Asessing threats to wildlife from
global warming:
e polar bear test case
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Acting on a petition from the Center for Biological Diversity, FWS
proposed listing the polar bear as a threatened species under
ESA in January 2007. If the polar bear is listed (by Jan. 9, 2008),

it will be

" Ejrst species officially threatened by global
warming.

= First ESAlIStingmiermed by  climate mode!
Simulations.



To address this question, | will outline some results of research

that USGS did in support of the polar bear listing decision. Key
points are

" How: Uncertainty was Incerpoerated.

= How model simulations and observations; were
cCombInead.

= HOW eEXpEert jUdgemeEnt and synthesis were
crgumohs'r ed.



ISSues addressed in the reports:

. Climate assessments:
How: are real-world climate and sea ice changing?
What do climate models project for the future ofi sea ice?

IHow good are climate models, and what are thelr sources
Of Uncertaimty?

" B B B

2. Impact assessments:

= What is optimal polari bear hanitat, NOW IS It changing| Now,
and hew wouldi it change under climate nmodel projections?

- Resource Selection Functions
- Caryingl capacity: models

m- How deesi seal lice decline affect populaien; grewi?
- Markoeyv: moedeling hased onfieldwerk im SBS
- Additienaltfieldwoerk m Hudsen; Bay,

3, EXpErt judaement/synithesis: Bayesian Newvoerk Vedel
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Why polar bears are at risk from sea ice decline

Long lived —up to 30 yrs
Low reproductive rates

Forage almost exclusively from
seaice on seals

i—




Polar bear populations projected to decline
range-wide
"Mid-century:
"Probable extirpation in Divergent and
Seasonal ice Ecoregions.

BThese represent ~2/3 of the current range-
wide population

" ate century:

"Probable extirpation in Polar Basin
Convergent Ecoregion.

"Probable remnant populations in
Archipelagic Ecoregion



1. Climate Assessment: the world Is warming:
IPCC Fourth Assessment Report (AR4)

= “Warming of the climate system is unequivocal.”
= Warming of the last 50 years is “very likely” (at least
90% probability) due to human activity.
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Current lce Extent Current Ice Extent
09/03/2007 09/21/2005

MNational Snow ard los Data Caenern, Bowldar, CO

National Snow and Ice Data Center, Boulder, CO

Total extent = 4.4 million Total extent = 5.3 million sq km




Climate model assessment: sea ice simulations from climate
models compared to decreasing trend found in observations

Arctic
September Sea Ice Ext Observations and Model Runs

The models are
underestimating the
dramatic downward trend
In September sea ice
extent (Stroeve et al.
2007).
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1979 - 2006 September trend: -5.4% for models, -9.1% for observations
(percent per decade)

This year’s record low is consistent with the finding of underestimation.



Climate Models and their Uncertainties

Climate models are built from atmosphere, ocean, land, and sea ice
component models, in which laws of physics are encoded on global
computational grids.

Important small-scale processes like cloud formation and




Uncertainty due to unpredictable natural
variability

Arctic climate has a high degree of multi-decadal
variabllity, particularly in the form of the Arctic
Oscillation and warm Atlantic Water (AW)
Incursions.

Natural variability accounts for some of the recent
sea ice decline and may lead to periods of rapid
sea ice loss in the future.



Sea Ice Simulations from Climate Models: Mean and
Seasonal Cycle of ice cover in 20t Century climate
simulations (20C3M)

Zhang and Walsh (2006):

e Annual-mean area is within
20% of observations for 11 of
15 models.

e Seasonal cycle generally
captured

« Ensemble-mean area agrees
well with observations.

GISS-AOM
GISS-ER
¥-%-% INM-CM3.0
¥=¥-¥ IPSL-CM4
¥—¥—¥ MIROC3.2 (hires)
¥—¥—¥ MIROC3.2 (medres)

0409 G5y MRI-CGCM2.3.2
A4 CCSM3
b—+—4 PCM
bbb JKMO-HadCM3
b—b—4 UKMO-HadGEM1  mmemem QObservation (HadISST)




Selection Criterion for Sea Ice Models Used In
Polar Bear Analyses

We need an ensemble of models to represent the range of possible
habitat outcomes.

We seek a balance between using only the best simulations and
having the largest ensemble size to consider the range of outcomes.




Selection of Sea Ice Models for Polar Bear Analyses

X-axis is 20" century
extent, y-axis is A1B
mid-21st century.

Models within the
dashed lines are
retained.

