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Coastal grasslands
are being transformed
by woody plants due to
fire suppression and
warming.

Dry forests and
woodlands experienc-
ing drought and wildfire

are becoming grass-
lands and shrublands.

Great Plains grass-
lands are becoming
woodlands due to

warming and enhanced g
atmospheric CO,. e

Arctic marine
ecosystems are being
altered by ocean
acidification and
harmful algal blooms.

Sagebrush shrub-
lands are becoming
non-native grasslands
as a result of wildfire,
invasive species, land
use, and climate
change.

Temperate marine
ecosystems are being
altered by warming and
invasion of tropical
organisms.

Coastal forests are
converting to ghost
forests, shrublands, and
marsh due to sea level
rise.

. Coral reefs are being

lost due to warming and
ocean acidification.

Ecological systems are
rapidly transforming
under climate change

Photo: Jedijoe82 via Wikig

Photo: Kim Davis

Source: NCA5



Climate change adaptation seeks to manage for change

Future

Emerging
changes

Historical range of variability ?

New goals &
New challenges & —¥ strategies
opportunities

Ecological property

Conservation & restoration

Time



...and relies on information about future impacts \

A Awareness

Monitoring & | Assessment
Evaluation, 7

> What is the range of
plausible futures?

Adapted from the Fourth National Climate Assessment (2018)



Sources of uncertainty:

> Pace and magnitude
of climate change

> Ecological responses

> Non-climate stressors

T =

o —

-

Graphic: National Park
Service Climate Change
Response Program



“No Brainers”
(staying the course)

NPS 2013

“No Gainers”

(avoiding
maladaptation)

“No Regrets”
(identifying robust
strategies)

“No ways”
(getting ahead of
impactful possibilities)

[Honelikithe best

£
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Plan for the worst




Approaches for developing credible
and useful scenarios for planning?
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Graphic: National Park
Service Climate Change
Response Program



Climate uncertainty in scenario development: current state of practice

Wind Cave National Park Scenario Planning

Changes in climate means relative to historical means
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April — June moisture index (SPEI)

Adapted from NCA5



Ecological responses in scenario development: current state of practice

Wind Cave National Park Scenario Planning

Changes in climate means relative to historical means
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current conditions What are we missing?

climate
uncertainty

b 4

future scenarios

Graphic: W. Moss



current conditions What are we missing?

climate > Uncertainty in ecological
AifeErElg) responses to climate change

b 4

future scenarios

Graphic: W. Moss



current conditions What are we missing?

/ climate + ecological - Uncertainty in ecological
/ uncertainty o
/4_ - responses to climate change
| >
/ I We can’t reliably predict how an
“a ecosystem will respond to a given

' change in climate!
future scenarios

Graphic: W. Moss



What limits our ability to predict ecological responses!?

current conditions

* Limited knowledge of climate-
ecological relationships
climate + ecological * Interacting stressors

A uncertainty « Stochastic ecological dynamics
F s * Contingencies/context dependence
* No-analog conditions
5

future scenarios

Graphic: W. Moss



What limits our ability to predict ecological responses!?

current conditions

* Limited knowledge of climate-
ecological relationships
climate + ecological * Interacting stressors
A uncertainty « Stochastic ecological dynamics
s - _ * Contingencies/context dependence
TN * No-analog conditions
\/ @ Leads t.o... . .
il Multiple possible ecological outcomes

under a given climate future
future scenarios

Crausbay et al. (2022) BioScience; Graphic: W. Moss



Towards improved ecological scenarios

- WHAT s T™E RANGE OF
current conditions PLAUS| BLE ECOLOGIC AL
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PART |

Ecological Transformation Working
Group

Goal — use team science to develop a
shared vision of approaches for crafting
ecological scenarios

SAM KANER'’s DiAmoND MopeEL
oF PARTICI PATION
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Image: Carrie Kappel

PART Il

Ecological Scenarios Case Study
(Nebraska Sandhills)

Goal — test out and refine the ecological
scenarios approach through an applied
case study

Juancarlos Giese, USFWS




ECOSCENARTOS WORKSHOP C}ﬁ?ﬁ
July 17-18, 2023 ~ Boulder CO CRE“L?I!I'{}E@
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Project team: Kyra Clark-Wolf (NC CASC), Wynne Moss (USGS), Imtiaz Rangwala (NC CASC), Helen Sofaer (USGS), Brian Miller (USGS)
Workshop participants: Orien Richmond (USFWS), Tyler Hoecker (NW CASC), Dawn Magness (USFWS), Jonathan Coop (Western Colorado
Univ.), Joseph Barsugli (NOAA), Bill Travis (CU Boulder), Meagan Oldfather (USGS), Tony Ciocco (USGS), Amber Runyon (NPS), Jena Lewinsohn
(USFWS), Robin Russell (USFWS), Nifer Wilkening (USFWS), Luca Palasti (CU Boulder)

Other working group members: Gregor Schuurman (NPS), Amy Symstad (USGS), Dominique Bachelet (OR State Univ), Renee Rondeau (CNHP),

Shelley Crausbay (USFS)




o .  RE)
“Key ingredients’ for ecological scenarios \?

Explor!ng uncerte.unty in WHAT (s TME FANGE OF
ecological dynamics PLAUS| BLE ECOLOGICAL
AMIRE S 2
Characterizing trajectories of (" SCENARID PLARS
s =l ASING gmilq“i‘ v
change r £0UG( (AL
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(O .
Looking “outside the box™ to t _0~0 Iy 2 g
—
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Image: Angie Moline

Clark-Wolf et al. 2025 Ecosphere



1. Exploring uncertainty in ecological dynamics

What are the most influential and uncertain sources of ecological divergence?

