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Today’s talk 

• Overview of DOI SE Climate Science Center 
functions and mission 

• Key science activities 
• Issues to consider and discuss moving forward 

Presenter
Presentation Notes
In my talk I want to spend about half my time talking about the context for SERAP and cooperative conservation in an era of disruptive change.

I’ll then switch into overview mode and move quickly through a fairly large number of slides that will give you an overview of some of the main SERAP activities, with the understanding that you will be able to get a great deal more detail about these activities at this afternoon’s SERAP session.

I’ll close with a few thoughts about what I see as a very daunting scientific challenge in successfully undertaking conservation efforts in an era of disruptive change.



Importance of Landscape Scale 
Conservation and Adaptive Approach 

•  We’re facing challenges that are immense in scale  and cross 
political boundaries. 
 

•  Cross agency coordination is critical to assuring the most –
efficient use of limited resources to address issues that cross 
agency missions. 
 

•  Learning by doing or adaptive approaches  provides the best 
chance to addressing large issues effectively. 

Presenter
Presentation Notes
Global change processes, such as climate and land cover change, are altering the capacity of the Earth to sustain life.

These processes are creating large challenges for everyone with an interest in using and managing natural resources in the governmental, non-governmental, and private sectors.  

Among these challenges are understanding the vulnerability of key resources whose conditions is defined by processes operating in very complex systems and making informed management decisions under conditions of great uncertainty.

It should be noted that there is a great deal of activity in both the science and management arenas within all these sectors.

One observation and one assumption that are probably shared by many: (1) Not all of these activities are well coordinated.  (2) An adaptive approach, which empahsizes learning from successes and failures, is probably the most effective way of making management decisions under conditions of great complexity and uncertainty.

It is in this context that DOI Secretary Salazar issued SO 3289 in 2009 creating the Climate Science Centers and the Landscape Conservation Cooperatives.





DOI Southeast Climate Science Center 

Presenter
Presentation Notes
DOI SO 3289 created several institutional innovations intended to provide a meeting ground for creating, translating, and delivering scientific information that supports the protection of valued resources. 

There are at least two major objectives to be accomplished under SO 3289:

1.  Understand the effects of CC on fish, wildlife, and habitat on DOI and other lands (primarily a science task)
Provide science-based information to support landscape scale adaptive management.

The institutional innovations created to help accomplish these objectives are:

Climate Science Centers will focus largely on combining climate information and ecological understanding to produce forecasts of ecosystem response to global change processes. There are eight regional centers, including the SE center hosted by NC State, as well as the National Climate Change and Wildlife Science Center located in Reston.

Landscape Conservation Cooperatives will work at devising science-based conservation strategies, applying them in specific places, and evaluating their effectiveness through well designed monitoring programs. There are 22 LCCs, including parts of 7 LCCs that are coincident with the boundaries of the SE CSC.





Adaptation: needs met or 
changes in policy; new 

information needed 

Monitoring and 
data collection 

Science and model 
development 

Syntheses and 
assessments 

Development of 
analytic and decision-

making tools 

Planning, analysis, 
and decision-making 

Key tasks for the CSCs, LCCs (and others) 

Presenter
Presentation Notes
This is a conceptual framework that I’ve been using to describe the tasks associated with these objectives and the relations among these tasks.

Three things should be noted:

The CSCs are largely active in the area indicated by orange oval.
 The LCCs are largely active in the blue oval.
A lot of other government, non-governmental, and private sector actors are working in both of these ovals, creating the possibility for both waste and useful replication and leveraging.



