
Scenario-based climate change adaptation that 
strategically resists, accepts, and directs human-

caused ecological trajectories in grasslands

USFWS Grasslands & Climate Adaptation 
Workshop

Gregor Schuurman, PhD

NPS Climate Change Response Program

24 January 2023
1



Scenario-based CC adaptation The RAD framework

2



Scenario-based CC adaptation The RAD framework

3



4

First, a quick poll 
to gauge your familiarity
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Please indicate your level of experience (if any) with 
scenario-based natural resource climate change 
adaptation:

1) I don’t know much, beyond maybe having heard the term, 

2) I am somewhat familiar with the approach but haven’t been trained

3) I have some training or experience



Scenario-based adaptation!
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Key recent partners in NPS scenario-based adaptation R&D:

Brian Miller – USGS North Central Climate Adaptation Science Center

Amy Symstad – USGS Northern Prairie Wildlife Research Center

Amber Runyon – NPS Climate Change Response Program

Brecken Robb – USFWS Science Applications



https://www.theguardian.com
/environment/2021/jul/08/he
at-dome-canada-pacific-
northwest-animal-deaths

https://theconversation.com/ro
cky-mountain-forests-burning-
more-now-than-any-time-in-
the-past-2-000-years-162383

https://www.nytimes.com/2022/06/15/us/yellowstone-national-park-
floods.html
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OUTLINE – Scenario-based adaptation 
• Introduction to scenario planning
• Participatory scenario-based climate change adaptation
• Generalized approach
• Management outcomes

• Q&A
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OUTLINE – Scenario-based adaptation 
• Introduction to scenario planning
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IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The Physical Science Basis. 
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change. Cambridge University Press. Pp. 3-32.
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Historical Average RCP 4.5 (Lower Emissions) Ave. RCP 8.5 (Higher Emissions) Ave.
Historical Range RCP 4.5 Range RCP 8.5 Range
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Historical Average RCP 4.5 (Lower Emissions) Ave. RCP 8.5 (Higher Emissions) Ave.
Historical Range RCP 4.5 Range RCP 8.5 Range



Despite uncertainty, resource managers 
need to make decisions and act to meet 
goals.  

In a changing world with an uncertain 
future, how can we know what to do?

16



Despite uncertainty, resource managers 
need to make decisions and act to meet 
goals.  

In a changing world with an uncertain 
future, how can we know what to do?

Image: Gary Larson
http://allyduncan.blogspot.com/2009/09/daily-lol-far-side-damned-if-you-do.html 17
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https://www.nps.gov/subjects/climatechange/
scenarioplanning.htm



Schuurman et al. 2022 (Park Science)
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• Has been applied in a variety of contexts, and in many forms

Images: Wikimedia Commons

By Konstantin Von Wedelstaedt [GFDL 1.2]

By Sai Saketh [CC-BY-SA-4.0]

Scenario Planning
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Ken Teegardin

Bart Everson

Ian Muttoo

Betty Frankenfield Retirement
Images: Wikimedia Commons

Scenario Planning
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Scenario planning asks a simple question: What might happen?

We cannot know what will happen, but we can prepare for what might
happen.
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Scenario Planning



Scenario planning asks a simple question: What might happen?

We cannot know what will happen, but we can prepare for what might
happen.

When we ask what might happen, we need to guard against 

OPTIMISM BIAS 
- A common human tendency to underestimate the probability and 
consequences of negative outcomes.
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Scenario Planning



Unfortunately, a number of imagined, worst-case scenarios have played 
out on NPS lands in recent years…
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Unprecedented wildfire

Lassen Volcanic NP

Extreme rain+flooding

Acadia NP

Permafrost thaw+landslides
Denali NP



Strategies for tempering OPTIMISM BIAS

• Think about the unthinkable: We are better prepared to act when we 
proactively confront the possibility of worst-case realities.

• Think bigger: Don’t downplay the severity or magnitude of extreme 
scenarios. Anticipating extremes boosts our capacity regardless of what 
happens.

• Plan for sooner rather than later: It’s better to imagine difficult futures 
happening sooner than anticipated, and recognize signs of extreme 
change.

• Give fair attention to the improbable: Strive for objectivity in interpreting 
the best available information for scenarios to help prepare for extreme, 
complex events.
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OUTLINE – Scenario-based adaptation 
• Introduction to scenario planning
• Participatory scenario-based climate change adaptation
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Knife River Indian 
Villages National 
Historic Site

Wind Cave 
National Park

Badlands 
National Park

Wind Cave 
National Park

Devils 
Tower 
National 
Monument

NPS Climate Change Scenario Planning

NPS

NPS NPS

NPS
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Changing use of scenario-based approaches 
to address climate change uncertainty
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OUTLINE – Scenario-based adaptation 
• Introduction to scenario planning
• Participatory scenario-based climate change adaptation
• Generalized approach
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Generalized scenario-based adaptation approach 



Climate Future
Summary of relevant climate data from 
specific climate projections. Multiple 
climate futures are used to encompass 
the range of ways climate could change 
in coming decades. Climate futures 
establish the fundamental structure of 
climate-resource scenarios (Gross et al., 
2016).

Scenario-based climate change adaptation
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Climate Future
Summary of relevant climate data from 
specific climate projections. Multiple 
climate futures are used to encompass 
the range of ways climate could change 
in coming decades. Climate futures 
establish the fundamental structure of 
climate-resource scenarios (Gross et al., 
2016).

Climate-Resource Scenario
Climate-resource scenarios are created –
generally in collaboration with park staff 
and resource specialists – by adding 
potential resource implications to 
climate futures.

