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Conceptual Models: Used by many organizations



What is an 
Ecosystem Services Conceptual Model?

Natural Stressor 
(fire, hurricane, 
drought… etc..)



Types of Conceptual Models
Types of Models Characteristics What it takes to make them

Exploratory Preliminary, incomplete, unspecified Quick initial sketch.  Takes a few hours to a day, 
ideally with some input from experts, 
managers, and stakeholders or knowledge of 
the issues. 

General Complete, vetted, captures changes in 
generalized categories that represent a 
habitat or intervention type.  (A parent 
model) 

Few weeks to get sufficient expert/stakeholder 
input

Specified Complete, vetted, captures specific 
outcomes (including species, 
recreational activities, etc…) that are 
specific to place and decision context 
(mostly likely to be used in decisions 
and to have quantifiable indicators 
associated)

Requires input from (or at a minimum 
knowledge of the priorities for a) wide range of 
stakeholders and beneficiaries as well as input 
from managers and experts. 



Building evidence based ESCMs

1) Start with an exploratory or general model 
2) Specify the model for your context
3) Clarify model assumptions
4) Build an evidence library
5) Assess the evidence
6) Map the strength of evidence 

Add-ons:  
• Developing common indicators
• Building a predictive model



1. Four questions can help start the model building process

1.How does an 
intervention affect 
biophysical and 
ecological conditions?

3.How do the changes in 
delivery of services affect 
the benefits or costs to 
individuals or groups?

2.How do changes in these 
conditions lead to changes in the 
delivery of ecosystem services to 
people who are using them, affected 
by them or appreciating them?

How does an intervention 
directly affect people?



2. Specifying the models



3.Articulating assumptions

Figure 5. Example of articulating model assumptions



4. Evidence Library
• Description of the 

relationship 
• Summary of the 

evidence 
• Confidence in the 

assumption given 
available evidence 

• List of other factors that 
may result in variation 
(location, timing, 
external drivers, and so 
on) 

• List of sources



5. Evidence Assessment Matrix



6. Strength of 
Evidence Map

GREEN – high
YELLOW - Fair

PURPLE – Low or None

-----> Short-term

Long-term



Indicators



Time and Expertise Required

Task Time Expertise
Exploratory Model 1 hour to 1 day Familiarity with ES and 

conceptual models
Refined Model (general or 
specified)

1 to 2 weeks for articulation of 
assumptions and expert review

Same as above

Identifying socio-economic 
indicators/metrics

Part of initial 1 hr – 1 day 
session

Assessing indicator/metric 
feasibility

0.5-6 months full time Familiarity with socio-economic
measures and local monitoring

Initial evidence library and 
evidence assessment

6 weeks full time for new one
3 weeks or fewer for adapting

Experience with literature 
review and gathering expert 
input, understanding of 
ecosystems, and ecosystem 
services



How ESCMs can help with implementation 
• Get stakeholders and experts on the same page. 
• Provide an intuitive entry point for those new to considering ecosystem services 
• Capture priorities and link them to interventions in a transparent and systematic way. 
• Make sure there are no critical outcomes/impacts that are missing from consideration.
• Provide an evidence-based qualitative assessment of ecosystem services implications of 

interventions. 
• Provide a common foundation of best available science to reduce time and expertise 

needed for use and to reduce duplication of effort.
• Identify critical information gaps that generate significant uncertainty for decision 

makers, and pinpoint crucial research/monitoring needs.
• Identify a subset of socio-economic metrics that best capture important ecosystem service 

outcomes. 
• Provide consistency in services assessed, evidence considered, and metrics selected.
• Provide a consistent and credible foundation for qualitative assessments, quantitative 

assessments, or monetary or non-monetary valuation where such methods are desired



Large Scale Solar Installation 
for BLM



ESCM: Large-scale 
solar on BLM-
managed land



NOAA and NERRS Salt Marsh 
Habitat Restoration





General Model Adaptability

Model Adaptability Case Studies:
• Retrospective: Great Bay, NH
• Prospective: San Francisco, CA
• Quantitative: San Francisco, CA

Great Bay
San Francisco

Quantitative Model



New Applications of ESCMs
Gulf of Mexico (RESTORE,
NRDA, States)

General Models &
Common Metrics

Oyster reef restoration & TBD

NOAA National Estuary
Research Reserves

Common Metrics & 
Predictive Model 
Library and 
Communications

Oyster reef restoration &
Mangrove restoration

Department of Defense Bayesian Predictive 
Model

ES provided by military bases; How base 
management changes ES provision

US Forest Service General Models & 
Predictive Model 
and Data Library

How forest management activities affect 
ES provision



Take Home Messages

• Given a constrained set of ways in which managers manipulate the 
natural environment and a fixed number of effects such management 
can have on the environment and people, it seems possible to establish 
a reference set of evidence-based conceptual models that become a go-
to resource.

• These reference models could provide efficiency and consistency in 
application. 

• The development of such a repository would help transition ecosystem 
services consideration from an interesting concept to an actionable 
approach to natural resource management. 



Questions? 
ESCM series https://nicholasinstitute.duke.edu/conceptual-model-series
Contact: Lydia.olander@duke.edu
https://nespguidebook.com/
If you are interested in joining the NESP e-mail list, 
please e-mail nesp@duke.edu.
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