Ecological response 
To global change 

processes 

 
Vulnerability assessment 

 

Global change  
processes: 

Climate and  
Land Use change 

Physical response 
to global change  

processes 

Connecting climate 
change and resource 
management 

 

 
Adaptive management strategies 

 

Presenter
Presentation Notes
This slide lays out a more specific set of activities associated with the tasks on the previous slide.
The primary SE CSC activities are in the orange ovals, while the primary LCC activities are in the blue ovals.  It should be noted, however, that the CSC does have some involvement in both the vulnerability assessment and adaptive management spheres, by undertaking several structured decisionmaking projects in the SE.
Global climate models provide the overarching perspective on climate changes, but are too coarse for management use. 
Downscaled information or output from regional climate models provides finer spatial and temporal resolution. 
Land use change, especially urbanization, has impacts on the capacity of the Earth to sustain life that far exceed the spatial extent of the actual changes.
Climate and land use changes interact with other biophysical factors to shape the physical landscape, such as the composition and configuration of the developed landscape and the flashiness of streamflow, and the contaminants in water and sediment. 
These physical changes can expose biota to stresses.  Understanding the exposure, sensitivity, and resilience of biota to such stressors enables scientists to assess vulnerability and design adaptive management strategies 
VA occurs at the intersection of natural and social science disciplines.  Without insight from social sciences about management objectives that the public cares about, the work of USGS scientists to link global change with ecological response runs the risk of coming up with scientifically sound answers to questions that people don’t care about.





Southeast CSC: Status 

• NCSU selected as host Sep 2010 
• Sonya Jones, acting SECSC Director 2010-2011 
• Jerry McMahon, SECSC Director July 2011 
• Draft Science Plan June 2011 
• Co-op Agreement funds 12 graduate students, partial 

support for 2 Post-docs, and infrastructure. No direct 
support for faculty research. 

• Supports new NCSU Master Degree (Climate Change & 
Society) 

• Website: theglobalchangeforum.org 
 

 

http://www.theglobalchangeforum.org/�


Southeast CSC: Research priorities 
• Characterizing key global change processes associated with 

coupled human-environmental systems that affect terrestrial 
and aquatic resources in the SE 

• Characterizing biophysical outcomes associated with these 
processes 

• Linking biophysical outcomes with response of key focal taxa 
• Supporting vulnerability assessment and adaptive management 

activities on behalf of societal goals/values 
• Key operating principles 

– Uncertainty Analysis – quantify and explain uncertainty associated with 
models and additive models 

– Serving data–web-based access to climate projections, biophysical data 
(hydrology, vegetation succession, occupancy model results, etc.) 

– Collaboration/transparency in planning and implementation of science 

 

Presenter
Presentation Notes
Characterizing key processes associated with coupled human-environmental systems
Downscaled climate information 
Urban land development projections
Characterizing biophysical outcomes associated with these processes
Vegetation and stream channel dynamics
Streamflow and stream temperature
Sea level rise
Linking biophysical outcomes with response models for key focal taxa
Fish, mussels, birds
Supporting vulnerability assessment and adaptive management to support societal goals/values
Provide data and models
We see outselves as one participant in a conversation about how to do this---in my opinion still is still a developing area of research.
Examples in the following slides drawn from the Southeast Resource Assessment Project, or SERAP, which has been funded, in part, by the SE CSC.




1. Global change processes:  
Climate and land use change 

• SE CSC focuses on two important global change 
processes that shape coupled human-environmental 
systems in the SE 
– Downscaled climate information 
– Urban development projections 

Presenter
Presentation Notes

SERAP focuses on two Global change processes, climate change and land cover change.





Downscaled Regional Probabilistic Climate 
Change Projections 

 
Downscaling and 
translation models 
can transform large-
scale projections… 

Average summer 
temperature 

GFDL CM2.1 (2.8o resolution) 

Presenter
Presentation Notes
These next two slides reflect work done by Katherine Hayhoe, Adam Terando, and colleagues.

Three key messages from the SERAP downscaling work:

1.  Translating the fairly well developed science represented by global change models (such as shown here) to a scale relevant for landscape management is important for regional assessments of climate-related disturbances.



