
How the Resist-Accept-Direct (RAD) framework 
clarifies the challenge of modern natural resource 

management and supports strategic, forward-
looking action

NC CASC webinar
8 July 2021

Gregor Schuurman, PhD
NPS Climate Change Response Program 1



Natural resource focus, but broad relevance

Mount Rainier National Park 2006 

Cape Hatteras 
National Seashore

Devils Tower National Monument

2



This is a heavy topic
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An evolution of NPS climate change adaptation tools and approaches
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An evolution of NPS climate change adaptation tools and approaches

https://www.nps.gov/subjects/climatechange/scenarioplanning.htm
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An evolution of NPS climate change adaptation tools and approaches

Lawrence, D. J., and A. N. Runyon. 2019. Implications of climate 
change for the water supply of the Chisos Mountains developed 
area: Big Bend National Park technical assistance request 4945. 
Natural Resource Report NPS/NRSS/CCRP/NRR—2019/2045. 
National Park Service, Fort Collins, Colorado.
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“Manage for change, 
not just persistence”

“Reconsider goals and 
actions”

An evolution of NPS climate change adaptation tools and approaches
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An evolution of NPS climate change adaptation tools and approaches

“Manage for change, not just persistence”
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An evolution of NPS climate change adaptation tools and approaches

But how?
(details TBD)
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202020142013

“Manage for change, 
not just persistence”

“Reconsider goals and 
actions”

An evolution of NPS climate change adaptation tools and approaches
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2021
202020142013

“Manage for change, 
not just persistence”

“Reconsider goals and 
actions”

“Develop forward-looking 
goals that consider climate 
change”

“Consider more than one 
scenario of the future”

An evolution of NPS climate change adaptation tools and approaches
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Definitions from Schuurman et al. (in press); design adapted from Thompson et al. 2020

Resist
Work to maintain or restore ecosystem processes, 

function, structure, or composition based upon 
historical or acceptable current conditions

Accept
To allow ecosystem processes, function, 

structure, or composition to change, without 
intervening to alter their trajectory

Direct
Actively shape ecosystem processes, 
function, structure, or composition 
towards preferred new conditions

What is the RAD framework?
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What is the RAD framework?
Adapt(ation)
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• Focuses on manager intent
• Identifies manager actions
• Encompasses all possible options
• Simple
• Neutral (toolkit)
• Works across time and space
• Complements other approaches

How does the RAD framework support natural 
resource management decision making?
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Where does the RAD framework come from?
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202020142013

“Manage for change, 
not just persistence”

“Reconsider goals and 
actions”
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NC CASC-funded project to advance adaptation in the northern Great Plains (2015-2019)
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NC CASC-funded project to advance adaptation in the northern Great Plains (2015-2019)



NC CASC-funded project to advance adaptation in the northern Great Plains (2015-2019)
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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.  

D. Cole, et. al. 2008

“…new concepts are 
needed to guide 
management… concepts 
that account for human 
impacts, global change, 
and evolving public 
values.” G. Aplet, D. Cole, 2010

NC CASC-funded project to advance adaptation in the northern Great Plains (2015-2019)
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NC CASC-funded project to advance adaptation in the northern Great Plains (2015-2019)
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NC CASC-funded project to advance adaptation in the northern Great Plains (2015-2019)
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Federal Navigating Ecological Transformation (FedNET) working group (2017-present)



Federal Navigating Ecological Transformation (FedNET) working group (2017-present)
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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 land 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.”



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



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

^

INCREASINGLY DIFFICULT
AND PERHAPS SOMETIMES FUTILE



Last Name First Name Organization
Bamzai Aparna USGS
Carr Wylie NPS Climate Change Response Program
Clifford Katie USGS
Cole David retired, Leopold Wilderness Ctr
Covington Scott USFWS
Crausbay Shelley NC Climate Adaptation Science Ctr
Cravens Amanda USGS
Hawkins Hoffman Cat NPS Climate Change Response Program
Hoang Linh USFS
Hudson Mike USFWS
Jackson Steve USGS
Lawrence Dave NPS Climate Change Response Program
Magness Dawn USFWS
Morrison Wendy NOAA/NMFS
Morton John retired; USFWS
O'Malley Robin retired; USGS
Peterson Dave retired, USFS
Peterson Jay NOAA
Prentice Karen BLM
Reynolds Joel NPS Climate Change Response Program
Rittenhouse Bruce BLM
Ross-Winslow Danielle USFWS Social Science
Schuurman Gregor NPS Climate Change Response Program
Stephenson Nate retired; USGS
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Federal Navigating Ecological Transformation (FedNET) working group (2017-present)