Ecological Drivers: e |
| Reference A | Community B[©
Ko 0 i ST AR
Biotic interactions Feedbacks “-“"“3‘\ P
= 1 el
.'-:,':;. '%‘ _,_,---_" TR
Biogeography (e.g., R S

dispersal & connectivity)

Ecological memory

Physiological responses Disturbance [ -
. Py ke ity
(CO2, phenology, etc.) regime-change » e e
. State 2=Savanha,
Invasion Climate sensitivities Bk !
(including thresholds) T2 (grass loss triggers erosion)

USDA/ Jornada Experimental Range



2. Thinking in trajectories

What are the mechanisms of transformation and the pathways through which
ecological changes may unfold? What catalysts can shift the direction of change?

. ponderosa pine
5y

catalyst

mixed conifer/
aspen

Ecological property

‘BE  native grass/ shrub

A 4

Time

ruderal grass

* Designing monitoring

* ldentifying management levers Adapted from Coop (2023)

Ecological Applications



3. Exploring “out of the box" possibilities

What are the bounds of plausibility?
Are we comprehensively accounting for risk?

creative visioning

Range of plausible ecological
dynamics under future climates

Current Ecological

Dynamics benchmarking to past
R~ extremes

“broadening the scope” of
analogs in space and time




How can we implement these principles?

Exploring uncertainty in
ecological dynamics

Characterizing trajectories of
change

Looking “outside the box™ to
anticipate possible surprises

Clark-Wolf et al. 2025 Ecosphere

WHAT (S T™E RANGE OF
PLAUS| BLE ECOLOGICAL

AMIRE S 2
CENAR SCENARID PLANS
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A general process for ecological scenario development

Frame problem

Z

Craft driver futures

coherent sets of@

external drivers:

= climate m “
= disturbance

= human
influence

*

Consider
surprises

think “out of the box” »

[
.
[ ]

Ecological futures

3 ﬂ Explore ecological responses

» build a conceptual model

= jntegrate uncertainty

= apply quantitative and
qualitative methods

Characterize
trajectories

identify mechanisms of
transformation

Synthesize ecological scenarios

Trajectory 1 rajectory
Trajectory 2 Trajectory 2
Trajectory 3
Scenario 2 W

Trajectory 1 ]

summarize a tractable set of divergent,
relevant, plausible, challenging storylines

<

Integrate with

Vi |
planning
processes

Clark-Wolf et al. 2025 Ecosphere




A case study for ecological scenario development

Problem: fire-catalyzed
transformation in U.S.
southwestern dry forests »

: 2

"

Decision
support

Clark-Wolf et al. 2025 Ecosphere, adapted from Coop 2023 Ecol. Applications



A case study for ecological scenario development

Problem: fire-catalyzed
transformation in U.S.

southwestern dry forests

. 2

Craft driver futures

»

CLIMATE (2055)

Dry Wet

.

X

Explore ecological responses

Observed postfire community transitions

-

FIRE SEVERITY

Non-forest

O Forest

¢ 4 4]
severe

moderate current
+ 20%

-20%

L
o

% change in
trajectories
N
(=]

o

Change in postfire trajectories under driver futures

Trajectory
Non-forest

M Forest

tJl

Driver future
(climate x fire severity)

O

Synthesize ecological scenarios

1: Forest 2: Mixed 3: Non-forest
<10% change in ~20% increase in | ~40% increase in
postfire trajectories non-forest non-forest

similar to observed

"

T postfire transitions ’postfire transitions
to shrub & grass to shrub & grass

communities
_.\ 4 \7/
- ~ o
X X )
I\ I\

(1%
: 2

Identify robust adaptation strategies

ot

Fuels reduction & No management where
prescribed fire resilient native vegetation
types dominate after fire

m'rﬁq.:“

— reduce risk of severe
fire to promote
scenario 2 vs 3
under a dry climate
future

— accept transitions to
aspen, oak scrub,
native bunchgrass

Reforest with lower
elevation species where
shrubs or ruderal grass
dominate after fire

— avoid undesired transitions

Clark-Wolf et al. 2025 Ecosphere, adapted from Coop 2023 Ecol. Applications




Methods for ecological scenario development

Frame problem

Craft driver futures

coherent sets of

external drivers:

= climate

= disturbance

= human
influence

Consider
surprises

think “out of the box”

Clark-Wolf et al. 2025 Ecosphere

Explore ecological responses
C] = build a conceptual model
» jntegrate uncertainty

C] = apply quantitative and
qualitative methods

n
) .
= Characterize
= trajectories
©
o
- —
o) S
S
s W \

identify mechanisms of
—_ transformation

Synthesize ecological scenarios

nario 1
b Scenario 3
Trajlectol‘y' 1 Trajectory 1
Trajectory 2 Trajectory 2
Trajectory 3
Scenario 2
Trajectory 1

summarize a tractable set of divergent,
relevant, plausible, challenging storylines

Integrate with
planning
processes



What are some ways to use existing tools
to capture ecological uncertainties?

* Climate analogs

* Species distribution models

* Dynamic global vegetation models
* Population models

* Expert elicitation

* And more!

There is no silver bullet when it
comes to ecological modeling



What are some ways to use existing tools
to capture ecological uncertainties?

