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GOAL

Provide guidance for park managers to use the
science and tools of climate change adaptation to
develop climate change adaptation strategies that
support science-based park management:

e Scenario planning

 Climate data, models, and projections

* Ecological and cultural resource response models
* Vulnerability assessments

 Adaptation options guidance

 Landscape partnerships



IRESPONDING TO CLIMATE CH:
DEVELOFING

2 iz availshle fiom a varisty of
£ J AA the Burean of B
NhIlmnagsment, and ths
Fadaration, the Wild

sllaborate with partmers to deve
parmerzhips a2 davaloping
Landscaps Cons i
OppoThmn

a'ia;-t.ir q. Tha DOI = activaly oping both
cienca Centers to incresss owr




Guiding Principles

Use the best available scientific data and
knowledge to inform decision making

Collaborate with partners to develop, test,
and apply climate models

Incorporate climate change considerations
and responses in all levels of planning S ®

Implement adaptation strategies that
promote ecosystem resilience and enhanc
park resources

Develop, prioritize, and implement strateg!
to preserve climate-sensitive cultural |
resources




Assumptions

Most of these concepts and science are new—many
NPS managers are not familiar with them

Most park managers simply don’t have time to track
this stuff down, learn to use it, and incorporate it into
management—this process must add value without
adding (too much) work

The science we need is or mostly will be available—we
do not have to conduct most of it ourselves

The future of managing resources in parks will depend
on a larger part on working with partners at the
ecosystem and landscape scale—the scale of the
Impacts

This first iteration won’t be perfect—we will continue to
monitor, review, revise



Steps to Develop Park-based Adaptation Strategies

1. Designate a Climate Adaptation Network (a group of parks with similar
climates and some overlap of Conservation Targets)

2. Select 3. Conduct

Conservation | Vulnerability
Targets Assessments

6. Monitor, Review, Revise

5. Implement | 4. ldentify - Scanning the
i - Conservation Horizon
Management | Mgt Options L e o
b Vileeobility Agssassmaont

5. Develop Climate |4. Develop Climate
Implementation  |Adaptation Strategy
Plan

Adapted from Glick et al, NASA LCC-VF




1. Develop a climate adaptation network
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1b. Develop a climate scenario for the CAN for

drivers and impacts
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Impacts of

Climate Change on Greater Yellowstone Resources

Category Topic

Trend C

Air Quality | N Deposition

Ammaonium in wet deposition is elevated. This nitrogen species is of concern due to possible
impacts on high elevation |akes and streams, and possible nutrient enrichmentin soils,
leading vegetation changes in alpine and arid shrublands areas

Ozone

Ozone concentrations are low. There are ozone sensitive plants in YELL and GRTE, including
sagebrush, spreading dogbane, aspen and Scouler's willow. However risk of foliar injury is low
atthistime.

Biota Amphibians

The effects of climate change on amphibians are expected to be multi-faceted and include
direct physiclogical impacts as well az indirect impacts to the species’ habitat, competitors,
predators, and pathogens. Boreal toads appear to have experienced a population decline
across the Rocky Mountains from north to south, 3 pattern potentially associated with the
distribution of chytrid fungus. (summarized in Ashton 2010}

AzpenTrees

There has been some expanszion of aspen into higher elevations, and azpen may be positively
affected by global changes such as increasing fire frequency, beetle cutbreaks, and rising 02,

suppression and & recently-described phenomenon known as sudden aspen decline that may
be associated with disease and other pathogens [Strand et al. 2009; Worrall et al. 2008).
Aspen recruitment has been very limited since 1375 in areas of Rocky Mountain National Park,
and heavy browsing by elk has reduced regeneration by up to 90%, although aspens have
remained stable in areas with fewer elk, suggesting that herbivory plays & larger role than
climate change in aspen decline [Binkley 2008).

Birds

Avianresponsestoclimate change can be broadly categorized 3z changes in range and
distribution, phenclogy, behavior, and morphology [Fiedler 2003; Van Buskirk et al. 2010).
American Robins in the Colorado rocky Mountains are arriving earlier in spring than in previous
decades [14 days earlier in 1993 than in 1381).