FedNET

https://irma.nps.gov/DataStore/DownloadFile/654543 31

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



American 
Fisheries 
Society

Wildlife 
Society

FedNET
Ocean 

Tipping 
Points

Int’l CC 
Information 
& Research 

East Jemez 
Landscape 

Futuresa

Parks 
Canada

TWS-AFS Ecosystem Transformation Working Group
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TWS-AFS Ecosystem Transformation working group (2018 onward)
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TWS-AFS Ecosystem Transformation Working Group
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FedNET-TWS/AFS collaboration



Last Name First Name Organization
Bamzai Aparna USGS
Carr Wylie NPS Climate Change Response Program
Clifford Katie USGS
Cole David retired, Leopold Wilderness Ctr
Covington Scott USFWS
Crausbay Shelley NC Climate Adaptation Science Ctr
Cravens Amanda USGS
Hawkins Hoffman Cat NPS Climate Change Response Program
Hoang Linh USFS
Hudson Mike USFWS
Jackson Steve USGS
Lawrence Dave NPS Climate Change Response Program
Magness Dawn USFWS
Morrison Wendy NOAA/NMFS
Morton John retired; USFWS
O'Malley Robin retired; USGS
Peterson Dave retired, USFS
Peterson Jay NOAA
Prentice Karen BLM
Reynolds Joel NPS Climate Change Response Program
Rittenhouse Bruce BLM
Ross-Winslow Danielle USFWS Social Science
Schuurman Gregor NPS Climate Change Response Program
Stephenson Nate retired; USGS

Last name First name Organization
Beever Erik USGS
Clifford Michael The Nature Conservancy
Engman Gus University of Tennessee 
Falke Jeff USGS; University of Alaska - Fairbanks
Jackson Steve USGS
Krabbenhoft Trevor University of Buffalo
Lawrence David NPS Climate Change Response Program
Limpinsel Doug NOAA
Lynch Abby USGS
Magill Rob Independent consultant
Melvin Tracy Michigan State University
Morton John retired, USFWS
Newman Robert University of North Dakota
Peterson Jay NOAA
Porath Mark Nebraska Game and Parks Commission
Rahel Frank University of Wyoming
Sethi Suresh USGS; Cornell University
Thompson Laura USGS
Wilkening Jennifer USFWS
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Rapidly expanding body of  RAD literature…

Thompson et al. 2020

Schuurman et al. 2020

Lynch et al. 2021
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Published online today



Rapidly expanding body of  RAD literature…
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usgs.gov/casc/rad



Why is the RAD framework needed?
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Why is the RAD framework needed?

Answer: to help managers make unavoidable choices strategically
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Modern human-driven ecological trajectories bring new choices and questions
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Experienced weather

Time

Te
m

pe
ra

tu
re

Stationarity*

How climate change drives ecological change and transformations

Related 
terms:
• historical 

range of 
variability

• climate 
envelope

Ecological condition

* “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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Modern human-driven ecological trajectories bring new choices and questions



Experienced weather

Time

Te
m

pe
ra

tu
re

How climate change drives ecological change and transformations

“Non-
stationarity”

Stationarity
• historical 

range of 
variability

• climate 
envelope

Trend departs 
historical range of 

variability

“Climate departure” 
(min conditions > 

historical max)

Modern human-driven ecological trajectories bring new choices and questions
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How climate change drives ecological change and transformations

Modern human-driven ecological trajectories bring new choices and questions

42



How climate change drives ecological change and transformations

Modern human-driven ecological trajectories bring new choices and questions
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How climate change drives ecological change and transformations

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

Modern human-driven ecological trajectories bring new choices and questions
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How climate change drives ecological change and transformations

Higuera, P.E., Shuman, B.N. and Wolf, K.D., 2021. Rocky Mountain subalpine forests now burning more than any time in recent millennia. Proceedings of the National Academy of Sciences, 118(25).

Modern human-driven ecological trajectories bring new choices and questions
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How climate change drives ecological change and transformations

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

Modern human-driven ecological trajectories bring new choices and questions
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Experienced weather

Time

Ecological condition

Te
m

pe
ra

tu
re

How climate change drives ecological change and transformations

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” (Schuurman et al. in press)

Modern human-driven ecological trajectories bring new choices and questions
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Modern human-driven ecological trajectories bring new choices and questions
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Modern human-driven ecological trajectories bring new choices and questions

John Morton

Dawn Magness

Kenai case study slides courtesy of J. Morton and D. Magness
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Staudinger et al. 2012. Impacts of Climate Change on Biodiversity, 
Ecosystems, and Ecosystem Services: Technical Input to the 2013 
National Climate Assessment. Cooperative Report to the 2013 National 
Climate Assessment. 

