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e Past and future climate changes in the GYA
e Current and potential ecological responses

 Framework for planning natural resource
management as climate changes



e Past and future climate changes in the GYA



(source: Intergovernmental Panel on Climate Change, AR4 report 2007)



Trend in Annual Mean Temperature 1961-2006 (°F/yr)

Temp. Trend (°Flyr)
0.11

0.07

0.04

- -0.04

-0.07

-0.11

(source: PRISM climate data from the ClimateWizard GIS tool, E. Girvetz)



Trends in Seasonal Mean Temperatures 1961-2006 (°F/yr)
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Trend in Annual Precipitation 1961-2006 (mm/yr)
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Trends in Seasonal Precipitation 1961-2006 (mm/yr)
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From: S. Gray



Bradley (2009)



Bradley (2009)



Warmer temperatures -
+3-7°F by 2040

Precipitation changes
less certain — possible T
in winter, 4 in summer

More frequent extreme
events

Decreased extreme cold
events



e Current and potential ecological responses



Changing climate likely to influence:

e Snow, Iice and water

e Timing of spring
events

e Disturbances
* Vegetation

« Wildlife



Linear trend in April 1 snow water equivalent (1950-2000)
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Presenter
Presentation Notes
April 1 snow water equivalent (SWE) has declined 15-30% in western mountains.


Percent snow depth changes in March
(2041-2070 compared to 1961-1990)

Analysis by Plummer et al. 2006 in IPCC 2007 AR4 report
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Presentation Notes
April 1 snow water equivalent (SWE) has declined 15-30% in western mountains.





From: Hall and Fagre, 2003
BioScience 53: 131-140
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e Increased winter flows

e Diminished summer and
fall flows


Presenter
Presentation Notes
Winter flows projected to increase; spring peak comes earlier; summer and fall flows diminished. 


Stewart et al. 2005


Presenter
Presentation Notes
Peak streamflow in snow-dominated western mountains 1-4 weeks earlier.



Mark D. Schwartz


Presenter
Presentation Notes
Onset of spring “greeness” 10-14 days earlier.
Earlier migrations, flowering, emergence, etc.


Westerling et al. 2006


Presenter
Presentation Notes
# acres burned in last 15 years = 6.7 times greater than amount in previous 15 years  due to warmer temperatures and earlier spring snowmelt (not land use or fire suppression  they determine this by looking at changing fire dynamics in areas that are considered to be relatively unaffected by fire suppression activities)


Jeff Hicke 2004



Current
Climate

Increased
Temperature
+

Precipitation

Subalpine fir

Engelmann
spruce

Whitebark pine

~43% 2> 17%

~29% - 5%

~12% > .02%
Schrag et al (2008)



Unpublished research by Guy Pinjuv with Ron
Neilson’s group at USFS Pacific Northwest
Research Station —
contact guy@ptarmiganforestry.com for
additional detalls



G. Pinjuv
unpublished data



G. Pinjuv
unpublished data



G. Pinjuv
unpublished data
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Presenter
Presentation Notes
The challenge for managers is figuring out what can be done to allow for adaptation and/or movement, so that we minimize the loss of species or the degradation of ecosystems. Some specific issues facing managers’ ability to dive into this issue are listed here…in particular…what exactly are we trying to manage for?? Do we need to reframe our management goals?


Increase RESISTANCE to change

Promote RESILIENCE to change

Enable ecosystems to RESPOND to change

Adapted from Millar et al. 2007, Ecological Applications and USFS Climate Change Resource Center


Presenter
Presentation Notes
Potential ways to reframe management goals in light of changing climate. Here I will describe “Resilience” in a fairly narrow way to explicitly draw out the differences with “respond”  resilience = system changes somewhat in response to disturbance, but ultimately retains the same species composition and function. These concepts are not necessarily mutually exclusive, and there may be times and places where any one of these approaches is appropriate. The main messages are to be as transparent as possible about which of these goals any particular actions are aimed at achieving, and the fact that solely focusing on resistance and even resilience may not be achievable if climate impacts are big.

I will try to provide some examples from real systems of what these approaches might look like…
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Presenter
Presentation Notes
Briefly show this slide as a transition to the next slide…we need a framework aimed at addressing these challenging issues…


 Framework for planning natural resource
management as climate changes



CONVENED BY:

PARTICIPANTS: Academic, government agency and conservation NGO
researchers

GOAL: Develop a participatory and iterative framework for making
place-based climate change-informed management decisions.


