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Main Scenario: Climate

N\

NCAR

—Annual temperature: +3.5°C (+6.3 °F)

—Annual precipitation: +1.6%

Season Precip% | Temp °C Temp °F
Winter +13 +2.5 +4.5
Spring -6 +3.5 +6.3
Summer -15 +4.5 +3.1
Fall 0 +3.5 +6.3




Main Scenario: Hydrology ﬁNCAR

Parameter Impacts
Runoff Amount 5-18% decrease
Snowpack e later fall accumulation
Accumulation e 10-15% lower peak
and Melt accumulation
e earlier spring melt — 2-4 weeks
Runoff Timing earlier by 1-3 weeks
Summer Flows * low flows -10%
* high flows -25%
Winter Flows e 30-50% increase, due to more
rain events




Alternative: Climate

N\

NCAR

— Annual temperature: +2.7°C (+4.9°F)

—Annual precipitation: —3%
Season Precip % Temp °C Temp °F
Winter -5 +2.7 +4.9
Spring +10 +2.0 +3.6
Summer -20 +3.0 +5.4
Fall +3 +3.0 +5.4




Alternative: Hydrology ™

NCAR
Parameter Impacts
Runoff Amount | 5-13% decrease
Snowpack e later fall accumulation
Accumulation | 15-20% lower peak
and Melt accumulation

e earlier spring melt — 2-4 weeks
Runoff Timing | earlier by 1-2 weeks

Summer Flows | low flows -15%

* high flows -50%

Winter Flows e 30-50% increase, due to more
rain events




Refine Management Objectives
Refine Conceptual Model
Assess Impacts: Scenarios
Complete Table 1: Impacts

12:45-4:30 Bonneville Cuttroat McCarthy &
Breakout Groups Trout (“trout”) — this Garfin

room
Bear River Wetlands Cross &
(“Wetlands”) — breakout Gori

room to west

Refine objectives
Develop model
Assess impacts
Table 1




8:30-12:00 Trout
Breakout Groups

|dentify Actions MUl

Opportunities
Needs

Identify Strategic Actions
Complete Table 2
Review Management Objectives
Evaluate Priority/ID Opportunities
Research & Monitoring Needs



Conservation Features — Tab 3

CGunnizon Climate Change Adaptation Workshop
Sommary of Conservation Features

At the Gunmison Basin Climate Change Adapiation Workshop, we will apply an adaptation
plannine framework to develop siratesic actons for three diferent types of conservaton feanmes
(specias, ecosystem, and ecological process). Based on parficipans input, we selected the
Gunnison sage-grouse, alpine ecosystem and Gunnison headwaters to be the foons of adaptation
planning exercices conducted during breakout sessions.

Criteria for selecting feanmes to fiocus on at the workshop include: species, ecosystems o
processes of ecolozical sisnificance within the watershed: rare, impenled or Colorado Dhivision
of Wildlife Tier I species; species of concern; availability of information; particalar vulnerability
o climate change; and potentis] for development of sdaptation sirateries. A chort description of
each of these featmes is below.

Cunnicop sage-grouse:

The largest known populatien of the Gunnison sage-gronse, ooly known from southwestern
Colorado and southesstern Utah, ocours in the Gunnison Basin The grouse’s priority habitats
inchade montane sagebmsh shroblands snd dparian meadows. The Gunnison sage-grouse is
ranked as critically imperniled by NammeSere Colorado MNahmral Heritage Program and is a
Colorado Division of Wildlife Tier I species. Other impeniled species and 'or species of concern
inhabitng the sagebrush shrublands inchude Guonison's prairie dog, Brewer's spamow, Green-
tailed towhes, Vesper's sparmow, Sage thracher, Follin's tainped, skiff milkvetch snd Gumnison
milkvetch.

Gunnison headwaters:

The Gunmizon headwaters include the wpper watershed of the Gunnizon Fiver above the juncton
with Beaver Creek. Primsry tribataries inchode East Biver, Chio Creek, Taylor Fiver, Tomichi
Creek, Los Pinos Creek, and South Beaver Creek. These rivers and streams support riparian
woody riparian vegstation Associzted imperiled species and ‘or species of concern inhsbiting the
headwaters include Colorade Fiver outthroat trout, boreal toad, Black Swift, and the Gumndson
same-grouse. The proup will consider these “nested” species and ecosystems of conservation
concem and the characteristics of the headwaters hydrologic regime that are important for

Alpine ecosysten:

The alpine ecosystem ocours sbove approcimately 11,500 feet (timberline) and inclodes the
highect peaks of the West Elk, Elk, Sawatch, and San Jusn Mountains Alpime habitats inchida
dry alpine nundra, moist to wet alpine meadows, dwarf shroblands fell-felds, talos slopes, snow
and ice fields, and knommbolz These are cold wind-swept environments omach of the year and
receive infense ulraviolst radiation. For the purposes of this workshop, we will also include the
Tansition zone between the alpine and subalpine zone (e £., subalpine meadow ee-line
interface) becanse of potential shifts in plant and animal species. Associated imperiled species
and'or species of concern inclode American pika, yellow-bellied marmot, Uncompahzre
fntillary, Colorado tansy-aster, White-tailed Prarmigsn Brown-capped Rosy Finch and Rocky
Mountain bighom sheep. Wolverines wese historically presem:.
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Bear River Wetlands
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Table 1 — Notebook Tab 5