Tools to explore ecological responses

Modelfor divergence:draw on the full range of modeling

+ —
x|=] results or quantiles of prediction intervals rather than seeking
a central tendency or convergent endpoint
+]=] Sensitivity analyses: explore consequences of parameter
=171 values to identify important ecological uncertainties
+]-] Stochastic models*: use modelsthat can represent stochastic
X1=1 processes and dynamics (e.g., simulation or population models)
@ +[-] Time series methods*: identify plausible ecological responses
X171 based on past dynamics using time series data or paleo records
@ ¥[=] Space-for-time methods:identify plausible ecological states
Z1=1 using geographic analogs, climate envelope models, or similar
) 9 +I-] Event-driven approaches®: testecological responsesto
® C||mate analogs X1=1 climate extremes or other major disturbances (e.g., fire, insects)
o Species distribution models Q ¥[-] Multi-method approaches: draw on multiple types of
X1=] information and/or models to develop ecological scenarios

* Dynamic global vegetation models
* Population models

* Expert elicitation

* And more!

Close calls*: identify plausible transformaticns based on past
events with strong population or community responses

Participatory scenario development: explore ecological
implicaticns of driver futures in a workshop process

includes creative visioning: consider new feedbacks,
nonlinearities, compound events, invasions or species
interactions that could lead to surprises

There is no silver bullet when it
comes to ecological modeling

Reverse engineering*: work backward from plausible future
ecological states to describe how changes could unfold

+

== = quantitative @ = qualitative

/ww-@w

Clark-Wolf et al. 2025 Ecosphere



Tools to explore ecological responses
a) b)

results or quantiles of prediction intervals rather than seeking A “Best Guess” a Quantlfylng
a central tendency or convergent endpoint uncertalnty

— System
Sensitivity analyses: explore consequences of parameter
values to identify important ecological uncertainties state

Model for divergence: draw on the full range of modeling

Stochastic models*: use models that can represent stochastic
processes and dynamics (e.g., simulation or population models)

Time series methods*: identify plausible ecological responses
based on past dynamics using time series data or paleo records

Space-for-time methods: identify plausible ecological states >
using geographic analogs, climate envelope models, or similar

Event-driven approaches*: test ecological responses to
climate extremes or other major disturbances (e.g., fire, insects)

c) Multiple d) Multiple futures

Multi-method approaches: draw on multiple types of A plaUS|b|e & + pI‘Oba.bI“StIC
information and/or models to develop ecological scenarios System futures - uncertainty

I3 3 [ 3 3 [ 3 73 Y 3 3 (O 3 3 E3 3
FCH I 3 I 3 I ) 3 I (3 I K I

Close calls*: identify plausible transformations based on past state
events with strong population or community responses

Participatory scenario development: explore ecological <
implications of driver futures in a workshop process " —

includes creative visioning: consider new feedbacks,
nonlinearities, compound events, invasions or species
interactions that could lead to surprises

> >
Reverse engineering*: work backward from plausible future Today Future TOd ay Future

ecological states to describe how changes could unfold

E = quantitative 9 = qualitative

/@@@@@@@@

Ecologists can provide more actionable
science by considering multiple futures

Clark-Wolf et al. 2025 Maier et al. 2016 Environmental
Ecosphere Modaelling and Software



Tools to explore ecological responses \

oE Model for divergence: draw on the full range of modeling
results or quantiles of prediction intervals rather than seeking
a central tendency or convergent endpoint

Sensitivity analyses: explore consequences of parameter
XI=] values to identify important ecological uncertainties

[+]=] Stochastic models*: use models that can represent stochastic
XI+] processes and dynamics (e.g., simulation or population models)

9 Time series methods*: identify plausible ecological responses
XI=] pased on past dynamics using time series data or paleo records

@ Space-for-time methods: identify plausible ecological states
[xI*] using geographic analogs, climate envelope models, or similar

9 Event-driven approaches*: test ecological responses to
[ ]~

climate extremes or other major disturbances (e.g., fire, insects)

9 Close calls*: identify plausible transformations based on past
events with strong population or community responses

Participatory scenario development: explore ecological
implications of driver futures in a workshop process

includes creative visioning: consider new feedbacks,
nonlinearities, compound events, invasions or species
interactions that could lead to surprises

Reverse engineering™: work backward from plausible future
ecological states to describe how changes could unfold

@
@
@
K FH = quantitative € = qualitative

Clark-Wolf et al. 2025
Ecosphere

Different modeling frameworks
reveal ecological divergence

DGVM

Demographic

Futﬁré
sagebrush

Spatial

Temporal

Correlational

| Ox climate
scenarios

4x ecological
models

Change in
sagebrush

Renwick et al. 2018

Graphic: W. Moss Global Change Biology



Table 6 (continued). Scenario planning workgroup-envisioned developments and resource implications (vulnerabilities) for WICA climate futures for each priority resource and resource component. Bold text signifies “red flag” events, i.e.,
impactful outcomes unique to a single scenario (NPS 2020). All references to shifts refer to status under historical conditions. Table AB-6 is a more accessible version of this same table that is designed specifically to be easier to read by screen
reading software for people with certain visual and cognitive impairments; or with low vision, various types of color-blindness, or cannot read the text against some of the table cell background colors used.

