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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. 



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

From: Costanza, R., R. de Groot, et al. 2014. Changes in the global value of ecosystem services. Global Environmental Change 26:152-158

Range of uses for natural capital and 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. 



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)



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 

 



• 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





Representative selection 

of models to evaluate the 

effects of sustainable 

land management. 
Divided by scale and 

type. 

From: Turner, K. G. et al. 2016. A review of 

methods, data, and models to assess changes in 

the value of ecosystem services for land 

degradation and restoration. Ecological 

Modelling 319:190–207
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Figure 1. Diagram of complexity with which IGMs capture socioeconomic systems, natural 

systems, and human-environment feedbacks 
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MODEL COMPLEXITY 

0 = Not addressed in model. 

1 = Exogenous input to model. 

2 = Endogenous w/o feedback in model 

3 = Endogenous w/ feedback (mid-complexity) 

4 = Endogenous w/ feedback (very complex) DEGREE OF HISTORIC CALIBRATION 

Low   High 
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From: Costanza, R., R. Leemans, R. Boumans, and E. Gaddis. 2007. Integrated global models.  Pp 417-446  in: R. Costanza, L. 

Graumlich, and W. Steffen (eds.). Sustainability or Collapse? An Integrated History and future Of People on Earth. MIT Press. 

Cambridge, MA.





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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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.”
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From:  Costanza, R. et al. 2014. Simulation 

games that integrate research, 

entertainment, and learning around 

ecosystem services. Ecosystem Services  

10:195-201



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

From:  Costanza, R. et al. 

2014. Simulation 

games that integrate 

research, 

entertainment, and 

learning around 

ecosystem services. 

Ecosystem Services  

10:195-201
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From: Kubiszewski, Costanza et al. 2013. Beyond 

GDP: Measuring and Achieving Global Genuine 

Progress. Ecological Economics 93:57-68 
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