Scenario-based climate change adaptation
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Climate Future
Summary of relevant climate data from 
specific climate projections. Multiple 
climate futures are used to encompass 
the range of ways climate could change 
in coming decades. Climate futures 
establish the fundamental structure of 
climate-resource scenarios (Gross et al., 
2016).

Climate-Resource Scenario
Climate-resource scenarios are created –
generally in collaboration with park staff 
and resource specialists – by adding 
potential resource implications to 
climate futures.

Decision making
Responses to critical implications of 
climate resource scenarios are 
developed. The goal is to use the 
scenarios to brainstorm and then 
winnow down a set of climate change-
informed resource management 
objectives and actions and feed them 
into planning. 

Scenario-based climate change adaptation
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Example from Devils Tower National Monument

Climate Future
Summary of relevant climate data from 
specific climate projections. Multiple 
climate futures are used to encompass 
the range of ways climate could change 
in coming decades. Climate futures 
establish the fundamental structure of 
climate-resource scenarios (Gross et al., 
2016).

Climate-Resource Scenario
Climate-resource scenarios are created –
generally in collaboration with park staff 
and resource specialists – by adding 
potential resource implications to 
climate futures.

Decision making
Responses to critical implications of 
climate resource scenarios are 
developed. The goal is to use the 
scenarios to brainstorm and then 
winnow down a set of climate change-
informed resource management 
objectives and actions and feed them 
into planning. 

A climate future for Devils Tower 
National Monument projects a 4 °F 
increase in annual temperature with 
14% decreases in spring and summer 
precipitation–resulting in substantial 
declines in soil moisture and runoff.

Resulting in a climate-resource 
scenario with: decreased vegetation 
production, increased fire risk, and 
drought-induced declines in ponderosa 
pine, cottonwoods, and oaks. Visitation 
increase due to expanded shoulder 
season, and potential for increase in 
heat-related illness.

Based on this and additional 
scenarios, the park realized that their 
historical goals of improving riparian 
and maintaining ponderosa forests 
might be untenable. Therefore, they 
brainstormed a broad set of new 
approaches to detect and respond to 
change, incl revising monitoring.

Scenario-based climate change adaptation
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Generalized scenario-based adaptation approach 
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Generalized scenario-based adaptation approach 
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Generalized scenario-based adaptation approach 

Scenarios
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Generalized scenario-based adaptation approach 

Climate Futures
Summaries of relevant climate data from 
specific climate projections. Multiple 
climate futures are used to encompass 
the range of ways climate could change 
in coming decades. Climate futures 
establish the fundamental structure of 
climate-resource scenarios (Gross et al., 
2016).

Scenarios
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Generalized scenario-based adaptation approach 

Climate Futures
Summaries of relevant climate data from 
specific climate projections. Multiple 
climate futures are used to encompass 
the range of ways climate could change 
in coming decades. Climate futures 
establish the fundamental structure of 
climate-resource scenarios (Gross et al., 
2016).

Climate-Resource Scenarios
Climate-resource scenarios are created –
generally in collaboration with park staff 
and resource specialists – by adding 
potential resource implications to 
climate futures.

Scenarios
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Generalized scenario-based adaptation approach 

Climate Futures
Summaries of relevant climate data from 
specific climate projections. Multiple 
climate futures are used to encompass 
the range of ways climate could change 
in coming decades. Climate futures 
establish the fundamental structure of 
climate-resource scenarios (Gross et al., 
2016).

Climate-Resource Scenarios
Climate-resource scenarios are created –
generally in collaboration with park staff 
and resource specialists – by adding 
potential resource implications to 
climate futures.

Scenarios

Decision making
Responses to critical implications of 
climate resource scenarios are 
developed. The goal is to use the 
scenarios to brainstorm and then 
winnow down a set of climate change-
informed resource management 
objectives and actions and feed them 
into planning.
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Illustrating scenario-based adaptation
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Illustrating scenario-based adaptation



NPSAmy Symstad

Amy Symstad

Brian Miller

Brian Miller

NPS NPS NPS

NPS
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Badlands NP



Badlands NP focal resources
• Grasslands & grazing
• Infrastructure
• Paleo & archaeological resources
• T&E Species
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Illustrating scenario-based adaptation
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Climate Futures
Summaries of relevant climate data from 
specific climate projections. Multiple 
climate futures are used to encompass 
the range of ways climate could change 
in coming decades. Climate futures 
establish the fundamental structure of 
climate-resource scenarios (Gross et al., 
2016).

Scenarios



Badlands NP focal resources
• Grasslands & grazing
• Infrastructure
• Paleo & archaeological resources
• T&E Species
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Illustrating scenario-based adaptation



Badlands NP focal resources
• Grasslands & grazing
• Infrastructure
• Paleo & archaeological resources
• T&E Species
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Miller BW, Symstad AJ, Schuurman GW. 2019. Implications of Climate Change 
Scenarios for Badlands National Park Resource Management. Resource Brief, National 
Park Service Resource Brief. Fort Collins, CO.

Illustrating scenario-based adaptation



Devils Tower NM - changes in extreme precip. events & hot days in 2040*  

Schuurman, G. W., A. J. Symstad, B. W. 
Miller, A. N. Runyon, and R. Ohms. 2019. 
Climate change scenario planning for 
resources stewardship: Applying a novel 
approach in Devils Tower National 
Monument. Natural Resource Report 
NPS/NRSS/CCRP/NRR—2019/2052, National 
Park Service, Fort Collins, CO.