Log Ride Hourglass Jenga Common across allimost scenarios

Tools to explore ecological responses

Priority | Resource compenent

Model for divergence: draw on the full range of modeling
results or quantiles of prediction intervals rather than seeking
a central tendency or convergent endpoint

Sensitivity analyses: explore consequences of parameter
values to identify important ecological uncertainties

Stochastic models*: use models that can represent stochastic
processes and dynamics (e.g., simulation or population models)

Time series methods*: identify plausible ecological responses
based on past dynamics using time series data or paleo records

Space-for-time methods: identify plausible ecological states
using geographic analogs, climate envelope models, or similar

Event-driven approaches*: test ecological responses to
climate extremes or other major disturbances (e.g., fire, insects)

E3 3 [ 3 E3 [ E3 3 [ 3 £3 [ E3 3 [x]+
I3 I 3 I 73 I ) 3 I E I [+] 1]

Multi-method approaches: draw on multiple types of
information and/or models to develop ecological scenarios

[X]+]
[+] 1]

Close calls*: identify plausible transformations based on past
events with strong population or community responses

Participatory scenario development: explore ecological

implications of driver futures in a workshop process

includes creative visioning: consider new feedbacks,
nonlinearities, compound events, invasions or species
interactions that could lead to surprises

Reverse engineering™: work backward from plausible future
ecological states to describe how changes could unfold

= quantitative @ = qualitative

LB el L o] ool ool ol ol o

Clark-Wolf et al. 2025
Ecosphere
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Prairie

Exotic species: Much warmer winters
allow establishment of new exotics
(some potentially invasive)

Perennial excfic cool-season grasses
(Kentucky bluegrass and smooth
brome) and Canada thistle experience
boom years but suffering in drought
years may balance out to no frend

Exotic species: Moisture-loving
annuals/ biennials (sweetclover,
mullein, annual bromes — annual
bromes especially benefit from greater
proportion of precip in winter) boom in
wet years but persist in seed bank
through dry years to create overall
increasing trend

Productivity: Drought indices indicate
that productivity will usually be
somewhat lower, but occasional very
wet years punctuate this frend with
some very-high-productivity years that
favor cool-season grasses

Prescribed fire: Very wet years have
limited prescribed fire opportunities in
spring and possibly fall, but bums can
still be accomplished in other years.
Much earlier spring green-up means
timing of burns would have to be
earlier. Much warmer winters allow
more prescribed fire in winter, but
higher summer-fall fire danger
reduces opportunities for fall
prescribed fire

Wildfire: Higher summer-fall fire
danger overall, plus warmer winters,
lengthens wildfire season into time
when fire-fighting resources are scant,
leading to larger fires. High fuel
buildup in very wet years increases
flame lengths if fire occurs in those
years or soon after

Exotic species: Litile change or
decreasing frend in current problem
exotics, which tend to do well with
higher (especially spring) moisture.
Conditions neither more nor less
favorable for new exotics

Productivity: Consistently lower
productivity; warm-season grasses
decline less than cool-season grasses
due to large decrease in early growing
season moisture availability but only
moderate summer-fall PET increase

Prescribed fire: Lower spring maisture
increases opportunities for spring
prescribed fire, with season starting
moderately earlier than now and some
more opportunities in winter.
Moderately higher summer-fall fire
danger moderately decreases
opportunities for prescribed fire in fall
Wildfire: A slight increase in fire risk
and length of fire season (increased
summer-fall PET) is accompanied by
lower intensity (shorter flame lengths)
due to consistently lower productivity

R

Exotic species: Reduced vigor of
many perennial species, creating
opportunities for short-lived, drought-
tolerant weeds like Russian thistle and
kochia, as well as drought-tolerant
perennials like white horehound and
others not yet in the park (i.e., from
further south or west)

Productivity: First half of future-period
(2025-2040) productivity may be
similar to historical productivity, but
productivity in second half of future
period (2040-2055) drops sharply due
to sharply increased temperatures and
some very dry years. Warm-seasen
grasses decline more than cool-
Season grasses

Prescribed fire: Shifted prescribed fire
opportunities to winter (December-
March)

Wildfire: Much warmer winters and
higher summer-fall PET increase fire
risk, length of fire season, and size of
fires in the second half of the future
period, but fire intensity (flame length)
is lower because of less fuel

Exotic species: Most of the current
prablem exotics (cool-season
perennial grasses, mullein,
sweetclover, Canada thistie) decline
but annual bromes and other exotic
annual grasses not yet in the park
increase. Horehound and other (some
new) drought-tolerant exotics increase

Productivity: Overall grass production,
both warm- and cool-season,
decreases by up to 50%. Deeply
rooted shrubs such as rabbit brush
and sagebrush (if they migrate to the
park), as well as drought tolerant
succulents, benefit from less grass
competition and the shift to higher
percentage of precipitation falling in
winter. They still remain a minor
component of the ecosystem because
the winter precip shift is moderate

Al grasses decline — including
Kentucky bluegrass.

Cheatgrass thrives due fo increased
winter precipitation

Prescribed fire: Reduced fuel build-up
from lower overall production,
combined with reduced vigor of exotic
cool-season grasses, reduces the
ability and desire to conduct fires as
frequently as is now desired

Wildfire: More frequent, fire season
extends through much of the year,
stressing fire-fighting resources and
leading to larger fires, but intensity
(flame length) is lower because of
lower productivity

Exotic species: Opportunities for new
exotics to establish (3 of 4 scenarios)

Productivity: Lower productivity
Prescribed fire: Shifted timing for
prescribed fires, or less opportunity
Wildfire: Increased fire risk and fire
season length

=

Runyon et al. 2021




Tools to explore ecological responses

Model for divergence: draw on the full range of modeling
[+]-| . . .
[x]=] results or quantiles of prediction intervals rather than seeking
a central tendency or convergent endpoint

Sensitivity analyses: explore consequences of parameter
XI=] values to identify important ecological uncertainties

Stochastic models*: use models that can represent stochastic
XI+] processes and dynamics (e.g., simulation or population models)

9 Time series methods*: identify plausible ecological responses
XI=] pased on past dynamics using time series data or paleo records

