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USGS Climate Adaptation Science
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Delivering science to help fish, wildlife, ecosystems,
and cultural resources adapt to a changing climate

Actionable Science focused on impacts & adaptation
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How do we use climate models to assess risk?




Assateague Island National Key Deer
Seashore (pO st-Sa ndy) (Odocoileus virginianus clavium)
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Credit: NPS

Climate Change As a Risk Management Problem
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Scenario Planning

Prediction

- e -

Projection
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Credit: NPS Climate Change Response Program
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Climate Scenarios
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Climate models are used to project how the
climate could respond to perturbations of the
~uses System as defined for different scenarios .
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Severe T'Storms Possible (hatched)

—-J34

Heavy Snow Possible (hatched)

Important distinction from weather models where the goal
Is to predict the actual observed weather (i.e. the exact

condition of the atmosphere) in the future
a USGS ’
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Mean Temperature Change
relative to 1986-2005

Model: MPI-ESM LR

© DKRZ / MPI-M

——— Climate models are not trying to do this.
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CMIPS models, RCP scenarios
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Instead, we construct experiments to simulate how the

climate would respond to some change in the system
a USGS
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RCP85: 2016-2035

RCP85: 2016-2035
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RCP85: 2081-2100

RCPE5: 2081-2100
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=USGS Creates an ensemble
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Global surface warming (°C)

CMIP5 models, RCP scenarios

Historical (42) I~
RCP2.6(26) B
RCP 4.5(32)
RCP&.O (1)
RCP 8.5 (30)

1900

1950 2000 2050 2100

Year

each emissions scenario

12



A Minimum Temperature Dec

g T o R Aoy vl
‘.\ . -~

-Feb 2040-2069 vs. 1950-2005, RCP8.5: Units=°C

i PRI 5 o L% PREER 4 5

|

CanESmz

B
b -
.t %

G -
e, & :
i

:

MRI-CGCM3
b

365

O\ o
) o
e o
J_l‘

R - e
o = 7ol =
- \g‘(\ S A bee-csm1-1 \’E“Vﬁ z MIROC-ESM 3 ‘»E.‘-{\ F " MIROC-ESM-£HEM | ‘»E.;\ 5 i \.Y.‘}\ 2
U : N : NS E 0 RN - N
N N e M - N M N
- e R 2 e L
&l - 0 2
s
L
. I g
1 \t‘ . ) A ccsma i \t{‘ : : 1PSL-CMSA-Lf : ‘».t." . IPSL-CMSA-MR ‘»‘:.* 2 . 1PSL-CMSB-| . \‘r.* 2 . NorESM1-M
o - ) O a 0 a . 0 R s \ o \ LN
N ! = e { o N { o N { = N { VR

2m

Ensemble of models permits much better characterization of
uncertainty about future change since models performing same
experiment can be analyzed together.
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What do Global Climate Models do well?

(a) Multi Model Mean Surface Temperature (a) Mulii Model Mean Precipitation

IPCC AR5

(mm day™)
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* Global, continental general patterns (Mean Temperature, Temperature
Trends, Broad atmospheric circulation)

« Representation of most large-scale climate drivers within the climate
system. (GCM natural variability varies regionally
ZUSGS ( )
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What processes are still the most challenging to model?
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CLOUDS
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* Regional climate (topography, land cover, island climates,
complex coastlines
* Representing extreme events (i.e. storm frequency and intensity
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Can we ‘downscale’ the right predictor variables to
relevant spatial scales with accuracy in the right places?

IPCC Climate Model output )

-@' Downscaled GCM output
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How to use climate model projections

» Establish the connection between climate and impacts

— projections are more useful when link between climate and your
system is well-understood

« Consider direct and indirect impacts

* Use a collection (ensemble) of projections
— Often, downscaled climate model projections
— Choosing the right ones is tricky, based on system of study

"
science for a changing world



Projected Change in the Average Number of Days Per Year with Minimum Temperatures < 32°F
Time Period: 2060 to 2079 (compared with 1950 to 2005) Future Emissions: Current Levels (High)

48 10 8 -16 24 32 -4 -48 56 -64 -72 80 -88 -96 days

Location: @ In King and Queen County, VA (37.93°N 77.09°W)
To select a location, click on the map or enter your coordinates: 3793 °N, 77.09 ‘W
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mmm  Historical average

Spread of likely outcomes
. under reduced/moderate

emissions (2)

Spread of likely outcomes
. under current/high . . L.

emissions (2) Change in Average Number of Days Per Year with Minimum Temperatures < 32°F

Change in Average Days Per Year
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Location: © In King and Queen County, VA (37.93°N 77.09°W)

3.9 fewer days 3.3 fewerdays

. " g 12.6 fewer days

29.9 fewer days 34 7'fewer days.

Historical (1986-2005) 2020-2039 2040-2059 2060-2079 © 2080-2099
ONMAP
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Projected Change in Average Summer (June - August) Precipitation
Time Period: 2060 to 2079 (compared with 1950 to 2005)  Future Emissions: Current Levels (High)
S
-4 -3 -2 -1 +0 +1 +2 +3 +4 inches
Location: @ In Franklin County, NY (44.85°N 74.32°W)

To select a location, click on the map or enter your coordinales:l 4485 |'N,| 74.32 ]'w [E

CLIMATE VOYAGER




=== Historical average

Spread of likely outcomes
. under reduced/moderate
smigsions ) Change in Average Summer (June - August) Precipitation
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A Few Take Aways: @

* Climate models represent our current best understanding
of how rising greenhouse gases affect the climate

e Can be useful to assess risk

— Each model outcome is plausible based on our scientific understanding of
the climate system

— Each emissions scenario represents a unique set of assumptions about the
future

* A range of models should be analyzed to better
characterize uncertainty and risks

ZUSGS
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A Few Take Aways:

e Climate models are MORE
useful for characterizing risk

when the climate sensitivity is — .

well-understood

* Downscaled projections are
likely to be more useful but
choosing the right data can be
tricky

Established Climate Influence




Remember: There is no single best climate model....
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A Minimum Temperature Dec-Feb 2040-2069 vs. 1950-2005, RCP8.5: Units="C
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Remember: Projections look at changes over climate time scales
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(USGS) Best Practices for Climate

N
1 1 T | Smrmperenanay(rron | SRR
Pro jections & Impacts Analyses - P— B
* Use a wide range of scenarios ZUSGS RS
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* Use multiple models fy e ]

o Tarrca
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* Consider climate-relevant timescales,

T T T T T
1900 1950 200, 20p0 2100

including 100+ years if:
o Delayed impacts may arise from historic
emissions (e.g., SLR) e—
o There is the potential for irreversible impacts
(e.g., species extinction) Rep2.s RePes
C.h.an_ge in average surface temperature (1986-2005 to 2081-2100)

o Crossing thresholds that cause major impacts
(e.g., over-wintering)

* Articulate the uncertainties and how they .. .
are expected to evolve e ——

aUSGS .
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