Illustrating scenario-based adaptation

*Relative to 1950-1999  

49



50



51Miller BW, Symstad AJ, Schuurman GW,. 2019. Implications of Climate Change Scenarios for Badlands National Park Resource 
Management. Resource Brief, National Park Service Resource Brief. Fort Collins, CO.
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Climate Futures
Summaries of relevant climate data from 
specific climate projections. Multiple 
climate futures are used to encompass 
the range of ways climate could change 
in coming decades. Climate futures 
establish the fundamental structure of 
climate-resource scenarios (Gross et al., 
2016).

Climate-Resource Scenarios
Climate-resource scenarios are created –
generally in collaboration with park staff 
and resource specialists – by adding 
potential resource implications to 
climate futures.

Scenarios



“Scenarios are stories about 
the ways that the world might 
turn out tomorrow…

…that can help us recognize 
and adapt to changing aspects 
of our current environment”

-Peter Schwartz

What are scenarios?

Photo: Tomáš Malík (Unsplash) 53



Photos: B.W. Miller, G. Schuurman 54

Illustrating scenario-based adaptation
Badlands NP participatory scenario-building



• Modeled veg. biomass & 
composition & mgmt. costs:
– 4 climate futures
– 4 management alternatives

• Grazing rates/seasons
• Rx fire
• Invasive inventory & treatment
• Vary by jurisdiction

Miller, BW, AJ Symstad, L Frid, NA Fisichelli, GW Schuurman. 2017. Co-producing simulation models to 
inform resource management: a case study from southwest South Dakota. Ecosphere 8(12).
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Illustrating scenario-based adaptation
Badlands NP quantitative scenario-building
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Miller BW, Symstad AJ, Schuurman GW,. 
2019. Implications of Climate Change 
Scenarios for Badlands National Park 
Resource Management. Resource Brief, 
National Park Service Resource Brief. Fort 
Collins, CO.



57Miller BW, Symstad AJ, Schuurman GW,. 2019. Implications of Climate Change Scenarios for Badlands National Park Resource 
Management. Resource Brief, National Park Service Resource Brief. Fort Collins, CO.
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Decision making
Responses to critical implications of 
climate resource scenarios are 
developed. The goal is to use the 
scenarios to brainstorm and then 
winnow down a set of climate change-
informed resource management 
objectives and actions and feed them 
into planning.

Climate Futures
Summaries of relevant climate data from 
specific climate projections. Multiple 
climate futures are used to encompass 
the range of ways climate could change 
in coming decades. Climate futures 
establish the fundamental structure of 
climate-resource scenarios (Gross et al., 
2016).

Climate-Resource Scenarios
Climate-resource scenarios are created –
generally in collaboration with park staff 
and resource specialists – by adding 
potential resource implications to 
climate futures.

Scenarios



Strategy

Scenario 1

Scenario 2

Scenario 3

Graphic: modified from NPS Climate Change Response Program 59

Illustrating scenario-based adaptation
‘Wind-tunneling’
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Illustrating scenario-based adaptation
Categorizing wind-tunneling outcomes

Business as 
Usual

•Current goal

•Current actions

Climate 
Rebuild

•Revised goal

•Revised actions

Climate 
Retrofit

•Current goal

•Revised actions



Illustrating scenario-based adaptation
Categorizing wind-tunneling outcomes
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Decision making
Responses to critical implications of 
climate resource scenarios are 
developed. The goal is to use the 
scenarios to brainstorm and then 
winnow down a set of climate change-
informed resource management 
objectives and actions and feed them 
into planning.

Climate Futures
Summaries of relevant climate data from 
specific climate projections. Multiple 
climate futures are used to encompass 
the range of ways climate could change 
in coming decades. Climate futures 
establish the fundamental structure of 
climate-resource scenarios (Gross et al., 
2016).

Climate-Resource Scenarios
Climate-resource scenarios are created –
generally in collaboration with park staff 
and resource specialists – by adding 
potential resource implications to 
climate futures.

Scenarios
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Decision making
Responses to critical implications of 
climate resource scenarios are 
developed. The goal is to use the 
scenarios to brainstorm and then 
winnow down a set of climate change-
informed resource management 
objectives and actions and feed them 
into planning.

Climate Futures
Summaries of relevant climate data from 
specific climate projections. Multiple 
climate futures are used to encompass 
the range of ways climate could change 
in coming decades. Climate futures 
establish the fundamental structure of 
climate-resource scenarios (Gross et al., 
2016).

Climate-Resource Scenarios
Climate-resource scenarios are created –
generally in collaboration with park staff 
and resource specialists – by adding 
potential resource implications to 
climate futures.
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OUTLINE – Scenario-based adaptation 
• Introduction to scenario planning
• Participatory scenario-based climate change adaptation
• Generalized approach
• Management outcomes
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Example from Devils Tower National Monument

Climate Future
Summary of relevant climate data from 
specific climate projections. Multiple 
climate futures are used to encompass 
the range of ways climate could change 
in coming decades. Climate futures 
establish the fundamental structure of 
climate-resource scenarios (Gross et al., 
2016).

Climate-Resource Scenario
Climate-resource scenarios are created –
generally in collaboration with park staff 
and resource specialists – by adding 
potential resource implications to 
climate futures.

Decision making
Responses to critical implications of 
climate resource scenarios are 
developed. The goal is to use the 
scenarios to brainstorm and then 
winnow down a set of climate change-
informed resource management 
objectives and actions and feed them 
into planning. 

A climate future for Devils Tower 
National Monument projects a 4 °F 
increase in annual temperature with 
14% decreases in spring and summer 
precipitation–resulting in substantial 
declines in soil moisture and runoff.