Space-for-time methods: identify plausible ecological states

using geographic analogs, climate envelope models, or similar

u° Event-driven approaches*: test ecological responses to
[x1=] climate extremes or other major disturbances (e.g., fire, insects)

9 Multi-method approaches: draw on multiple types of
[x1=] information and/or models to develop ecological scenarios

9 Close calls*: identify plausible transformations based on past
events with strong population or community responses
9 Participatory scenario development: explore ecological
implications of driver futures in a workshop process
includes creative visioning: consider new feedbacks,
Q nonlinearities, compound events, invasions or species

interactions that could lead to surprises

Reverse engineering™: work backward from plausible future

ecological states to describe how changes could unfold

= quantitative @ = qualitative

Clark-Wolf et al. 2025
Ecosphere

1969-1990

1 969 1 990

“Reverse engineering” to characterize plausible trajectories

RE STATI
’

FIRE-CATALYZED ENT SIA

TRAJECTORY

cool, wet, or high elevation
refugia; less frequent and
severe fire

warmer, drier soils, fire
frequency less than 50 yr

potential evapotrans.
exceeds precipitation

Magness et al. 2022 Earth



Putting it all together

Exploring uncertainty in
ecological dynamics

Set of S
o Characterizing trajectories of
Principles change

Looking “outside the box™ t
anticipate possible surprises

Frame problem

— @ﬁi

I I Explore ecological responses Synthesize ecological scenarios

= build a conceptual model
= integrate uncertainty —
= apply quantitative and Trajectary 1 ry
qualitative methods Traeotoy 2| Trajestory 2
» | Trajectory 3

Craft driver futures

|

General |z
external drivers: F

@
» climate “ [:] £ Characterize
. 2 . j Scenario 2 |
: :f::::??”w - - 3 trajectories | .
= " Trajectory 1
influence F ‘ _S - .- et »
—'3 J_ T summarize a tractable set of divergent,
— E] . o] ] relevant, plausible, challenging storylines
: 5 = N =
Consider ‘—J oo J
surprises identify mechanisms of ~~s Integrate with

¥

) n transformation
think ‘out of the box

planning
processes

/ Tools to explore ecological responses \
) Modelfor divergence: fullange of modeing
results or quaniles of pre

2 central tendency o

y analyses: expl

5] values to identify important ecological uncertainties

' use modelsthat can

Il g., simulation or
Sp=———r—

Il based on past dynamics using time series data or paleo records

Q sing ge gph inalogs, climate er \pmud\ imilar

Q climate extremes or other major disturbances (e.g., fire, insects)

Q f5| Lrimsimi o AL B
models o develop e al scenari
Q close calls*: identify plausibl nansdormanons based on past
/ents with strong population or c

Q ipatory
9

Q Reverse engineering": work backward from plausible future
i Id unfold

P g \ ‘ = quantative G = quaitative | /
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Ecological scenarios: Embracing ecological uncertainty in an
era of global change

K. Clark-Wolf 22 W. E. Moss, B. W. Miller, |. Rangwala, H. R. Sofaer, G. W. Schuurman, D. Magness,
A.]. Symstad, . D. Coop, D. B. Bachelet, J. J. Barsugli, A. Ciocco, S. D. Crausbay ... See all authors v

First published: 24 May 2025 | https://doi.org/10.1002/ecs2.70278

THE CONVERSATION

Academic rigor. journalistic flair

Search analysis, research, academics.

Arts + Culture Economy Education Environment + Energy Ethics + Religion Health Politics + Society Science + Tech World Podcasts  Local

A

Managing forests and other ecosystems

under rising threats requires thlnklng acros
wide-ranging scenarios

Published: May 27, 2025 8:48am EDT . \A

Thinking through scenarios al and managers to prepare for many potential outcomes. Benjamin Slyngstad via USGS




Building the toolbox Research Practice

“Test driving”
our approach




PART | PART Il

Ecological Transformation Working Ecological Scenarios Case Study
Group (Nebraska Sand Hills)
Goal — use team science to develop a Goal — test out and refine the ecological
shared vision of approaches for crafting scenarios approach through an applied
ecological scenarios case study
ECOSCENARTIOS WORKSHOP ;061}5*
July 17-18, 2023 ~ Boulder CO CRI’E“A?I!I'\';E@

Juancarlos Giese, USFWS
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Setting the project scope

What features of Sandhills Please identify/add resources that are most relevant | [drag and drop a check mark to indicate

Hland d lands d to your management objectives, as well as those which resources are most important]
weltlands and grassiands do you that might be particularly sensitive to climate change
manage for? (feel free to add comments as well) / /

Grassland resources & functions: Wetland resources & functions::

()
L /
3 \/ \/
e \// Grasslan
O Relative cover: : For_age structure
= Native plant production (not ; : (e.g., proportion Total lake & Runoff/ Groundwater
= grass, forb, diversity . (height, density, AR ‘ d Py h
8 woody litter, bare of wetlands tha and area streamflow arge
e refuges) ground are permanen _
@ seasonal, etc.)
-
E

ﬁasive plant .
0 pecies; are new Does climate Rangelan alth See change Invgsnye plant Extent of open Water quality and
O species showing change favor (grazin ime, wildlife D ahre 50 See changes in water and quantity of
i up, or is there a cool season C3 vig%eryover, populations =S sthowmg wildlife emergent submergent
) change in rate of or warm season ought quickly in chp' il e:e af populations vegetation (hemi aquatic
= /r:ﬁvasion C4 plants? tolerance) extremes ar;ﬁSaI:icr; =L marsh) vegetation
o]
I=
Q \/
O
Q. Ry fire f&ﬁﬁv / / Plant / A‘epacts to
e Expansion of composition . Ogallala aquifer

