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• Help people understand that our health and well-
being, and that of our children, depends on the 
well-being of the environment, and that we must 
do everything we can to protect the environment 

– Biodiversity sustains all life on earth

– Food choices impact human health and global 
environmental health

– www.chgeharvard.org

Center for Global Health and the 
Environment at Harvard University
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Source:
Mace et al. 2012, 
Trends in Ecology 
and Evolution 27(1); 
Jax and Heink 2015; 
Biological 
Conservation 191

Biodiversity as Foundation across the 
Hierarchy of Ecosystem Services
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Natural Environment is a Constraint - Optimization, 
Not a Tradeoff 

Source: 
http://www.nmfs.noaa.gov/stories/20
12/10/noaa_fisheries_education.html

Environmental factors
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Built-Social-Economic Environment within the 
Natural Environment

Natural Environment

HWB

ES

Ecosystem Types

Biodiversity

Built-Social-Economic 
Environment

Land management
Decision-making

- AOP to map influence of 
exposures and outcomes
- GIS-based decision-
analysis to evaluate 
tradeoffs

- ES mapping

Decision context
Values (e.g., 
recreational 
fisheries, urban 
green space etc.

HWB – human well-
being

AOP – adverse 
outcome pathway

ES – ecosystem 
services
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built-social-
economic

wilderness rural suburban urban

Natural

Environment 
natural 

environment

Built

Social-Economic

dense cities

food

energy

technology values

land use

systems

Perception of the natural environment across the continuum from “pristine” to urban 
ecosystems

Implications for operational definitions of sustainability

80% of Americans live in urban areas – removed from the natural environment (with 
implications for ecosystem services)
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• Subjective and objective aspects to HWB

– Social and economic indicators

– Satisfaction and happiness at the individual level

• Understanding of importance of ES to HWB

– Nature relatedness

– Perception of the natural environment as separate

• Dynamic relationship but policy decisions rely on 
single snapshot

– Both ES, HWB and preferences change over time

Human Well-Being and Ecosystem Services
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An AOP is a conceptual construct that portrays existing 
knowledge concerning the linkage between a direct 
molecular initiating event and an adverse outcome at a 
biological level of organization relevant to outcomes of 
interest from an ecosystem services perspective

AOPs are basically cause-effect pathways written at a molecular 

to organismal level

They actually have a physical basis within the organism and 

follow the signal from initiating event(s) to apical outcome(s)

It is the etiology of the effect-----
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Ecosystem Services 
Valued by 

Stakeholders

Recreational fishery
Existence/nonuse value 
for wildlife

Adverse Outcome of 
Regulatory Interest

Stressors and Sources 

Declines in fish and 
wildlife populationsManagement context
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Click to edit Master title styleQuantitative Frameworks for Adverse Outcome Pathways

Russom et al. ET&C 2014
-- 70% to 90% inhibition in AChE
in brain tissue linked to mortality in 
fish, birds, and mammals

AOP portion

R835795
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Russom et al. ET&C 2014
-- 70% to 90% inhibition in AChE
inhibition in the brain tissue linked to 
mortality in fish, birds, and mammals
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Lead-
contaminated 
upland portion 
of site 

PCB-
contaminated 
aquatic portion 
of site 

Lowest 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Highest  

Lead PCBs 

Remedial alternatives 
to be evaluated

Criteria against which alternatives 
are evaluated (predicted fish 
tissue concentrations 
probabilistic risk results

Source: 
https://www.epa.gov/
bosc/bosc-reports-
and-ord-
responses#deci09
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Methods:

Swing

Direct

Ranking

Rating

Pairwise

Blood lead in children

Cancer risk

Child hazard index

Ecological risk

Habitat suitability / quality

Cost

Community acceptance
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• Network-based approaches for quantifying conditional 
probabilities

• AOP portion of network consists of one or more 
concentration-response functions

• Concentration-response function outputs at the individual 
level link to population models 

• Population models predict regulatory outcome(s) of interest

• Exposures and initial MIEs may differ

• Exposures may impact different key events via different 
mechanisms

• Different approaches depending on data
– High-throughput / in vitro results at each MIE, KE

– in vivo lab or field data that collapses early KE to outcome
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• Tools and approaches exist to support decision 
making

– Bayesian Network Relative Risk Models

– GIS-based decision analytic approaches

• Stakeholders may not fully appreciate relationship of 
ES to HWB

– Nature-relatedness and biophilia

– Push to quantify-monetize ES

– Static versus dynamic 

– Significance of biodiversity across all domains of ES
• Key to resilience

• Key to thriving ecosystems
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• AOP work is supported by USEPA STAR Grant RD-
83579501

– Wayne G. Landis, Scarlett E. Graham, Meagan E. Harris, 
Institute of Environmental Toxicology, Huxley College, 
WWU

– John D. Stark and Chelsea J. Mitchell, Puyallup Research 
and Extension Center, WSU

• GIS and decision analysis work supported by the 
Army Corps of Engineers