Resulting in a climate-resource 
scenario with: decreased vegetation 
production, increased fire risk, and 
drought-induced declines in ponderosa 
pine, cottonwoods, and oaks. Visitation 
increase due to expanded shoulder 
season, and potential for increase in 
heat-related illness.

Based on this and additional 
scenarios, the park realized that their 
historical goals of improving riparian 
and maintaining ponderosa forests 
might be untenable. Therefore, they 
brainstormed a broad set of new 
approaches to detect and respond to 
change, incl revising monitoring.

Scenario-based climate change adaptation
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Photo: Russ Cash (NPS)
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Photo: NPS
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OUTLINE – Scenario-based adaptation
• Introduction to scenario planning
• Participatory scenario-based climate change adaptation
• Generalized approach
• Management outcomes

• Q&A
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Questions or comments about scenario-
based climate change adaptation?

81



Intermission
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Scenario-based CC adaptation The RAD framework
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Another quick poll 
to gauge your familiarity
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Please indicate your level of experience (if any) with the 
resist-accept-direct (RAD) framework:

1) I don’t know much (“isn’t this surfer slang from the 80s?”)

2) I am somewhat familiar with the framework

3) I am familiar with the framework (e.g., have seen webinars or read key 
papers)



OUTLINE – the RAD framework
• Brief RAD framework introduction
• Background – the challenge of climatic & ecological non-stationarity
• Addressing non-stationarity
• Exploring the framework
• Applying the framework
• RAD vs other frameworks

86



OUTLINE – the RAD framework
• Brief RAD framework introduction
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What is the RAD framework?
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What is the RAD framework?

A tool to foster clear, strategic responses to 
strong human-driven ecological trajectories or 
abrupt changes



Design adapted from Thompson et al. 2020

Resist Accept

Direct
90

What is the RAD framework?

A tool to foster clear, strategic responses to 
strong human-driven ecological trajectories or 
abrupt changes
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https://www.fws.gov/refuges/wildlife-conservation/climate-change.html
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Generalized scenario-based adaptation approach 

Scenarios

Where is the framework applied in adaptation?
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Generalized scenario-based adaptation approach 

Scenarios

Where is the framework applied in adaptation?



BioScience Special Section, published Jan 2022

1. Schuurman, G.W., Cole, D., Cravens, A.E., Covington, S., Crausbay, S., Hawkins Hoffman, 
C., Lawrence, D., Magness, D., Morton, J., Nelson, L., O’Malley, R. Navigating ecological 
transformation: Resist-Accept-Direct (RAD) as a path to a new resource management paradigm.

2. Magness, D.R., Hoang, L., Belote, R. T., Brennan, J., Carr, W., Chapin III, F. S., Clifford, K. 
R., Morrison, W., Morton, J. M., Sofaer, H. R. Management foundations for navigating 
ecological transformation by resisting, accepting, or directing social-ecological change.

3. Lynch, A. J., Thompson, L. M., Morton, J. M., Beever, E. A., Clifford, M., Limpinsel, D., 
Magill, R. T., Magness, D. R., Melvin, T. A., Newman, R. A., Porath, M. T., Rahel, F. J., 
Reynolds, J. H., Schuurman, G. W., Sethi, S. A., Wilkening, J. L. RAD adaptive management 
for transforming ecosystems. 

4. Clifford, K.R., Cravens, A.E., Knapp, C. Responding to ecological transformation: Mental 
models, external constraints, and manager decision-making.

5. Crausbay, S., Sofaer, H.R., Cravens, A.E., Chaffin, B., Clifford, K., Gross, J.E., Lawrence, 
D.J., Knapp, C., Magness, D.R., Miller-Rushing, A., Schuurman, G.W., Stevens-Rumann, C. 
A science agenda to support natural resource management decisions in an era of ecological 
transformation. 95



96https://www.nps.gov/subjects/climatechange/resistacceptdirect.htm
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Generalized scenario-based adaptation approach 

Scenarios

Where is the framework applied in adaptation?
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Magill, R. T., Magness, D. R., Melvin, T. A., Newman, R. A., Porath, M. T., Rahel, F. J., 
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for transforming ecosystems. 
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5. Crausbay, S., Sofaer, H.R., Cravens, A.E., Chaffin, B., Clifford, K., Gross, J.E., Lawrence, 
D.J., Knapp, C., Magness, D.R., Miller-Rushing, A., Schuurman, G.W., Stevens-Rumann, C. 
A science agenda to support natural resource management decisions in an era of ecological 
transformation. 98
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OUTLINE – the RAD framework
• Brief RAD framework introduction
• Background – the challenge of climatic & ecological non-stationarity
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*“the idea that natural systems fluctuate within an unchanging envelope of variability”
(Milly et al. 2008. Stationarity is dead: Whither water management? Science 319: 573–574)



Experienced weather

Time

Te
m

pe
ra

tu
re

Stationarity*

102

*“the idea that natural systems fluctuate within an unchanging envelope of variability”
(Milly et al. 2008. Stationarity is dead: Whither water management? Science 319: 573–574)
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*“the idea that natural systems fluctuate within an unchanging envelope of variability”
(Milly et al. 2008. Stationarity is dead: Whither water management? Science 319: 573–574)
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*“the idea that natural systems fluctuate within an unchanging envelope of variability”
(Milly et al. 2008. Stationarity is dead: Whither water management? Science 319: 573–574)

•Historical/ 
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Ecological 
resilience

