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MIT Everglades Project Overview
•Research initiative developed by MIT and 
sponsored by FWS and USGS.

• In response to climate change challenges, 
simulates a range of possible futures, including 
variations in climate change, population growth 
and planning assumptions

• Identifies potential impacts of these scenarios 
on “trust resources” (species, habitats, refuges 
and landscapes). 
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Overview

What’s the general challenge of climate change 
planning?

What is the specific situation in Florida?

What has the MIT Alternative Futures Project done? 

What are broader implications of such methods?
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The Downscaling Challenge

Adapted from:           http://www.epa.gov/climatechange/science/images/ipcc_scenario_prediction.gif

Need to 
Downscale IPCC 
Scenarios and 
Global 
Circulation Model 
to Regional 
Climate Models

This process in 
itself introduces 
significant 
uncertainty

But…we must 
proceed with 
best available 
estimates
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Climate Change is a “Wicked” Problem

– Missing broad social consensus
• but science, professional due diligence and legislation require addressing 

the issue

– Levels of uncertainty make conventional planning or risk assessment 
techniques problematic

• For example, IPCC scenarios have no probabilities assigned

– Involves a deeply coupled human-natural system.
• Assumptions about human behavior are significant in systems operation, 

and affected by natural events
• Physical designs and policies can effect outcomes

– Potentially effects many systems in parallel
• Humans – not just species - will move in response to climate change
• Water demand, recreation, transportation, energy, all will adapt 

simultaneously
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Characteristics of Desirable Solutions
• Technical/Scientific

– Generating solid 
information at 
relevant scales

– Integrating across 
science 
project/disciplines

– Managing 
propagation of 
uncertainty 

• Planning 
Process/Institutional 
Aspects
– Accounting for 

dynamic spatial 
processes with 
significant 
uncertainties

– Integrating fast-
changing science

Source: Steinitz (1994)
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Drivers of Change 
Transcend Management Geographies

1. Current institutions were not 
designed to deal with rapid 
population or ecological 
change

2. Land / water / transportation / 
conservation currently 
managed by hundreds of 
organizations across So. 
Florida

3. Multiple Agencies, 
jurisdictions are not going 
away

4. We must develop effective 
ways of planning despite
these barriers

Area: 19.3 Million Acres

Protected: 23 Nat Refuges

People: 15.3 Million Inhabitants

Area: 19.3 Million Acres

Protected: 23 Nat Refuges

People: 15.3 Million Inhabitants
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Drivers of Change
1. Population Change

1. Effects of population change on urbanization

2. Planning Assumptions and Regulations (Land Use and Water) 

1. Urbanization as a cause of landscape fragmentation 
2. Unintended consequences of resource consumption

3. Climate Change
1. Sea Level Rise
2. Temperature Changes 
3. Precipitation Changes

4. Conservation Strategies
1. Expert stakeholder driven
2. Landscape scale approach (establishment of patterns and processes)
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Climate Change Factors:

Temperature
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Range of Species XLittle shift in isotherms; minimal effects on temperature-dependent species

Constant CO2 - 2010 Constant CO2 - 2060

Annual Mean Temperature
Federal Reserve 2010 Average 2060 Const. CO2

Dry Tortugas National Park 25.1*C (77.3*F) 25.0*C (77.1*F)
Canaveral National Seashore 22.2*C (72.0*F) 22.0*C (71.6*F)
Florida Panther National Wildlife Refuge 23.5*C (74.2*F) 23.3*C (74.0*F)
Great White Heron National Wildlife Refuge 25.6*C (78.0*F) 25.4*C (77.8*F)
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Range of Species XTemperature-regulated species may shift out of existing reserves

Annual Mean Temperature
Federal Reserve 2010 Average 2060 – B1

Dry Tortugas National Park 25.1*C (77.3*F) 25.7*C (78.3*F)

Canaveral National Seashore 22.2*C (72.0*F) 22.9*C (73.3*F)

Florida Panther National Wildlife Refuge 23.5*C (74.2*F) 24.0*C (75.2*F)

Great White Heron National Wildlife Refuge 25.6*C (78.0*F) 26.1*C (78.9*F)

Low Biophysical Impact/ Low Biophysical Impact/
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Range of Species XSpecies could migrate out of the Study Region