Ced £ :

g (to control encro:c:;ent willow into (native/invasive, Gm";gsg r C:a:;frlllggt?‘gp - (where most
= invasives) meadows emergent/submer / Yy sandhills water
O fm, etc). / comes from)




INSTRUCTIONS: Please review this matrix of climate and non-climate factors that priority
Influential across a number of ecological features o are very important for key features (e.g., groundwater), which we will focus on as we explore the divergence among climate projections. Add your initials. in the row below (highlighted in yellow) to "vote” on which climate metrics are the highest priority to consider

features in the

Grey shading indicates that the ecological feature in that row Is sensitive to the climate metric in that column. At the top, blue highlighting indicates climate metrics that may be

in future ‘You may also add your initials in other rows to indicate with climate for each feature shaded in grey or to flag other metrics that may be imp Please use a comma initials from multiple people.
CLIMATE SENSITIVITIES
Overall moisture availability Climate Extremes Heat Non-climate factors
Grazing
Long- Long- . .
Intense duration | duration Potential management: Agriculture i
Priority CCP Ecological feature or | Specific metrics or components rainfall Preci pluvial drought Mean annual |evapo- Elevated timing, (draining, haying, Fire (prescribed
ecosystem communities ESDs Associated species function of each ecological feature events variability | Flooding (multi-year) | (multi-year) # hot days |Windspeed er level cOo2 intensity F i or wildfire)
VOTING: use this row to add your initials under climate metrics that you see as critical to focus on in future| FAes B RPN
projections
land structure
(height, density, litter,
bare ground)
irds: Burtowing owd [ve, Femuginous hawk [vcl], Warm-season native grasses
Loggerhead shrike [vcH], Long-billed curlew [vci],
Short-eared ow [vclf]. Greatar prairie-chickan [vclf],
P wﬂl";#m g lant diversity
harrier [vif], Northem pintal [vl] el Cool-season native grasses
Habita, Sands. [vel, Mnm,sﬂm.ﬁ-w.ummm
A 9 Choppy (¥, American wigeon [v]. Gadwall ). Swainsoris
Mixed Sands, Sands, | hawk [v], Savannah sparrow [T}, Vesper sparrow
Sandhills | ritae Lo Croek: | Sency. Sandy |Bairds sparrow [v]. McCown's longspur [v). Forbs.
Grasslands |Sandhills Valentine: | L2¥1and. e Varhem
Srassnds. s Fr. | vc]. Western praire fringed orchid [v), other rare
Invertebrates: Monarch Tree density/cover; demographic
Praiie, Mixed Praite, l“’"“""""'"""”""fl"n:]l"""“""‘m‘ Cedar rates
Talrass Praiia Wated duskywing ] Otoe skipper ], Bonws sp.
:m! ﬁ:mm'd;@hm Perennial cool-season invasive
mug I[v].Luwn.lmh-dF],Pr-u . grasses (smooth brome,
lizard [v], Shclined racerunner [v]. Mammals: Bison | INvasive plant
[, EX [ abundance
Annual cool-season invasive
grasses
Fire management Burn window
Birds: Trumpeter American bittern
Black ai [, Black m";}.q Bt
Crescent: Wetland
Eared grebe [vl], Forster's tem [vel. Interior least | groundwater level
“““"“{:""‘" o (Federal Endangered) ], Morsh wien vel] [
Lokes, Sora wc), Virginia rail [vel], White-faced ibs i)
Manayed Liwe La Whaoping crane (Federal Endangered) [i]
o . i f,om merganser (], Redhead v, Ruddy duck
Fons. Tomporary. Westerm grebe [v], Buffehead [, Lesser scaup [,
Wetlands | Semipermanent and avotat[c] Américan whis Pelican ] Bald
i gl ], Buo-winged toal f, Conada goose . Willow
Pt Common goldeneye [f), Mallard [, Piping plover (1.
River and [f], Wood tos:
nd Speans, Manarch butter [v], Regal frlikary buttery [v] . . :
Ps""’.. etrin ms'“,s"m lowra skipper [f], Mottled Ottoe skipper | Invasive plant Phragmites; hybrid cattail; reed
Riparian canary grass
Forast Palustrine

[vc] Fish: ElmmmMFhuc*dlﬂM]‘

Plains topminnow
| Bignmosth ch 1, Brook siciisback . Crask chob
). Longnose dace [, White sucker [f

Channelfloodplain

Total lake/wetland area

Surface water extent




Selecting climate futures

Projections for 2040-2069
valentine national wildlife refuge

Change in Jan-Dec Total Precipitation

5 inches

GFDL-ESM2M 4.5

HadGEM2-CC365 8.5

...............................

IPSL-CM5A-MR 8.5

MIROCS 4.5

- 5 6

7 8 9 °F

Change in Jan-Dec Daily Mean Temperature

Relative Change .