*“the idea that natural systems fluctuate within an unchanging envelope of variability”
(Milly et al. 2008. Stationarity is dead: Whither water management? Science 319: 573–574)

•Historical/ 
natural 
range of 
variability
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Ecological 
resilience

*“the idea that natural systems fluctuate within an unchanging envelope of variability”
(Milly et al. 2008. Stationarity is dead: Whither water management? Science 319: 573–574)
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Trend departs 
historical range of 

variability

“Climate departure” 
(min conditions > 

historical max)
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https://www.klcc.org/health-medicine/2021-06-29/here-to-stay-extreme-heat-will-be-ongoing-public-health-issue-in-lane-co
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https://www.curbed.com/2021/07/tropical-storm-elsa-subway-flooding.html
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https://glueottawa.com/2020/02/05/are-warmer-winters-here-to-stay/
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https://www.eenews.net/articles/noaa-record-setting-high-tide-floods-here-to-stay/
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Blackwater National Wildlife Refuge; https://news.trust.org/item/20210901005958-qq10g/; image by Carey Biron
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https://www.theguardian.com/environment/2021/jul/08/heat-dome-canada-pacific-northwest-animal-deaths
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Transformation*

* Ecological transformation: “the dramatic and effectively irreversible shift in multiple ecological characteristics of an 
ecosystem, the basis of which is a high degree of turnover in ecological communities” (Crausbay et al. 2022. BioScience)
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Nolan et al. 2018 Science

Paleo-transformations were pervasive
when climate change was rapid

Ecological transformation in the paleorecord
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The threat of future transformations is pervasive
Nolan et al. 2018 Science

Ecological transformation in the future



Experienced weather

Time

Ecological condition

Te
m

pe
ra

tu
re

Transformation

Key points: 
1. Systems vary in proximity to transformation
2. But many are on a strong human-driven ecological trajectory or 

face increasing prospects of large, abrupt ecological change

?

?
??

?
? ?
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Recent turnover in ecological communities
median 28% of species replaced / decade

Blowes et al. 2019 Science
121



122https://www.nps.gov/subjects/climatechange/birdsinparks.htm & https://www.audubon.org/climate/national-parks
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https://www.cbsnews.com/news/california-wildfires-sqeuoias-general-sherman-tree-blanket-sierra-
nevada/?fbclid=IwAR0pWxhM7W4SEHzNBWQpzI6b6cWrB2dXKx0KQgWbp8LafNQfZJPpeb8nNmQ
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Interactive feature – fill out top box in your 
worksheet

• What climate change-driven ecological trajectory or abrupt ecological 
change are you are experiencing or worried is headed your way?

126



This is a heavy topic

127
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This reality challenges the historical natural resource management paradigm

Slide courtesy of C. Hawkins Hoffman
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This reality challenges the historical natural resource management paradigm

Slide courtesy of C. Hawkins Hoffman
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This reality challenges the historical natural resource management paradigm

Slide courtesy of C. Hawkins Hoffman
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This reality challenges the historical natural resource management paradigm

Slide courtesy of C. Hawkins Hoffman

“…managing an ecosystem within its range of natural variability is an appropriate 
path to maintaining diverse, resilient, productive, and healthy systems.” Landres et 
al. 1999
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National Wildlife Refuge System policy

601 FW 3 Biological Integrity, Diversity, and Environmental Health

Historic Conditions Composition, structure, 
and functioning of ecosystems resulting from 
natural processes that we believe, based on 
sound professional judgment, were present 
prior to substantial human-related changes 
to the landscape.

fws.gov

“In administering the System, the Secretary shall…ensure that the biological integrity, diversity, and 
environmental health of the System are maintained for the benefit of present and future generations of 
Americans…

This reality challenges the historical natural resource management paradigm



133

The Service will…try to maintain all the components and processes of
naturally evolving park ecosystems, including the 

natural abundance, diversity, genetic / ecological integrity  of plant and animal species 

native to those ecosystems.  Just as all components of a 

natural system will be recognized as important, 

natural change will also be recognized as an integral part of the functioning of 

natural systems.  By preserving these components and processes in their 

natural condition, the Service will prevent resource degradation and therefore avoid any 
subsequent need for resource restoration.

NPS Management Policies 2006, 4.1

This reality challenges the historical natural resource management paradigm
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Natural condition:
“the condition of resources that 
would occur in the absence of 
human dominance over the 
landscape”

This reality challenges the historical natural resource management paradigm
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“For managers of ecosystems on trajectories toward 
transformation, resisting ecological change, even where 
feasible, may require sustained and intensifying efforts 
(Millar et al. 2007), as well as trade-offs regarding other 
management objectives.” 

This reality challenges the historical natural resource management paradigm
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“For managers of ecosystems on trajectories toward 
transformation, resisting ecological change, even where 
feasible, may require sustained and intensifying efforts 
(Millar et al. 2007), as well as trade-offs regarding other 
management objectives.

Stream diversions and snow fencing, for example, may delay 
climate change-induced transformation of a wet meadow 
into shrubland or forest (via desiccation), but fencing would 
likely affect other important ecological features and 
processes (e.g., the stream from which water is diverted or 
wildlife movement patterns), as well as the human 
experience of that place.”

This reality challenges the historical natural resource management paradigm
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you’re undergoing

^
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you’re undergoing

^
“That’s a bummer, man.”
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“Natural resource managers and conservation 
practitioners are working in a world very different from 
that in which most agencies and management traditions 
formed...”
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“Natural resource managers and conservation 
practitioners are working in a world very different from 
that in which most agencies and management traditions 
formed, and non-stationarity places a manager in a terra 
incognita in which tools and assumptions from the past 
are increasingly unhelpful and new approaches to address 
novel climatic and ecological circumstances are urgently 
needed...”