Elk

Reduced precipitation, especially less snow, has created more favorable conditions for elk
population growth in Montana [Creel and Creel 2009) and is predicted to improve conditions
for elk in Colorado, including a potential increase in the size of the equilibrium population
[Wangetal 2002).

l however, aspen is expected to continue to decline at the landscape scale as 3 result of fire




GNLCC conservation priorities

w2 2. Select conservation targets

Landscape
Priorities

Species

Ecosystems
[~ Ecological Processes
ceommoms (ISR Cultural Resources

me FT criteria for selecting the conservation targets:

(1) They are priority resources orissues for NP5 management(e.g., part vark's enabling

legislation; iconic resources);

(2) They are resourcesthatcan be impa WORKSHOP ALERT! d actions; (i.e.,

Managers can “turn the knobs")

(3) We are required by law to reporton
Historic Landmarks)

ies; air quality; National

(4) Species, ecosystems, or processes that have a multiplier effect on otherresources (e.g., ecological

systems, keystone species, ecological engineers, umbrella species, link species)

(5) Resources that might be particularly sensitive to climate change
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Potential Climate Change Conservation Targets

Workshop/Process to Identify Conservation Targets

Science Agenda

High Elevation
Climate Workshop

YELL Matural
Resource Vital

GRNY Vital Signs

Great Northern
LCC DRAFT
Strategic
Framework (June

Potential Vulnerability Assessment
that can inform Adaptation Options for

{Nov 2009)* (May 2010)* signs (2011)* {Phase Ill Report)* |2011)° this Conservation Target
Ecological Processes
Hydrology/Ground
water Hydrology =>Middle Rockies REA;
BLM Middle Rockies REA; Western
Governors' Association Landscape
Integrity and Connectivity Team
assessment (including impacts of
Connectivity climate on connectivity);
Matural Fire ==BLM Middle Rockies REA;
Fire Fire Fire Fire Regimes ==Westerling et al. 2011
Drought CIG data; Hostetler model
Flood CIG data; Hostetler model
Ecological System
Aspen Aspen MNASA LCC-VP;
Middle Rockies REA; Regional Stream
Rivers and Riparian |Temperature Model (Isaak, GNLCC
Aguatic Systems Riparian/Riverine |Areas funded)
Grassland/Shrubla
nd Shrub-steppe Grasslands NASA LCC-VP
Alpine Alpine tundra Alpine Alpine NASA LCC-VP
/\ Cushion Plants
1 3 5 7 |Sub-Alpine Forests Sub-Alpine Forests
Mont! Douglas Fir Woodland Woodland MASA LCC-VP
Alpine Lakes
Lodgepole Pine MASA LCC-VP
'l': Limber Pine
Native Species
Amphibians Amphibians
Arctic Grayling Arctic Grayling
Bald Eagles Bald Eagles

Bighorn Sheep

Bighorn Sheep

==Middle Rockies REA; == Mountain
Ungulate Research Initiative;
=*Morthwest Climate Vulnerability
Assessment (Lawler--GNLCC funded)
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4. Identify management options

* Can management reduce the vulnerability of the
conservation target?

WORKSHOP ALERT!

Sensitivit
adaptive

Exposure




4. Identify management options

 How feasible is it to manage for this conservation
target?

None- Helpfulo High-cost/Riskyc
neededd

Lowo Moderateo Higho

LOW Moderated Higho

Higho Moderatec Lowd

Higho Moderateo Lowz




4. Identify management options

e How uncertain are we in the projections and
vulnerability assessment?

- Table 1. Expected Northern Rockies
regional climate changes :

Temperature change (© -F Prﬁlpltaflf}" change

B1 {low) A1B me-i:l. B1 {low) . A1B{med)
2.1 +23 - +3 : +3
(+1.2t0+359) (#1310 +.¢.3} (-27 to +E'EI'}- (-14to +25)

: +4.38 +2 : +10
: 2080s (+3.2 to-+7.9) |:+3~..t|:| +10 4} (-2to +27) - (-12to +36)

L Ok Clnas deotuiom etk [ v - Changes in temperature and precipitation are relative to 1970 -1999,
-averaged over 117W-105W and 42ZN-43N. 20208 = 2010- 2035, 2040z =
. 2030 - 205%; 20805 = 2070.- 2099..81.is a low.greenhouse gas.emissions .
" scenario; A108 is higher until about the 20405, then iz moderate (see right).

B Morige, Review, Revise .
S tmplamant | & 1aarty - Data: [‘J.'IIF'E (IPCC- AR4 GCNs)}®
Managemens Mt Optice . .