Trailing edge of 
boreal forest

Modern human-driven ecological trajectories bring new choices and questions
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Staudinger et al. 2012. Impacts of Climate Change on Biodiversity, 
Ecosystems, and Ecosystem Services: Technical Input to the 2013 
National Climate Assessment. Cooperative Report to the 2013 National 
Climate Assessment. 

1900 - 68 cm, 2.3° C 

1980 - 73 cm, 3.3 ° C

2090 - 84 cm, 6.8 ° C

Modern human-driven ecological trajectories bring new choices and questions
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Bluejoint grassland

Lutz Spruce forest

Modern human-driven ecological trajectories bring new choices and questions
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Bluejoint grassland

Lutz Spruce forest

Modern human-driven ecological trajectories bring new choices and questions

Potential responses to ecological transformation on the Kenai 
National Wildlife Refuge
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Bluejoint grassland

Lutz Spruce forest

Modern human-driven ecological trajectories bring new choices and questions

Potential responses to ecological transformation on the Kenai 
National Wildlife Refuge

Q: Can the change be reversed or resisted?
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Bluejoint grassland

Lutz Spruce forest

Potential responses to ecological transformation on the Kenai 
National Wildlife Refuge

Q: Can the change be reversed or resisted?
A: Think about scale, directional climate change, and ecological 
uncertainty.

Modern human-driven ecological trajectories bring new choices and questions
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Bluejoint grassland

Lutz Spruce forest

Modern human-driven ecological trajectories bring new choices and questions

Potential responses to ecological transformation on the Kenai 
National Wildlife Refuge

Q: Can the change be reversed or resisted?
A: Think about scale, directional climate change, and ecological 
uncertainty.
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Bluejoint grassland

Lutz Spruce forest

Modern human-driven ecological trajectories bring new choices and questions

Potential responses to ecological transformation on the Kenai 
National Wildlife Refuge

Q: What happens if we accept the trajectory?  Where is it going?
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TIME

CURRENT TRAJECTORY (ACCEPT)BIODIVERSITY
Bluejoint grassland

Lutz Spruce forest

Modern human-driven ecological trajectories bring new choices and questions

Potential responses to ecological transformation on the Kenai 
National Wildlife Refuge

Q: What happens if we accept the trajectory?  Where is it going?
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TIME

CURRENT TRAJECTORY (ACCEPT)BIODIVERSITY
Bluejoint grassland

Lutz Spruce forest

Depauparate 
grassland?

Modern human-driven ecological trajectories bring new choices and questions

Potential responses to ecological transformation on the Kenai 
National Wildlife Refuge

Q: What happens if we accept the trajectory?  Where is it going?
A: We don’t really know (this is a novel circumstance).
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Bluejoint grassland

Lutz Spruce forest

Modern human-driven ecological trajectories bring new choices and questions

Potential responses to ecological transformation on the Kenai 
National Wildlife Refuge

Q: Can we try to direct this ecological trajectory?
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TIME

DECREASING UNCERTAINTY BUT REDUCED 
OPPORTUNITY TO STEWARD THE OUTCOME

CURRENT TRAJECTORY (ACCEPT)BIODIVERSITY
Bluejoint grassland

Lutz Spruce forest

Modern human-driven ecological trajectories bring new choices and questions

Potential responses to ecological transformation on the Kenai 
National Wildlife Refuge

Q: Can we try to direct this ecological trajectory?
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TIME

DECREASING UNCERTAINTY BUT REDUCED 
OPPORTUNITY TO STEWARD THE OUTCOME

FOREST

GRASS

PRESCRIBED FIRE

INTRODUCED GRAZERS

CURRENT TRAJECTORY (ACCEPT)

BLACK-TAILED DEER

LODGEPOLE PINE

BIODIVERSITY
Bluejoint grassland

Lutz Spruce forest

Modern human-driven ecological trajectories bring new choices and questions

Potential responses to ecological transformation on the Kenai 
National Wildlife Refuge

Q: Can we try to direct this ecological trajectory?
A: Yes, in fact, neighbors are already doing some of this.
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TIME

DECREASING UNCERTAINTY BUT REDUCED 
OPPORTUNITY TO STEWARD THE OUTCOME

FOREST

GRASS

PRESCRIBED FIRE

INTRODUCED GRAZERS

CURRENT TRAJECTORY (ACCEPT)

BLACK-TAILED DEER

LODGEPOLE PINE

BIODIVERSITY
Bluejoint grassland

Lutz Spruce forest

What’s a manager to do?