142

“Paradigm shifts happen when community members… 
search for new ways of thinking about or approaching a 
problem.”
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“Driven by the need to find solutions to these 
emerging challenges, biodiversity conservation 
is entering a phase of prolific innovation.” 

Kueffer and Kaiser-Bunbury 2014, p. 131



OUTLINE – the RAD framework
• Brief RAD framework introduction
• Background – the challenge of climatic & ecological non-stationarity
• Addressing non-stationarity
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How to make unavoidable choices strategically?
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How to make unavoidable choices strategically?

146

Managers see:
• Unprecedented management challenge(s)
• Broad encouragement to think differently



“Manage for change, not just persistence”

https://portals.iucn.org/library/sites/library/files/documents/PAG-024.pdf147



But how?
(details TBD)
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How to make unavoidable choices strategically?

149

Managers see:
• Unprecedented management challenge(s)
• Broad encouragement to think differently
• But an overwhelming set of options, frameworks, and concepts 

(paradigm shift)



Source

Persistence Change Stein et al. 2014

Adaptation typologies
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Source

Persistence Change Stein et al. 2014

Resist Resilience Response Millar et al. 2007

Resist Accept Guide Aplet & Cole 2010 (from 2007 workshop)

Restraint Resilience Resistance Realignment Stephenson & Millar 2011

Refugia Ecosystem maintenance Natural adaptation Facilitate transitions Magness et al. 2011

Anticipatory Reactive Stein et al. 2014

Adaptation typologies
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How to make unavoidable choices strategically?

153

Managers see:
• Unprecedented management challenge(s)
• Broad encouragement to think differently
• But an overwhelming set of options, frameworks, and concepts 

(paradigm shift)
Managers need tools to help make navigating this challenge tractable:



How to make unavoidable choices strategically?

154

Managers see:
• Unprecedented management challenge(s)
• Broad encouragement to think differently
• But an overwhelming set of options, frameworks, and concepts 

(paradigm shift)
Managers need tools to help make navigating this challenge tractable:
• Manager-centered
• Simple and intuitive



How to make unavoidable choices strategically?

155

“In this place at this time, I am ____________ ing the climate change-driven 
ecological trajectory.”



How to make unavoidable choices strategically?
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“In this place at this time, I am ____________ ing the climate change-driven 
ecological trajectory.”



Source

Persistence Change Stein et al. 2014

Resist Resilience Response Millar et al. 2007

Resist Accept Guide Aplet & Cole 2010 (from 2007 workshop)

Restraint Resilience Resistance Realignment Stephenson & Millar 2011

Refugia Ecosystem maintenance Natural adaptation Facilitate transitions Magness et al. 2011

Anticipatory Reactive Stein et al. 2014

Adaptation typologies
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Source

Persistence Change Stein et al. 2014

Resist Resilience Response Millar et al. 2007

Resist Accept Guide Aplet & Cole 2010 (from 2007 workshop)

Restraint Resilience Resistance Realignment Stephenson & Millar 2011

Refugia Ecosystem maintenance Natural adaptation Facilitate transitions Magness et al. 2011

Anticipatory Reactive Stein et al. 2014

Adaptation typologies
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“In short, it is increasingly clear 
that naturalness is no longer 
the umbrella under which all 
protected area values 
comfortably sit.  

“…new concepts are 
needed to guide 
management… concepts 
that account for human 
impacts, global change, and 
evolving public sentiment.” 
values.”

159

Resist-Accept-Guide



Source

Persistence Change Stein et al. 2014

Resist Resilience Response Millar et al. 2007

Resist Accept Guide Aplet & Cole 2010 (from 2007 workshop)

Restraint Resilience Resistance Realignment Stephenson & Millar 2011

Refugia Ecosystem maintenance Natural adaptation Facilitate transitions Magness et al. 2011

Anticipatory Reactive Stein et al. 2014

Resist Accommodate Direct Fisichelli et al. 2016b

Adaptation typologies

Fisichelli, N, G Schuurman, A Symstad, A Ray, J Friedman, B Miller, and E Rowland. 2016. Resource management and operations in central North Dakota: Climate change scenario planning workshop summary 
November 12-13, 2015, Bismarck, ND. Natural Resource Report NPS/NRSS/NRR—2016/1262. National Park Service, Fort Collins, Colorado. <https://irma.nps.gov/DataStore/Reference/Profile/2230834>160



Source

Persistence Change Stein et al. 2014

Resist Resilience Response Millar et al. 2007

Resist Accept Guide Aplet & Cole 2010

Restraint Resilience Resistance Realignment Stephenson & Millar 2011

Refugia Ecosystem maintenance Natural adaptation Facilitate transitions Magness et al. 2011

Anticipatory Reactive Stein et al. 2014

Persistence (of 
current conditions)

Autonomous change Directed change Fisichelli et al. 2016a

Resist Accommodate Direct Fisichelli et al. 2016b

Resist Accept Guide Aplet & McKinley 2017

Resist Accept Direct TWS/AFS ET Group – 2018 onward

Resist Accept Direct FedNET – 2017 onward

Adaptation typologies
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“…existing agency guidance does not anticipate 
rapid, directional, transformative ecological changes 
that are currently underway.” 

“…develop a shared science-based framework from 
which management entities may derive guidance 
for managing changing conditions, including wide-
ranging changes that may result in ecological 
transformation of ecosystems - while considering 
how each entity’s parcels fit into the overall 
system.”