4. Identify management options

 What is the time frame for the projections?

¢ 144
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.Figure 1. Northern Rockies and 2001-2099 (color).

-Heavy lines are ensemble (multiple climate model)
-averages for B1, A1B, and A2 emissions scenarios.



4. Identify management options

* Management/Adaptation Option Guidelines
SAP 4.4

Time (years)

(\39\

K%

Protect key
ecosystem features
Mitigate
anthropogenic
stressors

Start now—
build on
existing work

Watershed to
Ecosystem scale

ng for Resiliep "

* Representation
¢ Replication
* Restoration

Park
management
ecosystem
partnership
focus

N\a,nag'\ng for Ch, Nge

¢ Refugia
* Relocation

LCC Focus:
climate critical

Plan now—start spg(igS and
after more inking
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4. Identify management options

* Management/Adaptation Option Guidelines

Levels of Ecological Organization

Protect current [
patterns of

Yale Framework Hoduri




4. Identify management options
* Management/Adaptation Option Guidelines

DRAFT National Fish,
Wildlife, and Plant
Adaptation Strategy

” 1 NATIONAL fish,wildlife & plants
Q‘. & CLIMATE ADAPTATION STRATEGY

e, —;‘: e e 9 e ——— —

Public Review Draft




4. Identify management options

 What are the best management options (guidance in
YALE Framework, SAP4.4, National FWP Strategy)?
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5.+Restorationd

Rehabilitate ecosystemsthat-have-been-
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6.+Reduce-non-climate-
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4. Identify
management
options

At what scales should
management occur?
With which partners?
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A Landscape
Case Study:

Whitebark Pine

Fig. 2 Modeled bioclimate profile of Pinus albicaulis for the present (a) and predicted climate for
decades 2030 (b). 2060 (c) and 2090 (d) under climate change scenario using an average of Hadley
and CCMA GCM scenarios of 1% per year increase GGa. Black indicates location of pixels recerving
>50% proportion of votes in favor of bemng within the climate profile




4. Identify management options (Develop Adaptation Strategy)

Preparing for a Changing Climate

Washington State’s Integrated Climate Response Strategy

® DEPARTMENT OF

ECOLOGY

State of Washington Ape 2062

Pubhicsnon No. 12-01-004
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Great Northern
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Implement management options
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6. Monitor, review, and revise (examples from
High Elevation I&M)

* Monitoring Sagebrush Steppe and Grasslands

Objective: Expand monitoring across all three networks to included
sagebrush steppe (GRYN), grassland/woodlands (ROMN) and
ecotones for conifer encroachment (UCBN, GRYN, ROMN) [

* Monitoring Alpine Vegetation and Soil
Objective: Establish new GLORIA sites (GRYN and ROMN)

* Monitoring Five-Needle Pines

Objective: Expand monitoring of five-needle pines (White-bark,
Limber) across all three networks (disease and regeneration)

= Phenology and Snowpack

Conusreation

@ik ctive: Evaluate MODIS and similar technologies for broad-scale
E==IF=8h onitoring of phenology, snowpack, and productivity



Steps to Develop Park-based Adaptation Strategies

1. Designate a Climate Adaptation Network (a group of parks with similar
climates and some overlap of Conservation Targets)

2. Select 3. Conduct

Conservation | Vulnerability
Targets Assessments

6. Monitor, Review, Revise

5. Implement | 4. ldentify - Scanning the
i - Conservation Horizon
Management | Mgt Options L e o
b Vileeobility Agssassmaont

5. Develop Climate |4. Develop Climate
Implementation  |Adaptation Strategy
Plan

Adapted from Glick et al, NASA LCC-VF




Next Steps

* GRTE-JODR-YELL Pilot

Select Conservation Targets

Assess Vulnerability Assessments

ID Management (Adaptation) Options
Develop Adaptation Strategy

Develop Implementation Workplan
Monitor, Review Revise

* IMR Regional Guidance

Feedback from RSAT

Feedback from GRTE-JODR-YELL Pilot

Re-Write Document with feedback, experience, editing
Review and Approval from IMR

Establish CANs (talk with Patrick Gonzales)

Develop workplan to assist parks



THANKS!

Tom Olliff
National Park Service IMR LC&CC
Great Northern LCC

406-581-2763 "k
406-994-7920 i
tom_olliff@nps.gov



