

and paying only a fraction of the costs 

involved. Yet only when “the economic and 

social costs of using up shared environmental 

resources are recognized with transparency 

and fully borne by those who incur them, not 

by other peoples or future generations”, can 

those actions be considered ethical.

Pope Francis, ENCYCLICAL LETTER

LAUDATO SI’ - ON CARE FOR OUR COMMON HOME
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Number	of	Ar cles	Published	on	"Ecosytem	Services"	in	SCOPUS	

Total as of 3/7/2017 = 17,899 
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The value of the world’s 

ecosystem services and 

natural capital
Robert Costanza, Ralph d’Arge, Rudolf de Groot, 

Stephen Farber, Monica Grasso, Bruce Hannon, 

Karin Limburg, Shahid Naeem, Robert V. O’Neill, 

Jose Paruelo, Robert G. Raskin, Paul Sutton & 

Marjan van den Belt
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For the entire biosphere, the value (most of which is 

outside the market) is estimated to be in the range of 

US$16–54 trillion per year, with an average of US$33 trillion 

per year. 

2nd most cited article in the Ecology/Environment area according 

to the ISI Web of Science with more than 7500 citations – which 

puts it in the top 0.01% of all papers ever published.

Valuing





…we estimated the loss of eco-services from 1997 to 2011 due to land use change at

$4.3–20.2 trillion/yr.



Table 2.  Four levels of ecosystem service value aggregation (Kubiszewski and Costanza 

2013) 
 

 

Aggregation method 

 

Assumptions/approach 

 

Examples 
 

 
1. Basic value transfer - 

 
assumes values constant over 

ecosystem types 

 

 
Costanza et al. 1997, Liu et al. 

2010  

2. Expert modified value 

transfer 

adjusts values for local 

ecosystem conditions using 

expert opinion surveys 
 

Batker et al. 2010,  

3. Statistical value transfer builds statistical model of  

spatial and other dependencies 

 

Liu and Stern 2008, deGroot 

et al. 2013 

4. Spatially Explicit 

Functional Modeling 

Builds spatially explicit 

statistical or dynamic systems 

models incorporating 
valuation 

 

Boumans et al. 2002 

Costanza et al. 2008 

Nelson et al. 2009 

 



Track of Hurricane 

Katrina, August 23-

29, 2005, showing 

spatial extent and 

storm intensity 

along its path 

(Source: NOAA)



1839
Past and Projected Wetland Loss in the Mississippi Delta 

(1839 to 2020)

Coastal Louisiana

New Orleans



1870
Past and Projected Wetland Loss in the Mississippi Delta 

(1839 to 2020)

Coastal Louisiana

New Orleans



1993
Past and Projected Wetland Loss in the Mississippi Delta 

(1839 to 2020)

Coastal Louisiana

New Orleans



2020
Past and Projected Wetland Loss in the Mississippi Delta 

(1839 to 2020)

Coastal Louisiana

New Orleans





Picture taken by an automatic camera located at an electrical generating facility on the Gulf Intracoastal Waterway 

(GIWW) where the Route I-510  bridge crosses the GIWW.  This is close to where the Mississippi River Gulf Outlet 

(MRGO) enters the GIWW. The shot clearly shows the storm surge, estimated to be 18-20 ft. in height..



Global Storm Tracks 1980 - 2006







R2 = 0.6





•A loss of 1 ha of wetland in the model corresponded to an average

$33,000 (median = $5,000) increase in storm damage from specific

storms.

•Taking into account the annual probability of hits by hurricanes

of varying intensities, the annual value of coastal wetlands ranged

from $250 to $51,000/ha/yr, with a mean of $8,240/ha/yr (median =

$3,230/ha/yr)

• Coastal wetlands in the US were estimated to currently provide

$23.2 Billion/yr in storm protection services.

From: Costanza, R., O. Pérez-Maqueo, M. L. Martinez, P. Sutton, S. J. Anderson, and K. Mulder.

2008. The value of coastal wetlands for hurricane protection.  Ambio 37:241-248.  
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From: Kubiszewski, Costanza, Anderson, and Sutton. (2017). The Future of Ecosystem Services: Global 

Scenarios and National Implications. Ecosystem Services. 26:289-301. 







• Intelligent Pluralism (Multiple Modeling Approaches), Testing, Cross-
Calibration, and Integration

• Multi-scale in time, space, and complexity

• Can be used as a Consensus Building Tool in an Open, Participatory 
Process

• Acknowledges Uncertainty and  Limited Predictability

• Acknowledges Values of Stakeholders

• Evolutionary Approach Acknowledges History, Limited Optimization, 
and the Co-Evolution of Human Culture and Biology with the Rest  of 
Nature

Integrated Modeling of Humans 
Embedded in Ecological Systems



GUMBO (Global Unified Model of the BiOsphere)

From: Boumans, R.,  R. Costanza, J. Farley, M. A. Wilson, R. Portela, J. Rotmans, F. Villa, and M. 

Grasso. 2002. Modeling the Dynamics of the Integrated Earth System and the Value of Global 

Ecosystem Services Using the GUMBO Model. Ecological Economics 41: 529-560





Achieving Sustainable Societies: Lessons 

from Modelling the Ancient Maya
by Scott Heckbert, Robert Costanza, and Lael

Parrott, Solutions, 5(5), 2014
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Figure 6: Real income of all simulated settlements over time by contributions 

from agriculture, ecosystem services, and trade value. Ecosystem services is 

eventually superceded by agriculture, and both by trade around time step 350.  
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Underlying 

Landscape 

Model

Game 

Interface

Players

Research Results
Better Model-Game linkages

Insights into Human Decision-Making

Ecosystem Services Values 

of Communities and Individuals

Knowledge Transfer via Gaming

Conceptual Diagram: Using Human 

Interactions with Games to Value 

Ecosystem Services



Entertainment
3 billion hours per week 

spent playing computer 

games

Education
learning while playing

Research
game theory, experimental economics,  

resource games, etc.

Uses of Games

Integrated

Games

Costanza, R., K. Chichakly, V. Dale, S. Farber, D. 

Finnigan, K. Grigg, S. Heckbert, I. Kubiszewski, H. 

Lee, S. Liu, P. Magnuszewski, S. Maynard, N. 

McDonald, R. Mills, S. Ogilvy, P. L. Pert, J. Renz, L. 

Wainger, M. Young and C. Richard Ziegler. (2014). 

Simulation games that integrate research, 

entertainment, and learning around ecosystem 

services. Ecosystem Services 10: 195-201.
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Papers mentioned in this presentation 
can be  downloaded from:

www.robertcostanza.com
Thank You



From: Bateman et al. 2013. Bringing Ecosystem Services into Economic 

Decision-Making: Land Use in the United Kingdom. Science 341:45-50



From: Bateman et al. 2013. Bringing Ecosystem Services into Economic Decision-Making: Land Use in the United Kingdom. Science 341:45-50



From: Bateman et al. 2013. Bringing Ecosystem Services into Economic Decision-Making: Land 

Use in the United Kingdom. Science 341:45-50

World Markets

Nature at Work

Example 
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From: Bateman et al. 2013. Bringing Ecosystem Services into Economic Decision-Making: Land Use in the United Kingdom. Science 341:45-50





Green Water Credits