162

Federal Navigating Ecological Transformation (FedNET) working group; 2017-present



OUTLINE – the RAD framework
• Brief RAD framework introduction
• Background – the challenge of climatic & ecological non-stationarity
• Addressing non-stationarity
• Exploring the framework
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Definitions from Schuurman et al. 2022; design adapted from Thompson et al. 2020

Resist
Work to maintain or restore ecosystem composition, 

structure, processes, or function on the basis of 
historical or acceptable current conditions

Accept
To allow ecosystem composition, structure, 

processes, or function to change autonomously

Direct
Actively shape change in ecosystem 

composition, structure, processes, or 
function toward preferred new conditions

What is the RAD framework?
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Definitions from Schuurman et al. 2022; design adapted from Thompson et al. 2020

Resist Accept

Direct

What is the RAD framework?

165

• Acceptance can involve:
• making no change to existing 

approaches
• ceasing all management 

intervention

Adapt(ation)

Work to maintain or restore ecosystem composition, 
structure, processes, or function on the basis of 

historical or acceptable current conditions

To allow ecosystem composition, structure, 
processes, or function to change autonomously

Actively shape change in ecosystem 
composition, structure, processes, or 

function toward preferred new conditions



How to make unavoidable choices strategically?
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“In this place at this time, I am ____________ ing the climate change-driven 
ecological trajectory.”

accept adapt?



How to make unavoidable choices strategically?
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“In this place at this time, I am ____________ ing the climate change-driven 
ecological trajectory.”

accept adapt? X
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OUTLINE – the RAD framework
• Brief RAD framework introduction
• Background – the challenge of climatic & ecological non-stationarity
• Addressing non-stationarity
• Exploring the framework
• Applying the framework
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RAD natural resource management in action

https://www.fws.gov/refuges/wildlife-conservation/climate-change.html 170



RAD natural resource management in action

https://www.fws.gov/refuges/wildlife-conservation/climate-change.html 171
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RAD natural resource management in action
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RAD natural resource management in action
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“So, black locust here, historically, we’ve considered it 
invasive. It comes in and it will take over a whole 
field," said Davis. "But it is naturally present just south 
of here, like in southern Ohio and Kentucky. So, in the 
past we’ve been fighting that tree in some sites. And 
now we’re trying to, like, not so much, because it’s 
probably on its way.“

Cuyahoga Valley NP ecologist Chris Davis

https://www.ideastream.org/news/cuyahoga-valley-national-park-struggles-with-the-effects-of-climate-change; 
image by Cami Miller



RAD natural resource management in action
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RAD natural resource management in action
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Urban. 2020. Nature Climate Change



RAD natural resource management in action
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RAD natural resource management in action
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RAD natural resource management in action
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RAD natural resource management in action

https://www7.nau.edu/itep/main/tcc/Tribes/gl_gpchippewa
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RAD natural resource management in action – our “RADdest” parks
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RAD natural resource management in action
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Current conditions Near future

Direct

Accept

Resist

Slide courtesy of Abe Miller-Rushing

RAD natural resource management in action
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Direct

Accept

Resist

Management is urgent

• Restoration projects offer opportunities to test questions and 
approaches, but opportunities to resist are limited

• Accepting invasive shrubland is not tenable

• Directing change is an important option

?
X

Slide courtesy of Abe Miller-Rushing

RAD natural resource management in action



185Slide courtesy of Abe Miller-Rushing Nick Fisichelli, Schoodic Institute

RAD natural resource management in action



RAD natural resource management in action
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RAD natural resource management in action

187

“Planting at the (upper) margins”



Interactive feature – fill out rest of your 
worksheet

• Important to be clear and specific re: the focus (species/population, 
natural community, ecological process, etc.)

• Useful to first characterize what successful resistance looks like, 
including clarifying time horizon

• Remember that acceptance (of the ecological trajectory/change) can 
require substantial associated management action

188
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OUTLINE – the RAD framework
• Brief RAD framework introduction
• Background – the challenge of climatic & ecological non-stationarity
• Addressing non-stationarity
• Exploring the framework
• Applying the framework
• RAD vs other frameworks

190
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Comparing and contrasting two popular cc adaptation decision typologies
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Comparing and contrasting two popular cc adaptation decision typologies
• Introducing RRT



Source

Persistence Change Stein et al. 2014

Resist Resilience Response Millar et al. 2007

Resist Accept Guide Aplet & Cole 2010 (from 2007 workshop)

Restraint Resilience Resistance Realignment Stephenson & Millar 2011

Refugia Ecosystem maintenance Natural adaptation Facilitate transitions Magness et al. 2011

Anticipatory Reactive Stein et al. 2014

Adaptation typologies
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Comparing and contrasting two popular cc adaptation decision typologies
• RAD and RRT



Source

Persistence Change Stein et al. 2014

Resist Resilience Response Millar et al. 2007

Resist Accept Guide Aplet & Cole 2010 (from 2007 workshop)

Restraint Resilience Resistance Realignment Stephenson & Millar 2011

Refugia Ecosystem maintenance Natural adaptation Facilitate transitions Magness et al. 2011

Anticipatory Reactive Stein et al. 2014

Adaptation typologies
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Comparing and contrasting two popular cc adaptation decision typologies
• Where RAD came from



Source

Persistence Change Stein et al. 2014

Resist Resilience Response Millar et al. 2007

Resist Accept Guide Aplet & Cole 2010 (from 2007 workshop)