Table 1. Climate Change Impacts (Hypotheses of Change): Bear River Climate Change Adaptation Workshop

Conservation Feature (circle): Bonneville Cutthroat Trout or Wetlands

Key Climate-Influenced Drivers/Effects Observed & Projected
(e.g.. Physical, Ecological, Social, Climate Change Impm:tl
Economic) (i.e., Hypotheses of Change)

Comments, Notes, Sources

Warmer winter temperatures and decreased precipitation lead to significantly

ERanple: suouack (low ot Tction) reduced snow pack and reduced summer base flows.(S1 & 52)

S1, S2, S1+52

! Indicate Scenario (see description in heading) the impact applies to: “S1” = Scenario #1 only, “S2” = Scenario #2 only, or “S1+S2" = both.




Table 2 — Notebook Tab 5

Table 2. Identification of Strategic Actions to Address Climate Change Impacts for Scenarios #1 and #2: Bear River Workshop
Conservation Feature (circle): Bonneville Cutthroat Trout or Wetlands

Management Objective:

to significantly reduced snow
pack and reduced summer
baseflows (51 & 52)

snblimation cansed by prevailing winds

and snow accumulanion protecton fom
wind

Observed & Projected . ' . ; ; ’ . ; ; Level of s

= = ] Intervention | Scenario £1 Strategic Acton Scenario #1 Strategic Action z = Oppormnities to
Climate Change Impact’ | ™p L (Planning Horizon: 2040-2060) | (Planning Horizon: 2040-2060) | 0 &Y/ TImplement
(Hypotheses of Change) Sk A Priority
Warmer winfer temperanres Snowpack Manage forests as namiral spow fences to | Conduoct selecove thinning and planting Mediom to
and decreased precipitation lead | management slow snow melt and protect from to create 3 Hving snow fence for shade high

10-15 year for actions to prepare

for the 2040-2060 time frame

‘See list of Definitions in participants’ packet.




Climate and Hydro Scenarios — Notebook Tab 4

Climate Change Scenarios
Linda Mearns, National Center for Atmospheric Research & NARCCAP

Time frame: 2041-2070 compared to 1971-2000
Region: Bear River Basin [40°-44N, 110°-114"W)
IPCC SRES Emissions Scenario; A2 [ “medium-high emissions™)

Background and Method

The climate change scenarios were constructed using a variety of information,
including- regional probabilistic information generated using the CMIP3 [CMIP-
Coupled Model Intercomparison Project) suite of ower 20 global climate model
results wsed in the [FCC Fourth Assessment Report (based on methods explained in
Tehaldi et al. 2004, and 2005), results from Chapter 11 of the IPCC Working Group 1
Report [Christensen et al, 2007), and some results from the NARCCAP (Morth
American Regional Climate Change Assessment Program) regional climate model
simmlations (Mearns et al., 2009). The emissions scenario considered for the
probabilistic information and for NARCCAP is the AZ, a medium high scenario.
However, for Chapter 11 of IPCC the A1B scenario, a lower (middle] emissions
sCEnarios, was emphasized. The time peried for the future is roughly 2041-2070,
compared to 30 years in the current pericd (197 1-2000) for MARCCAP but further
out in the century for the CMIP3 dimate model results in the [PCC Chapter, For the
regional probabilistic information the time periods are similar to those used in
NARCCAP. The quatniles the probability distributions for temperature change and
predpitation change are presented later in this dooument.

The quantiles of the probability distributions for temperature change and
precipitadon change (3] for annual and seasonal values for an area covering all of
the Bear River Basin, for the AZ emissions scenario for around 2060, are used as the
basis for choosing the Main Scenarie. It is important to note that the distributions
are based on multiple medels, and other sources cited above are also taken into
consideration. Thus, the same percentile is not chosen for all seasons for both
temperature and predpitation. Below, key quantiles are presented from these
distributions te give the reader a sense of the spread across the model sinulations.

I ——
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Hydrologic Impacts of Climate Change Scenarios
Joseph Barsugli, Western Water Assessment & NOAA Earth System Research Laboratory

Background

The hydrologic scenarios are created from the temperature and precipitation
changes chosen by Linda Mearns, by running these changes through a hydrology
made] to produce dimate-altered flows and snowpacks for the Bear River. We
consider only “natural” flows —unaltered by diversions and reservoir storage and
are not able to address reaches of the river where groundwater interactons are
important. Scenarios are referred to as “Main Scenario or Scenario 17 and
“Alternative Scenario or Scenario 2.