-1.0 -05 00 05 1.0

Summer Climatic Water Deficit -
Spring Runoffq

Spring Climatic Water Deficit q
Annual Soil Moisture

Annual Climatic Water Deficit 7
Annual Mean Temperature
Length of Growing Season
Day of Last Spring Freeze q
Day of First Fall Freeze
Winter Precipitation 1

Summer Precipitation

Spring Precipitation -

Fall Precipitation

Annual Precipitation

Annual Wind Speed -

Hottest Summer Day

Days With Max. Temperature Above 86F 7

Coldest Winter Day

57

1.2

0.6

17

8.2

486

153.1

5M1

101

14

8.6

-
-
-

Historical

\HadGEMQ

‘“Warm

wet”’

“Hot
wet”’

IPSL

_—

“Dry
summers”’

“Hot
dl"Y”



Putting it all together: Sandhills Ecological Responses

historical dynamics climate plausible ecological
and current trends futures trajectories futures
Woodland
Rate of encroachment Current trends,
! depends on cedar sensitivity to DGVM bprojections

Wet

today: mixed- Mixed-grass prairie

grass prairie _ h __ (cool-season grass/ Ecoregion analogs,
9 - S ' " | warm-season grass) Expert knowledge
« Species mix depends on
'&)’ seasonal precipitation and
= early 1900s: grazing practices
L sparser
%0 grassland gy Sparsely vegetated o
e — gy Growing season heat and Historical trends
o) ! S8 5 . o
O TR 5 moisture stress limit
Q / grassland productivity
. /
=

Open dunes
Severe decadal drought
triggers devegetation and process-based

dune remobilization modeling

16,000 years ago:
' mobilized dunes

Paleo reconstructions,

now > future

past
Clark-Wolf et al. 2025 ECOS,O/)E/'E’ Photos: T. Walz, M. Lavin, C. Helzer, O. Richmond, NPS



What’s
Next?

|. Refine
ﬁ “TeSt driving” Scenarios
‘ ‘ our approaCh 2.Workshop

with managers



Building the toolbox

aaaaaaaaaaa b  Management pathways || c Desired

social- condition
ecological
jectories r

= a0 = B e[

o .t

o i

o

2 e >

_3 .........

W S LRI

5 Conditions g £y

Ry T e e,

Magness et al. (2022) BioScience

“Test driving”
our approach




Existing Resources: The Climate Toolbox

Climate Toolbox  APPLICATIONS ~

Future Climate Scatter
View a scatterplot of future projections for a location in the contiguous USA.

Location: Moscow, ID (46.7324° N, 117.0002° W)
Make Request~

To update the graph, make all of your selections and then click

Choose Location~

[Point Location v
GHOOSE LOGATION

Choose Data-

OShow changes

Vertical(Y)-Axis:

[Dec-Jan-Feb v|

| Total Precipitation v|
Units: |inches ~

Horizontal(X)-Axis:

[Jun-July-Aug v|
| Daily Maximum Temperature v|

Units:

DATA ~ VIDECS CASE STUDIES ACTIVITIES GUIDANCE NEWS CONTACT

Documentation Cite Tool Guided Tour

Projections for 2040-2069 Higher Emissions (RCP8.5) Future Scenario
Moscow, ID

Dec-Jan-Feb Total Precipitation
10.5 inches

10

9.5

85

7.5 ] I T I T
80 82 84 86 88 90 °F

Jun-July-Aug Daily Maximum Temperature

1971-2010 Future @ 1971-2010 Mean Future Mean

https://climatetoolbox.org/



Existing Resources: Future Vegetation Tool

Climate Toolbox  APPLI A VIDEOS ACTIVITIES ANCE ~ NEWS

Documentation Summary Cite Tool Guided Tour
Future Vegetation
Future projections of vegetation for the contiguous USA,

ow, 1D (46.7324° N, 117

Choose Visualization~ ; . ; i :
Dominant Vegetation Type (Without Fire Suppression)

19712000 Modge (Historical, PRISM) and 2040-2069 Made [Higher Emissians (RGP 8 5), 20-Model Mode

®
| 1971-2000 46.7324 N, 117.0002 W Ontarl 2040-2069
L] +9) @
Map Chart | 1971-2000 Lok
v g
Conifer forest E Y

Choose Data~

Queber

Climate-related Variable B run pwic
Vegetation Type (Without Fire Suppression) ~ Ottawa _montreal
Time Period [,-."'
2040-2069 ~| ~Rachsde
[ SN aRioe S
Future Scenario ! rperienes
s aRgEph :
Higher Emissions (RCP 8.5) - e A ors
ingls g il il delphia
Climate Model T et Msshington
20-Model Mode ¥
St i e mond
Norfolk
ottt of " entaber ™
¥l i g
Choose Location - e ¥
Modify Map -
¥ lacksonville
Download Data~ el Chinuatais unis
esri .
ESRI, NAVTEQ, Del.omme, null .
https://climatetoolbox.org/
B shrubland/Woodland Woodland/Savanna

Deciduous Forest Cool Mixed Forest

Tropical Broadleaf Forest Warm Mixed Forest

Tundra I conifer Forest

W Arid Land Grassland



What would an Ecological
Futures Toolbox look like?

APPLICATIONS ~ VIDEOS MARIES

Climate Toolbox GUIDANCE ~ NEWS

The Climate Toolbox “Ew‘?

A collection of web tools for visualizing past and projected climate and hydrology of the
contiguous United States.

FIND

YOUR
VARIABLE

Variable Lookup

Find which tools in the
Climate Toolbox have a
certain variable @

Historical Drought
Recovery

Maps of probabilities of
drought recovery. @

Launch Tool

Climate Mapper

Maps of historical and future
climate information across
multiple sectors @

Launch Tool

New
Tool!

Applications

i

Historical Water Watcher
Maps of real-time water
monitoring over the
contiguous US @

Launch Tool

Historical Climograph
Climographs of monthly
average climate for a
location €@

Launch Tool

‘Illl,f",l|l|‘;.,. |Is||||| |..\.|L||,

Historical Climate Tracker
Graphs and trend lines of
historical climate variability
for alocation @

Launch Tool

/

Historical Seasonal
Progression

Graphs of daily weather and
forecasts for a location @

Launch Tool

Historical Drought Stripes
Stripes of past short and
long term droughts as a
timeseries for a location @

Launch Tool

Historical Climate
Dashboard

Dashboard of real-time
climate for a location @

Launch Tool



What would an Ecological
Futures Toolbox look like?