Restraint Resilience Resistance Realignment Stephenson & Millar 2011

Refugia Ecosystem maintenance Natural adaptation Facilitate transitions Magness et al. 2011

Anticipatory Reactive Stein et al. 2014

Resist Accommodate Direct Fisichelli et al. 2016b

Adaptation typologies

Fisichelli, N, G Schuurman, A Symstad, A Ray, J Friedman, B Miller, and E Rowland. 2016. Resource management and operations in central North Dakota: Climate change scenario planning workshop summary 
November 12-13, 2015, Bismarck, ND. Natural Resource Report NPS/NRSS/NRR—2016/1262. National Park Service, Fort Collins, Colorado. <https://irma.nps.gov/DataStore/Reference/Profile/2230834>195

Comparing and contrasting two popular cc adaptation decision typologies
• Where RAD came from



Source

Persistence Change Stein et al. 2014

Resist Resilience Response Millar et al. 2007

Resist Accept Guide Aplet & Cole 2010

Restraint Resilience Resistance Realignment Stephenson & Millar 2011

Refugia Ecosystem maintenance Natural adaptation Facilitate transitions Magness et al. 2011

Anticipatory Reactive Stein et al. 2014

Persistence (of 
current conditions)

Autonomous change Directed change Fisichelli et al. 2016a

Resist Accommodate Direct Fisichelli et al. 2016b

Resist Accept Guide Aplet & McKinley 2017

Resist Accept Direct TWS/AFS ET Group – 2018 onward

Resist Accept Direct FedNET – 2017 onward

Adaptation typologies
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Comparing and contrasting two popular cc adaptation decision typologies
• Where RAD came from



Source

Persistence Change Stein et al. 2014

Resist Resilience Response Millar et al. 2007

Resist Accept Guide Aplet & Cole 2010 (from 2007 workshop)

Restraint Resilience Resistance Realignment Stephenson & Millar 2011

Refugia Ecosystem maintenance Natural adaptation Facilitate transitions Magness et al. 2011

Anticipatory Reactive Stein et al. 2014

Adaptation typologies
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Comparing and contrasting two popular cc adaptation decision typologies
• Where RRT came from



Source

Persistence Change Stein et al. 2014

Resist Resilience Response Millar et al. 2007

Resist Accept Guide Aplet & Cole 2010 (from 2007 workshop)

Restraint Resilience Resistance Realignment Stephenson & Millar 2011

Refugia Ecosystem maintenance Natural adaptation Facilitate transitions Magness et al. 2011

Anticipatory Reactive Stein et al. 2014

Adaptation typologies
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Comparing and contrasting two popular cc adaptation decision typologies
• Where RRT came from



Source

Persistence Change Stein et al. 2014

Resist Resilience Response Millar et al. 2007

Resist Accept Guide Aplet & Cole 2010 (from 2007 workshop)

Restraint Resilience Resistance Realignment Stephenson & Millar 2011

Refugia Ecosystem maintenance Natural adaptation Facilitate transitions Magness et al. 2011

Anticipatory Reactive Stein et al. 2014

Resistance Resilience Transition NIACS, WCS, etc.

Adaptation typologies

Fisichelli, N, G Schuurman, A Symstad, A Ray, J Friedman, B Miller, and E Rowland. 2016. Resource management and operations in central North Dakota: Climate change scenario planning workshop summary 
November 12-13, 2015, Bismarck, ND. Natural Resource Report NPS/NRSS/NRR—2016/1262. National Park Service, Fort Collins, Colorado. <https://irma.nps.gov/DataStore/Reference/Profile/2230834>199

Comparing and contrasting two popular cc adaptation decision typologies
• Where RRT came from



Ultimate source

Resistance Resilience Transition Millar et al. 2007

Resist Accept Direct Aplet & Cole 2010

Adaptation typologies
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Comparing and contrasting two popular cc adaptation decision typologies
• RAD and RRT



Ultimate source

Resistance Resilience Transition RRT Millar et al. 2007

Resist Accept Direct RAD Aplet & Cole 2010

Adaptation typologies
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Comparing and contrasting two popular cc adaptation decision typologies
• RAD and RRT



Ultimate source

Resistance Resilience Transition RRT Millar et al. 2007

Resist Accept Direct RAD Aplet & Cole 2010

Adaptation typologies

202

In common:
• Deeply rooted frameworks

• Recognize resisting/resistance to change and the need (sometimes) to do/foster it

• Recognize ecological change and the need (sometimes) to work with it 

• Can be applied in diverse environmental stewardship settings – from urban 
watersheds to wilderness areas

• Support a lot of strategic, forward-looking adaptation

Comparing and contrasting two popular cc adaptation decision typologies
• RAD and RRT



Ultimate source

Resistance Resilience Transition RRT Millar et al. 2007

Resist Accept Direct RAD Aplet & Cole 2010

Adaptation typologies
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Unique RRT attributes:

• Clarity regarding desired ecosystem state/trajectory

• Resilience in (part of) the picture

Comparing and contrasting two popular cc adaptation decision typologies
• RAD and RRT



Ultimate source

Resistance Resilience Transition RRT Millar et al. 2007

Resist Accept Direct RAD Aplet & Cole 2010

Adaptation typologies
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Unique RAD attributes:

• Centered on manager action and intent

• Explicitly recognizes intentional acceptance of ecological change

• Does not rely on resilience

Comparing and contrasting two popular cc adaptation decision typologies
• RAD and RRT



Thank you!
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Gregor Schuurman 
gregor_schuurman@nps.gov
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Extra slides



The RAD framework 

207
Schuurman et al. 2022



Schuurman et al. 2022
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