Annual Mean Temperature
Federal Reserve 2010 Average 2060 – A1B

Dry Tortugas National Park 25.1*C (77.3*F) 26.4*C (79.4*F)

Canaveral National Seashore 22.2*C (72.0*F) 23.6*C (74.5*F)

Florida Panther National Wildlife Refuge 23.5*C (74.2*F) 24.7*C (76.5*F)

Great White Heron National Wildlife Refuge 25.6*C (78.0*F) 26.7*C (80.1*F)

Medium Biophysical Impact/ Medium Biophysical Impact/
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Range of Species XSpecies could migrate out of the State of Florida

Annual Mean Temperature
Federal Reserve 2010 Average 2060 – A2

Dry Tortugas National Park 25.1*C (77.3*F) 26.4*C (79.6*F)

Canaveral National Seashore 22.2*C (72.0*F) 23.7*C (74.6*F)

Florida Panther National Wildlife Refuge 23.5*C (74.2*F) 24.8*C (76.6*F)

Great White Heron National Wildlife Refuge 25.6*C (78.0*F) 26.7*C (80.2*F)

High Biophysical Impact/ High Biophysical Impact/
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Climate Change Factors:

Precipitation



Draft only. Please do not circulate. Please contact  jcvargas@mit.edu for final reference and additional materialsDraft only. Please do not circulate. Please contact  jcvargas@mit.edu for final reference and additional materials.

Anticipated Rainfall Variability

~ 50mm Spring decrease

Shift in Fall intensity

Arthur R. Marshall Loxahatchee National Wildlife Refuge – Precipitation Patterns
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Anticipated Rainfall Variability
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Climate Change Factors:

Sea‐level rise
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Crocodile Lake Everglades N.P. Ding Darling Key Deer Refuge

Sea level rise threatens critical
South Florida coastal refuges.

How will 1 meter SLR affect key refuges?

How much land will be lost with varying degrees of SLR?

What other damage can we expect?

(Not a crocodile)

How will 1 meter SLR affect key refuges?
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Sea Level Rise

Federal Reserve 3.6” 18.4” 39.1” 113”
Caloosahatchee National Wildlife Refuge 40% 73% 100% 100%

Island Bay National Wildlife Refuge 2.5% 88% 93% 100%

Pine Island National Wildlife Refuge 5.5% 77% 82% 87%

Ten Thousand Islands NWR 8.1% 77% 96% 100%

Hobe Sound National Wildlife Refuge 6.5% 46% 70% 83%

80%80%95%95%
75%75%90%90%

Crocodile Lake Everglades N.P. Ding Darling Key Deer Refuge
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Approach
1.Stakeholder-based participatory planning

1. Get people responsible for making decisions involved up front and 
throughout

2.Scenario-based simulation modeling
1. Make uncertainties explicit and tangible
2. Package multiple variables to avoid combinatorial explosion 

3. Evaluate Conservation Consequences
1. Model and evaluate different conservation strategies in scale and 

with realistic budgets
2. Look for “resilient” strategies (plans which work across a range of 

conditions)
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What Are the Essential Components of 
“Alternative Futures” Planning?

1. Stakeholder 
Process

2. Scenarios

3. Change Models

4. Impact Models
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Stakeholder‐Based Processes
1. Want a broad-based, 

representative group of 
those tasked with 
implementation + those 
with substantive 
knowledge to contribute

2. Provide expert review and 
help ensure management 
relevance 

3. This requires significant 
“contact hours” and long 
term commitment
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Source: Steinitz (1990, 1993)
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What Do We Mean By “Scenarios”?

1.Bundles of consistent assumptions, 
facts, projections and possible policies

2.Vary along multiple dimensions, not just 
one (i.e. climate + population)

3.Require expertise and judgment to 
construct usefully
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MIT Scenario Dimensions

26

Biophysical Socio-economic

SCENARIOS: 
Internally-consistent bundles of biophysical variables and 
socioeconomic and regulatory planning assumptions.
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Scenario Representation
Which aspects of change are considered in each scenario?

