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In the context of climate change planning...

adaptation generally refers to human activities
intended to minimize the adverse effects of

climate change on human infrastructure and

sensitive aspects of the natural environment.




Interest and Motivation

» Shifting ranges

* Animal/Plant distribution & abundance

> Vital rates

* Persistence?

EFFECTS ON WILDLIFE AND HABITATS

LAWLER, J. 2009, ANNALS NY ACAD. SCl.




Insularity presents unique challenges

For many tropical, insular et :«h,. SR, e
species, “positive niche” 4 - - e T
tracking may be an e e g A A o~
e_xtreme!y Ilmlte_ed or L L SR
Impossible option. TS e TEr . .

Two competing processes:
a) In-situ adaptation (long-lived species disadvantaged)
b) Extinction

Acknowledge that projections based on historical information
and experiences may not be appropriate in a changed or
changing system—non-stationarity.
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GLOBAL CLIMATE MODELS
“Virtual Planets”

LFDL CHM 24
[F. gd Maeded

Simulate the climate system based on laws of
thermodynamics and physical laws that govern
the motion of a fluid.



CARIBBEAN

“ CLIMATE CHANGE PROJECTIONS

Map data Sources: Ezri, Delorme, NAVTEQ, TomTom, Intermap, iPC, USG5, FAQ, NP5, NRCAN, GeoBase,
1GN, Kadaster NL, Ordnance Survey, Ezri Japan, MET!, Ezri China (Hong Kong), and the GIS User
Community

Data Source: Historical Global S0km: Climatic Research Unit and the Tyndall Centre. Mitchell et. al.
hitp:/icru.cei.cgiar.or Fimitcheliones.pdf




Map dats Sources: Ezri, Delorme, NAVTEQ, TomTom, intermap, iPC, USGESE, FAD, NPS, NRCAN, GeoBase,

1M, Kadzster NL, Ordnance Survey, Ezri Japan, METI, Ezri China (Hong Kong), and the GI5 User 'n'ENﬂmrE

Community Conservancy W&

[ata Source: Historical Global S0km: Clirrmtic Research Unit and the Tyndall Centre. Mitchell et. al. Prcinc g o, Prisolervieg e
hitp.ificru.csi.cgiar.or F/mitchelipnes.

CARIBBEAN CLIMATE WARMER AND
(possibly) DRIER AS GLOBAL TEMPS RISE



Hurricanes
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More wind shear + high SST = less frequent

but stronger hurricanes

Knutson et al., Nature GeoSci 2010



Map dala Sources: Ezri, Delorme, NAVTEG, TomTom, intermap, iPC, USGES, FAQ, NPS, NRCAN, GeoBase,

IGN, Kadaster NL, Ordnance Survey, Ezri Japan, METI, Ezri China (Hong Kong), and the GIS User
Community

[vata Source: Historical Global S0km: Clirmtic Research Unit and the Tyndall Centre. Mitchell et. al.
httpedfcru. csi.cgiar.or F/mitcheliones.

..AND (possibly) DRIER AS GLOBAL TEMPS
RISE




High Resolution RCM -> Cloud base
higher now, lowering precipitation.

Comarazamy and Gonzalez (2011)



Why are high resolution projections needed?

Climate change is a global issue; but local information

Temperature change (°C)

is needed to determine how it will affect human and
natural systems around the world.

Global temperature change: 2- Implications for Chicago: 1995-like heat

6°C by 2100 waves up to 3x/year by 2100
-E . ) 1 M I_ i | . 90
_____ A1FI Zgveral madels
% —— 1B all SRES 0 I Historical observed
T rvElaps - i o
5 A2 v . A1FI higher emissions
— T Maodal enzembla @ 70 ..
—2 all SRES - 3 .| B1lower emissions
4_% —— [S522 {TAR methed) anvelope g O 60
\ --'J"TF‘ L
% _;‘f £ so
3 vl T
1 R a0
1 B
© 30 -
23 g
% g 20
14 z
b 10
] I
0= T T T T ¥ T ¥ °
2000 2020 2040 2060 2080 210 1970-99 2010-39 2040-69 2070-99
Year

Source: IPCC Third Assessment Report; Hayhoe et al. 2009. JGLR



Eiim s are still very coarse

Googleearth




Data LDEO-Columbia
Image Land

, NSF, NODAA
sat

Data SIO, NOAA, U.S, Na

y, NGA, GEBCO




Data 510, NOAA; U:S. Navy, NGA, GEBCO




Southeast Climate Science Center

“provide scientific information, tools and
techniques that ...
resource managers...can apply to anticipate,
monitor and adapt to climate and
ecologically-driven responses at regional-to-
local scales.”



Downscaling Climate Projections

Simulating sub-grid-scale climate based on output from global models

By developing a statistical
relationship between local
climate variables and global

model predictors

STATISTICAL
DOWNSCALING

From the individual
farmer’s field to grids as
fine as <1km?

Limited by the resolution
of digital topographical
maps & availability of
observational data

<

Downscaling to individual
point locations or high-
resolution grids for impact
analyses

(agriculture, ecosystems,
watersheds, urban air
pollution & health)

By explicit solving of process-
based physical dynamics of
the regional climate system

DYNAMIC
DOWNSCALING

From 50km?2 down to ~10km?

Grids must currently be larger
than ~2-5km? due to our
limited understanding &
parameterization of small-scale
physical processes and limits
on computing power

Source: K. Hayhoe



Developing high-resolution, island-centric projections of
ecologically relevant climate variables for Puerto Rico and
U.S. Virgin Islands.

1) Simulate precipitation response to the anthropogenic “forcings”
across Puerto Rico.

2) Characterize the uncertainty in the projections--‘business-as-
usual’ emission scenario (known as RCP8.5).

RSM 101x50 10km

NHM 250x100 Zkm
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What are relevant climate covariates?
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Precipitation (mm)
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“Confined” to unique weather conditions
(respiratory, ectoparasites, thermoregulatory problems)

T. H. White, Jr. et al. (in prep.)



Percent Days >14 mm/season

Elevation (m)
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From a practical point of view, a focus on the
science of climate change divorced of the
decision context is only an exercise in academic

curiosity...

...what is needed is an understanding of
how climate change will affect our decisions.




Applying downscaled climate projections to inform
decisions on strategic habitat conservation.

Elicit expert knowledge to select relevant
climate variables - to inform decisions on
strategic habitat conservation for
amphibians and other taxa...
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state

Ex®rnal drivers

Partial
Observability

Environmental Variation

System Uncertainty
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Dynamics
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Graphic: F. Johnson



Implications of sequential decisions

Find ...that makes this
these...\ sum of values as

large as possible
V
{ State (1) H State (2) J -------------- { State (T-1) H S(t_?_;e J
+ ... +
CEDRCED NN CDN G D

* Account not only for immediate return

* But all future returns according to where the
system is driven and all decisions that follow

Graphic: F. Johnson
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Developing high-resolution, island-centric
projections of ecologically relevant climate

variables for Puerto Rico and U.S. Virgin Islands.

PREGUNTAS?