Method |“delta method™)

Historical temperature and precipitation data for 1915-2003 from the Hamlet and
Lettenmaier (2005) gridded 1/8 desree (approx 12 km or 7.5 mi.) dataset are input
to the VIC (Variable Infiltration Capacity) hydrologic model te produce the basaline
hydrolegy. The overall methed simply adds the average projected change to data in
the historic record. Historic temperatures are adjusted by adding the difference in
temperature specified in the climate scenarios. Historic precipitation values are
adjusted by the percent change specfied in the climate scenarios. These adjusted
meteorological sequences are then mm through the hydrolesy model, producing
climate-altered hydrolegic sequences. The runoff and base (soil) fow were routed
down the river network producing modeled streamflow. We will look at three
tributary inflows and at the river basin as a whole

annual Natural streamflow

The long term average “natural” flow in the basin decreases in both scenarios. The
effect of warming alone would be to reduce flows by about 15-25%. However, the
increases in the Winter (Main Scenario) and Spring (Alternative Scenario]
predpitaton semewhat compensates for the increases in evapetranspiration due to
Warmer [emperatures.

Table 1. Streamflow changes in thousands of acre-feet

Soreamflow Location Base (Historic) Main Alternative
Scenario

Uinta Headwaters (EEARH) 187 | 153 [-1B.2%%) | 162 (-13.4%%)

Smith Fork [SMITH) 130 124 [-4.6%0) 120 [-7.7%)

Logan River [LOGAN) 411 384 [-6.6%0) 392 [-4.6%)

Bear River cunmlative 1810 | 1659 (-B.3%) | 1691 (-6.63%)

(BEARC)

1 ——
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Cheat Sheet—-Tab 5

—Annual temperature: +3.5°C (+6.3 °F)

—Annual precipitation: +1.6%

Season Precip% | Temp °C| Temp °F
Winter +13 +2.5 +4.5
Spring -6 +3.5 +6.3
Summer -15 +4.5 +3.1
Fall 0 +3.5 +6.3




Climate Change Adaptation Framework — Tab 5
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Definitions — Notebook Tab 5
Gunnison ClimateWorkshop ‘Definitions¥
1
1 + Adaptationtoclimate change:-An-adjustmentin natural svstemsin responseto-a-changing climate-
in-order to moderate-adverse impacts or capitalize onnovel opportunities {IPCC-2007) -Adaptation-
involves-anticipating the influence of climate-change-andusing this information to makeproactive-
choicesto-achieve objectives §

0

2 - Adaptive capacity: Theability-of a systemto-adjust, to moderate, to take advantage of.-or cope with-
novel conditions{TPCC-2000}. Enhancing an ecosystems adaptive capacity is-an-effort to reduce the-
svstems vulnerability and 'or strengthenits-ecological resilience through management-ormitigation ¥

q

3 —+ Adaptive strategies: Three-approaches to-adaptive strategies-are resistance, resilience, -and-enabling-
natural resources to respond to-changes, € g improving habitat-connectivity toenable species-
movement{thelatteris the mostproactive approach).q

0

4 -+ Climatechange impacts{hypothesesof change): How climate-change will specificallvimpact-
conservation-features andtheirecological atributes. -Vulnerability-of the systems-the combination or-
exposure and sensitivity of theecology-of the species-orecosystem {e g . significantlyreducedsnow-
packwill-alterthe-spring andsummer-hyarologic flowregime for-ariparian-ecosystem) g

q

5 ~+ Conceptual-ecological' model: Tllustration-of the climatic, ecological, social and-economic -drivers-
thataffecta selected species-orecosystem_-A box -and-arrow-diagram representing ecological -
relationships to-helpunderstand and-communicate potential ecological impacts of climate change on-
conservationfeatures ¥

0

6 —+ Driver:-An-ecological element -that causes-a-change-in-an-organism, communitv, -ecosvstem, -

orother-ecological-component-ofthe landscape §
0

7+ Exposure:The-degree duration, -and 'or-extent to which-a svstemisin-contact-with-a perturbation, -
often-depicted by-analysis-ofhistoricclimate-and future climate projection data {such-aschangesin-
- P | i
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Participation & Interaction




Ground Rules

- Participate
- Don’t Dominate

» “Boss-Free Zone”

- Everyone advocates

— but the team decides
. Cell phones off
-« No email or side conversations

« Have Fun



Questions?

Institute of the
02 December 2009 — Climate Change Adaptation Workshop — Gunnison, CO [ ! & Environment
RIZONA




Climate Change Adaptation Framework

Planning phase

Select conservation feature
& -

Implementation phase

Specify management objective

\ 4

Build conceptual

model Revisit
objectives or
selection of
v feature?
_| Assess impacts of plausible
'// future climate scenarios
ldentify
information needs
A /' N v
N : :
\ S~ Identify potential
\ strategic actions
\
\
\
\
\\ \ 4
~~__| Evaluate feasibility &

Monitor &

evaluate action

effectiveness

A

Adjust
actions?

Implement
action plan

A

prioritize actions

= steps we will walk through during workshop

A 4

Develop action
plan
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