• Climate Change

• Population Projections

• Financial Resources

• Planning Assumptions

• Climate Change

• Population Projections

• Financial Resources

• Planning Assumptions
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Scenario Prioritization
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Requirements for Spatial Change 
Simulation Models

1. Must cover uniform extent, spatial and temporal 
resolution

2. Consistent with historic change (and sometimes 
calibrated using it)

3. But must be sensitive to scenario parameters, 
often including ahistoric policies or events
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“AttCon” Simulation Process

ATTRACTIVENESSDEMAND

ALTERNATIVE FUTURES (2020 -2040 -2060)

•Residential 
•Conservation
•Agriculture

•Residential 
•Conservation
•Agriculture
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“Top 5” Scenario Organization
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Scenario C Scenario B

High Sea Level Rise – Low Financial Resources
Business as Usual – Double Population

Low Sea Level Rise – High Financial Resources
Proactive – Trend Population

Current 
Residential

Year: 2010

Future 
Residential

Year: 2020

Future 
Residential

Year: 2040

Future 
Residential

Year: 2060

Current 
Conservation

Year: 2010

Future
Conservation

Year: 2020

Future
Conservation

Year: 2040

Future
Conservation

Year: 2060

Future
Land Use

Year: 2060

Only Area
Allocated

Year: 2060

Allocated Land Uses
Residential

Conservation

Agriculture
!( Transit Oriented Dev.

Sea Level Rise

Current Land Uses
Urban

Conservation

Agriculture

Other

Interstate Highways

Major Rivers

Major Lakes

Draft only. Please do 
not circulate. Please 
contact 
jcvargas@mit.edu for 
final reference and 
additional materials
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SCENARIO A               SCENARIO B                SCENARIO C              SCENARIO E               SCENARIO I
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C u r r e n t  l a n d u s e 2 0 1 0
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S c e n a r i o  A
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S c e n a r i o  B

Low

High
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S c e n a r i o  C
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S c e n a r i o  E
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S c e n a r i o  I

Double
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SCENARIO A               SCENARIO B                SCENARIO C              SCENARIO E               SCENARIO I
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Spatial Impact Models
Considerations

1. Should quantify changes 
to valued resources

2. Should be science-based

3. But must be sensitive to 
scenario parameters, often 
including a-historic 
policies or events

Preliminary Examples

• Species Habitat
Black Bear
Panther
Caracara
Scrub Jay

• Florida Greenways Project 
Network

• FNAI Endangered Natural 
Communities
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High Sea Level Rise – Low Financial Resources

Business as Usual – Double Population
Low Sea Level Rise – High Financial Resources

Proactive – Trend Population

Development Conflict With Suitable Black Bear Habitat

Total Habitat 
Acreage in 
Thousands:

3,000

C B

Conflict Area:

13%

0

500

1,000

1,500

2,000

2,500

0.9%

Scenario C Scenario B
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MITse : MIT Scenario Explorer
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Conclusions
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Why Apply “Alternative Futures” 
Planning to LCCs?

1. Significant long-term uncertainty about 
1. Climate Change (sea level, temperature & precip)
2. Human population decline / growth
3. Plans and Policies (land management, water management, resource 

management)

2. Interested Stakeholders with Fragmented Decision Authority
1. Fish and Wildlife Service (multiple refuges + 67 T&E species)
2. Counties (primary responsibility for land use planning)
3. State (FWC, also water districts)
4. Other Federal Agencies (National Park Service, Army Corps, etc).

3. A Practical Method to Integrate Science with Decision-making
1. Makes use of extensive existing science capacity
2. Successfully applied in many other regions to “wicked” problems
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What is different about our approach?
Not just ‘conceptual’ scenarios

1. Spatially-simulated
2. Spatially and temporally “to scale”

Scenario parameters based on research / selected by managers
1. Conservation estimates based on real budgets and land 

costs
2. Climate change consistent with IPCC downscaled models
3. Land/water policies consistent with county plans and 

proposals

Urban growth modeling integrated with climate change planning.
1. Most conservation planning approaches oversimplify 

urban dynamics
Participatory simulation 

1. Diverse stakeholders engaged in modeling
2. Iteratively developed
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Transportability of Process

1. Basic method has been applied in multiple 
locations.

2. Customization based on local issues and 
institutions possible.

3.  Overall framework supports the integration of  
science and decision-making.
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Title:  

Building climate adaptive 
conservation networks using alternative 

futures

Date
February, 17, 2011

1:30pm (EST)

Next webinar
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Thank you! 

http://web.mit.edu/dusp/epp/music/everglades

Contact us at:
jcvargas@mit.edu
mflaxman@mit.edu

Unpublished work. Please do not cite or distribute outside of DOI.
For reference please contact us.