Distance below
green line
represents ice loss.
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4 models lose over
80% of their
September ice, all
lose at least 30%.
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2. Impact Asessments, Including:

= Durner et al. 2007: Relate sea ice
16 polarr Bear haniiat:
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Resource Selection Functions (RSF)

" A statistical model that estimates the probability of habitat
use (Manly et al. 2002)

® RSFs are built with animal location data and
measurements of habitat variables

" RSFs compare the habitat used to the habitat available

(i.e., selection) Bear 20224
® riseros
[Javailable area
15% threshold
E5375% treahol
, g
" 1 of >12,000 pairs of

polar bear locations:

< USGS




Data sources:
Building the RSF

= Satellite radio-collars deployed
on female polar bears

| ® Passive microwave sea ice
concentration (NSIDC, Boulder)

" Ocean depth and distance to
land

Arctic Ocean bathymetry

Ocean depth (m)
Val

=~ USGS i




Final RSF model structure — Four seasonal RSFs
Response to covariates

Medium to high
Ice concentration
Shallow waters
Near the 15%

ice threshold
near land (winter)

Relative probability of selection
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RSF models extrapolated to satellite-observed
Sea lce data

SUMMER WINTER
1985-1995 1985-1995

i

U Aug 27,2007
b USGS S SATELLITE
d i Observed



Projected changes in optimal habitat:
Pronounced Seasonal Variability:

Full Polar Basin Divergent Ice Ecoregion Convergent Ice Ecoregion
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Hunter et al. report: Capture-recapture
study, Southern Beaufort Sea 2001-2006




Deterministic population growth rate

Year population growth per #ice-free
growth rate year days

2001 1.06 + 5.8% 90

Lo “bad”

~ years

134




Climate model projections




Climate model population projections
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3. Synthesis and Incorporation of expert judgement:

Bayesian Network Model for polar bear populations stressors
(Amstrup et al. 2007)

T: Parasites & Disease T2: Predation Allows Sensitivity tESting,
influential  50.0 influential  50.0

not 50.0 e not 50.0 “what if” scenarios, and
e a transparency.
A4: Factor C. Disease, predati...

same as now 50.0
worse 50.0

BNM incorporates expert

_ = ’ 25 A4 Table (in net outcome_model_070821a) e = ] -I
judgement by defining key e B8 y
aCtors anda caiculating

o e Chance | %Prnhahilit! Reset CIDSE
conditional probabilities
based on multiple choices of Tarash rredat Sthad

. influential influential ) 100.00
multiple factors. Inputs can influential not

. . not influential

be quantitative data or not not

expert judgements. Kl

Conditional probabillity table



The full Bayesian network:
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Bayesian Network Population Stressor Model

One Set of Population Outcomes for Seasonal Ice Ecoregion

Year Same Smaller Rare

S, HudsenBay: declinimg keey cenaition; IewWer suivival i reCent years,
paternrsinarterthamnVestermiE biesen Bay oityearsiager GEVs
PIOJECH 2 2 moentncleasenice-iiieercenadiiens, vears, already iasiimg
fior L0'menths



What accounts for the uncertainty In
overall outcomes?

Cumulative sensitivity (entropy reduction)

B:Foraging habitat quantity change
C:Foraging habitat absence change
M:Geographic area

E:Intentional takes

S1:Foraging habitat character
N:Shelf distance change
B1:Bear-human interactions
T:Parasites and disease
R4:Hydrocarbons and oil spills
R1:0il and gas activity

J:Shipping

T2:Predation

T1:Contaminants

Sea ice related factors account for 84% of the outcome variance.



Conclusions

All climate impact assessment efforts will have to

" Content with large uncertainties.

" Find creative ways to combine model output with real-
world data.

" |ncorporate expert judgement and synthesis into the
process.

Communication is an essential ingredient:

climate models probably won’t give you the information
you want, expect to iterate back and forth between what
you need and what models offer before identifying the
most useful variables.



Impact Assessment Framewaork:

“Space”:
' Projected distribution
Ph.)/SICal of relevant climatic Im paCt
Climate variables (Ecosystem)

Climate

Impact
Climate Contribution: Space Impact Contribution:
Determine probability Determine thresholds, or
distribution of climatic sensitivities of specific
variables that are relevant Impacts, in terms of climatic
to the specific impact variables that can be
predicted




Other closing thoughts

" Other stakeholders may not be so up-front about their
uncertainties.

" Decisions can’t wait for perfect knowledge.







Differences between 1990 USDA hardiness
zones and 2006 arborday.org hardiness
zones reflect warmer climate

Zone Change
| 2
+1

| no change

=i}
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1990 Map 2006 Map

After USDA Plant Hardiness Zone Map, USDA Miscellaneous National Arbor Day Foundation Plant Hardiness Zone Map
Publication No, 1475, Issued Januay 1990 published i 2006,
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Northern WI Gridcell
Southern WI Gridcell
Future Analogs for Southern WI

Future Analogs for Northern WI

LSS



WI precipitation change (mm/day)

correlation
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P vs. Temp. change (July)
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WI Temperature change (C)
correlation between P & Temp. change




WI WAUSAU MUNICIPAL AP
]

’ JUL AUG SEF OCT NOV DEC JAN FEB MAR APR MAY JUN — WI GREEN BAY AUSTIN STR

WI EAU CLAIRE COUN

Rons
APR MAY JUN

o c
JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN

WI MADISON DANE CNTY AP

PR MAY JUN




Projected change in Precipitation (IPCC models)

fraction of models with increasing P (June—Aug.)

130W 125w 120W 115w 110w 105w 100w 95w 90w B5W  B0OW 75w 7OW  65W  E6OW

0 01 02 03 04 05 06 07 08 09 1

fraction of models with increasing P (Dec.—Feb)
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ATemp & AEvap ensemble—mean
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U: pattern 1 (var = 26.2%) Prec: pattern 1 (var = 20.3%)
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