Climate Toolbox

APPLICATIONS ~ VIDEOS MARIES GUIDANCE NEWS CONTACT

WHAT'S

NEW?

The Climate Toolbox

A collection of web tools for visualizing past and projected climate and hydrology of the
contiguous United States.

Applications § Sl . . .
Biomes in Climate Space Biomes in Climate Space
. S d _ Documentation  Cate Tool | Take Tour i o . . Documentation | CiteTool  Take Tour
Explore climate projections in terms of biomes Explore climate projections in terms of biomes
Location: Kona, HI (19.6419 N, 155.92 W) Location: Kona, HI (19.6419 N, 155.92 W)
Choosea Location Percent of Global Locations with Choose a Location
4D Totat Leation Similar Annual Precipitation and Temp Percentage of Biomes
AGRICULTURE R Point Location with Similar Climates to Kona, HI
10000
o [
Choose a Question Percentage 100% -
Choosea Question
stion:
Que: £ 100% ) 30% Dry Shrubland
‘ How common is a climate in the world? | Annual Question: 20% Dry Forest
Precipitation ‘ Which biomes can this climate support? 500; Mry ic F "
Shoose Parameters (mm) o Mesic Fores
(196 samples)
Future Changes: Download Data
FIND ||| +2°C Global Warming Level
YOUR It ] +3°C Global Warming Level Download locations and
VARIABLE ‘ E:s.cn:"“a' Warming Level | 0% temperature/precipitation values
__ with climates in indicated climate
Precipitation 70 | mm bin. o
. /o
Variable Lookup Climate Mapper, Historical Water Watcher Historid FoERacure change: < Download
Find which tools in the Maps of historjfal and future Maps of real-time water Graphs Current Current Current Current
Climate Toolbox have a climate infogfiation across monitoring over the historic4 Annual T!-;r; oribire (ch}ﬂ £ Day 20 +3°C +4°C
certain variable € multiple gfctors @ contiguous US @ foralod RewnicadData 2
Biome
p Current Future
Lo To B —— _
[ Lauren o | Rernparature/preclplcation vakies Kona, ID: I:I (680.0 mm |:| (70 mm, Dry shrubland
with climates in indicated climate 23.6 °C) +1.5°C Dry forest
bin.
PrS—— Key Points:
# This visualization explores the range of climate conditions found globally. The
climate of Kona, Hl is shared with 2% of the world's locations. Key Points:
& « We used 0.5 C increments to group places with similar temperatures. For ®  Forlocations with a similar climate to_Kana, HI, this graph shows how frequently each biome type
\\ = precipitation, we grouped on a logarithmic scale because small differences in occurs. Future distributions are based on current biomes in locations with corresponding climate
N eW precipitation have larger consequences in dry places. now.
4 | ipitati f f
* Kg_ua;_H_Lcurrent y hias sy s precnfitatlun 9 ﬁ&O_m_mand ‘FmPBra‘ure 2 ®  This figure shows the frequency of different ecological outcomes under similar climate conditions
23.6°C. Under a fumrq of £100m.+1.8°C, the annual precipitation is §10 mm (- and can be used to assess the risk of transformation
Historical Drought I I ' Historical Climograph Historig 10%) and temperature is + o :
Recovery O O . Climographs of monthly Progre
Maps of probabilities of average climate for a Gr; oroaTy weaner A Dasnooarg o rear e
drought recovery. @ location €@ forecasts for a location @ climate for a location @
00 Launch Tool Launch Tool

Source: Helen Sofaer (USGS) and Katherine Hegewisch (UC Merced)

Preliminary information — subject to revision. Not for citation or distribution.




ECOSCENARTOS WORKSHOP A
July 17-18, 2023 ~ Boulder CO CRI'E“‘f.'r'I'{}E P
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Questions?

1 University of Montana (UM)
Phil Higuera: co-Pl; forest fire and vegetation
dynamics

2 The Nature Conservancy (TNC)
Marissa Ahlering: co-Pl; grassland ecology & climate
change solutions (North/South Dakota)
Terri Schulz: co-Pl; conservation planning, ecology & lan
management (Colorado)

3 University of Wyoming (UW)
Corrine Knapp: co-Pl; climate adaptation, conservation innovation

4 Great Plains Tribal Water Alliance (GPTWA)
Reinique Beck: co-Pl; Tribal water quality & management

5 University of Colorado Boulder (CU Boulder)

William Travis: Pl; climate risk & adaptation

Jane Wolken: co-PI; forest ecology

Imtiaz Rangwala: co-Pl; climate science & applications
Heather Yocum: co-Pl; social science & JEDI programs

Laura Dee: ecosystem services responses to climate change
Kyra Clark-Wolf: ecological impacts & transformation

Chelsea Nagy: invasives, wildfire & ecological transformations
Ulyana Horodyskyj Pefia: science communication & outreach
Hailey Robe: administration, communication & outreach

James Rattling Leaf, Sr.: Tribal engagement & ethical space framework (South Dakota) U n iverSity Of COIOradO Bou‘der

Christy Miller Hesed: actionable science & ethnography management & ecology (Kansas)

6 South Dakota State University (SDSU) 7 Colorado State University (CSU)
Jeff Martin: co-Pl; bison health, grassland ecology & management Ana Davidson: co-Pl; wildlife science & zoonotic diseases
Courtney Schultz: co-Pl; fire, policy & collaboration

Contact: Kyra.Clark-Wolf@colorado.edu