Modern human-driven ecological trajectories bring new choices and questions

Potential responses to ecological transformation on the Kenai 
National Wildlife Refuge
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What does RAD framework application look like?
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https://fws.rev.vbrick.com/#/videos/3d468dcb-47bf-4f43-8cc8-efece0da832a

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

https://www.fws.gov/refuges/wildlife-conservation/climate-change.html
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RAD natural resource management in action

https://www.fws.gov/refuges/wildlife-conservation/climate-change.html 68



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

Fern Lake Trail, Rocky Mountain NP, 24 May 2021

?
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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
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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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What next?
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What next?

Scaling up
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https://www.fws.gov/refuges/wildlife-conservation/climate-change.html
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2021
202020142013
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RAD special issue 

In review

Thompson et al. 2020

Schuurman et al. 2020

Lynch et al. 2021
Coming 6 July 2021
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Special issue 

In review

Thompson et al. 2020

Schuurman et al. 2020

Lynch et al. 2021
Coming 6 July 2021

The body of RAD literature is rapidly expanding
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Special issue, in review

1. Schuurman, G., 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.

The body of RAD literature is rapidly expanding

82



Schuurman et al. in press. 

Paper 1: RAD for navigating ecological 
transformation 
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Special issue, in review

1. Schuurman, G., 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.

The body of RAD literature is rapidly expanding
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Paper 2: Applying the RAD
framework

• identify plausible social-ecological 
trajectories

• apply upstream and deliberative 
engagement and decision-making with 
stakeholders

• formulate management pathways to 
desired futures

• consider a portfolio approach across 
space and time

Magness et al. in review. Preliminary Information-Subject to Revision. Not for 
Citation or Distribution.

Four Foundations that enable a 
transition to future-oriented management
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Special issue, in review

1. Schuurman, G., 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.

The body of RAD literature is rapidly expanding
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Paper 3: RAD adaptive
management

• When the system state is 
stable:

• Traditional adaptive 
management double loop.

• When the system state is 
changing:

• RAD decisions come into 
play. 

Lynch et al. in review. Preliminary Information-Subject to Revision. Not for Citation or Distribution.
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Special issue, in review
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The body of RAD literature is rapidly expanding
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Paper 4: Mental models, constraints, &
RAD decision making

Clifford et. al., in revision. Responding to ecological transformation: Mental models, external constraints and 
manager decision-making. Preliminary Information-Subject to Revision. Not for Citation or Distribution.

• Managers make different RAD decisions 
even when presented with the same 
information in the same place 
(Clifford et al. 2020, Environ. Management)

• RAD decisions result from intersection 
of:

• Internal factors i.e., managers’ 
mental models

• External factors i.e., understanding 
of the science, institutional 
context, and social feasibility

89



Special issue, in review
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The body of RAD literature is rapidly expanding
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Paper 5: Ecological transformation
science agenda

Crausbay et al. in 
review. Preliminary 
Information-Subject to 
Revision.

7. Implement, 
observe, learn

2. Identify and 
prioritize values, 

interests, and 
objectives

3. Identify 
critical 

uncertainties

4. Generate 
a range of 
potential 
actions

5. Predict 
consequences of 
actions for values 

and objectives

6. Select 
from 

potential 
actions to 
optimize 

interests and 
objectives

Question 2. How 
effective and durable are 

resistance strategies?Question 3. What are the plausible ecological futures?

Question 4. What are the 
consequences of the choice to 
resist, accept, or direct 
transformation?

Question 5. How do we make 
choices about the threat of 
ecological transformation?

SCIENCE 
FOR RAD 
DECISION 
MAKING

1. State or 
“frame” the 

problem

Question 1. Is 
transformation a 

threat?

91



Paper 5: Ecological transformation
science agenda

Crausbay et al. in review. 
Preliminary Information-
Subject to Revision.
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Paper 5: Ecological transformation
science agenda

Crausbay et al. in review. 
Preliminary Information-
Subject to Revision.
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What next?

Scaling up
• Compiling/sharing case studies
• Social dimensions
• Science needs
• Sustaining federal collaboration
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Thank you!

For more:
usgs.gov/casc/rad95
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