Presenter
Presentation Notes
To address the previous challenges, a working group of folks from universities, conservation NGOs and government agencies got together to develop a participatory and iterative framework for climate change adaptation planning. I’m going to describe these steps in a general way, and then provide some examples of what those steps might look like for particular systems of conservation concern in the Rocky Mountains.


Climate Change Adaptation Framework

Adapted from www.cmar.csiro.au/research/mse/



Presenter
Presentation Notes
Framework draws on planning approaches that will look familiar (e.g., the adaptive management cycle depicted here), but placed in a context that allows for consideration of climate change-related issues. The framework focuses mostly on the planning phase, although emphasizing that we are planning in order to implement actions.

http://www.cmar.csiro.au/research/mse/�

Climate Change Adaptation Framework

Select conservation target

and TARGET:

Define management goal

Species
Ecological process
Ecosystem

Cross et al. in prep.



Climate Change Adaptation Framework

Select conservation target
and
Define management goal

CONCEPTUAL MODEL

Build
conceptual
model

Assess

ldentify

climate future

i SOCIO-
.change cllma'Fe TARGET ECONOMIC
impacts scenarios of ECIES / SYSTEM DRIVERS

Cross et al. in prep.



Climate Change Adaptation Framework

Select conservation target
and
Define management goal

Build
conceptual
model

Assess
climate
change
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From Peterson et al. 2004

Cross et al. in prep.



Climate Change Adaptation Framework

Select conservation target
and
Define management goal

Build
conceptual
model

Assess
climate
change
impacts

Identify

future
climate

scenarios

A 4

Identify intervention points
and management actions

Cross et al. in prep.



Climate Change Adaptation Framework
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Climate Change Adaptation Framework

Select conservation target
and
Define management goal
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Cross et al. in prep.



Climate Change Adaptation Framework

Select conservation target

and
Define management goal
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Cross et al. in prep.



Greater Yellowstone Ecosystem
and Northern U.S. Rockies

Ecological processes
River flows

Species
Grizzly bears

Wolverine

Ecosystems
Yellowstone River
Sagebrush steppe




e Climate changes are already influencing
hydrological and ecological systems

* We can anticipate future changes, but there
remains uncertainty

 However, we already have enough information to
begin proactive planning for climate change
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Thank you!!

Questions?
Comments?

Question, comments, suggestions??

8. Karash, WCS



Greater Yellowstone Ecosystem
and Northern U.S. Rockies

Ecological processes
River flows




Yellowstone River flows
(ecological process)

To maintain
Yellowstone
cutthroat trout



Presenter
Presentation Notes
I do not necessarily need to show the next 4 slides…IF we think it would be helpful, I could walk the group through the adaptation planning steps using an example form another system: streamflows on the Yellowstone River. It might help explain very quickly what we aim to do with the gbears and wolverine systems. Chris -- What do you think about the usefulness of showing this example? I’m fine with or without it…it might also depend on how much time we want to spend on this intro before diving into the gbear and wolverine conceptual models…


Build conceptual model
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upland forest condition
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groundwater

grazing
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Initial climate scenario: Warmer & drier

A agricultural
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Identify intervention points
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Potential actions for initial climate scenario

Intervention Points

— Potential Actions

Withdrawals

Purchase water rights

Water conservation

e

Reduce
withdrawals

Snowpack
management

Build snow fences

High elevation
streamflow

Increase local
snowpack

Install check dams

Beaver
populations

Reintroduce beaver

Impervious
surfaces

Increase rain |
retention

Reduce / remove roads

Grazing
practices

Reduce livestock
density

Riparian
vegetation

Fence riparian areas

Increase
riparian shading

<
~
S

Restore riparian
vegetation

- Desired Responses

Peaked
hydrograph

Maintain
appropriate
water T

Cross et al, in review




Examine actions across multiple scenarios

Management Action 1

<
‘ Management Action 2

Scenario 2 ‘

Scenario 3

Scenario 1

Management Action 3

Management Action 4




From L. Scott Mills, University of Montana o L.S. Mills


Presenter
Presentation Notes
e.g., snowshoe hare and canada lynx  hares turn from winter white to summer brown based on day-length (which is not changing) while the environment around them goes from snowy white to summer brown based on air temperatures and snowmelt date (which is getting earlier). Now white hares are no longer camouflaged and Scott Mills has seen increases in spring mortality which he suspects is linked to increased predation by lynx. Will/can hares evolve to turn brown earlier? Do they have time?
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