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In the context of climate change planning…

adaptation generally refers to human activities adaptation generally refers to human activities 
intended to minimize the adverse effects of 
climate change on human infrastructure and climate change on human infrastructure and 
sensitive aspects of the natural environment.

ADAPTATION STRATEGIES DEFINED
MAWDSLEY ET AL. 2009, CONBIO



Interest and Motivation

Shifting ranges
• Animal/Plant distribution & abundance

Vital ratesVital rates
• Persistence?

EFFECTS ON WILDLIFE AND HABITATS
LAWLER, J. 2009, ANNALS NY ACAD. SCI.



Insularity presents unique challenges

For many tropical, insular 
species “positive niche”species, positive niche  

tracking may be an 
extremely limited or 
impossible option.

Two competing processes:

impossible option. 

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 orand experiences may not be appropriate in a changed or 
changing system—non-stationarity.



Stationarity?Stationarity?

μ = Population 
mean

σ = Population 
standard deviation

Uncertain about parameters that describe the 
process, but assume the process is stable
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DYNAMIC RATHER THAN STATIC CONTEXT



GLOBAL CLIMATE MODELS 
“Vi l Pl ”“Virtual Planets”

Simulate the climate system based on laws of 
th d i d h i l l th t

8

thermodynamics and physical laws that govern 
the motion of a fluid.





1‐3oC INCREASE BY 2080s

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



HurricanesHurricanes

M i d h hi h SST l f tMore wind shear + high SST = less frequent 
but stronger hurricanes Knutson et al., Nature GeoSci 2010



Current model consensus is for less 
precipitationprecipitation

AND ( ibl ) DRIER AS GLOBAL TEMPS…AND (possibly) DRIER AS GLOBAL TEMPS 
RISE



High Resolution RCM ‐> Cloud base 
h h lhigher now, lowering precipitation.

El Yunque

Blue colors indicate a decline in precipitation

Comarazamy and Gonzalez (2011)



Why are high resolution projections needed?

Climate change is a global issue; but local information 
is needed to determine how it will affect human andis needed to determine how it will affect human and 
natural systems around the world.

l b l h li i f hi lik hGlobal temperature change: 2‐
6oC by 2100

Implications for Chicago: 1995‐like heat 
waves up to 3x/year by 2100

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



GCMs are still very coarseGCMs are still very coarse



100 KM



10 KM



Southeast Climate Science Center

“provide scientific information, tools and 
techniques that  techniques that … 

resource managers…can apply to anticipate, 
monitor and adapt to climate and monitor and adapt to climate and 

ecologically-driven responses at regional-to-
 ”local scales.”



Source: K. Hayhoe



Developing high-resolution, island-centric projections of 
ecologically relevant climate variables for Puerto Rico andecologically 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).



Bosque Modelo, Alexis Dragoni



2 KM2 KM



What are relevant climate covariates?What are relevant climate covariates?

Species’ Species’ RangeRangeEcological Ecological 
(landscape)(landscape)

Life History TraitsLife History Traits

(landscape)(landscape)
basis for basis for 
sensitivitysensitivity yy

Climate CovariatesClimate CovariatesClimate CovariatesClimate Covariates

Biological Biological ProcessesProcesses

����
Habitat Habitat DynamicsDynamics

Graphic: R. Joglar



. 

“Confined” to unique weather conditions

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

(respiratory, ectoparasites, thermoregulatory problems)
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From a practical point of view, a focus on the 
science of climate change divorced of the science of climate change divorced of the 
decision context is only an exercise in academic 
curiosity...curiosity...

h  i  d d i   d di  f ...what is needed is an understanding of 
how climate change will affect our decisions.

ADAPTATION STRATEGIES AND DECISION MAKING
(CONROY ET AL. 2011, BIOLCONS)



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

Elicit expert knowledge to select relevant 
climate variables ‐ to inform decisions on 
strategic habitat conservation forstrategic habitat conservation for 
amphibians and other taxa…



Decisions and Sources UncertaintyClimate ChangeDecisions and Sources Uncertainty

Observed External drivers

Climate Change

Observed 
state

External drivers

Environmental Variation Partial 

Model(s) of 
S  System state System state 

Environmental Variation
System Uncertainty
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System 
Dynamics
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Actions
Current 

t

Partial Controllability

return

Graphic: F. Johnson



Implications of sequential decisionsImplications of sequential decisions

A i * Action* 

Find 
these…

…that makes this 
sum of values as 
large as possible

      Action* 
(1)

Action* 
(2)

Action* (T-1)

State 

…      

State (1)

Return (1)

State (2)

R t  (2)

State (T-1)

R  (T1)

State 
(T)

Return +
+    …    +  

• Account not only for immediate return

Return (1) Return (2) Return (T-1) (T)+ +

y
• But all future returns according to where the 

system is driven and all decisions that followy

Graphic: F. Johnson



Probabilistic Probabilistic 
Climate ChangeClimate Change

Integrated Integrated 
Coastal Coastal 

Assessment Assessment 

Downscaled Downscaled 
GCMGCMss

ssess e tssess e t

CurrentCurrent

Biological Biological ModelsModels
Data and expertData and expert drivendriven

Integrated Integrated 
Terrestrial Terrestrial 

AssessmentAssessment
Watershed Watershed 

Current Current 
ClimateClimate

Data and expertData and expert--driven driven 
SpeciesSpecies--Habitat ModelsHabitat Models

AssessmentAssessment
••Urban GrowthUrban Growth
••Vegetation DynamicsVegetation Dynamics

ModelingModeling

Dynamic DecisionDynamic Decision
FrameworkFramework

ConservationConservation
( d t ti )( d t ti )(adaptation) (adaptation) 
StrategiesStrategies



Developing high-resolution, island-centric 
projections of ecologically relevant climateprojections of ecologically relevant climate 

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

PREGUNTAS?