Downscaled Regional Probabilistic Climate 
Change Projections 

Downscaling and 
translation models 
can transform large-
scale projections… 
into impact-relevant 
scales and variables 

Days per year > 100oF 
downscaled (0.125o 

resolution) 

Presenter
Presentation Notes
Regional scale climate projections then must be connected  with ecological processes that are of interest to managers.
The uncertainty associated with these downscaled regional climate projections should cascade through related ecological models.  This is a worthwhile but non-trivial exercise.

Adam Terando will be speaking this afternoon about some of the particular features of this research.




Urban Growth Model Gigalopolis  
SLEUTH-R (Jantz et al 2009) 

• Slope,  
• Land Cover,  
• Exclusion,  
• Urbanization,  
• Transportation, and  
• Hillshade 

Presenter
Presentation Notes
A key land cover process of interest in the SE is urbanization.  Alexa McKerrow, Adam Terando and USGS and NCSU colleagues are using the SLEUTH model to predict the future urban footprint in the SE.

The model is based on a Cellular Automata approach.
Use historic rates of urbanization (from imagery) to calibrate model
Simulate urban growth based on physical and social constraints and proximity to existing urban and transportation
Monte Carlo-based simulation allows for probabilistic projections (e.g. 75% of time the cell comes up with urban as “on”.

A cellular automaton (pl. cellular automata (CA) consists of a regular grid of cells, each in one of a finite number of states, such as "On" and "Off"). 
For each cell, a set of cells called its neighborhood (usually including the cell itself) is defined relative to the specified cell. An initial state (time t=0) is selected by assigning a state for each cell. 
A new generation is created (advancing t by 1), according to some fixed rule (generally, a mathematical function) that determines the new state of each cell in terms of the current state of the cell and the states of the cells in its neighborhood. 

http://www.ncgia.ucsb.edu/projects/gig/v2/About/dtInput.htm#slope
http://www.colorado.edu/research/cires/banff/pubpapers/94/



Projections  
Southeast-wide 

 December 2011 
 

Next Steps 
Projections  

•Appalachian LCC 
•Gulf Coastal Plain & Ozarks 

LCC 
  

Land-use use scenarios.  
Sensitivity analysis. 

Urban Growth Modeling To Date 



2. Physical responses  
to global change processes 

 

• Coastal outcome: sea-level rise and habitat loss 
• Terrestrial outcome: Vegetation dynamics 
• Terrestrial outcome: Habitat availability for 

priority species 
• Aquatic outcome: stream flow and temperature 

 

Presenter
Presentation Notes
The SERAP also looks at how global change processes affect biophysical characteristics of the landscape in the SE, including the outcomes listed here



Coastal outcome: sea-level rise and habitat loss 

Coastal processes such as sea level rise, subsidence, and erosion 
will be modeled to support coastal resource management 

 • Develop Bayesian 
statistical framework 
for predicting coastal 

erosion and inundation 
• Assess affects of sea 

level rise on coastal 
ecosystems and wildlife 

• Direct observations 
• Develop visualization 

tools for resource 
managers 

Climate Change 
& 

Sea Level 
Rise 

Groundwater 
          Impact 

Wetland Loss 

Coastal Erosion 

Inundation 
Safety 

Habitat 
Loss 

Physical 
& Biological 
Processes 

Potential 
Impacts 

 
Management 

Decisions 

Driving 
Forces 

Initial 
Conditions 

Presenter
Presentation Notes
There are three primary objectives of the coastal component for years 1 and 2 of the Southeastern Assessment:  
Develop a Bayesian statistical framework for predicting coastal erosion and inundation under a range of sea level rise scenarios, 
Assess the potential impacts of sea level rise on coastal ecosystems and related wildlife resources, and
Develop visualization products that will help natural resource managers anticipate sea level rise and adapt to the changes that are projected over the coming decades.




Coastal outcome: sea-level rise and habitat loss 
Bayesian Sea Level Rise Model 

Geomorphology
Geo 1
Geo 2
Geo 3
Geo 4
Geo 5

10.7
10.7
18.6
12.9
47.0

3.75 ± 1.4

Shoreline Change (m/yr)
-10 to -5
-5 to -2
-2 to -1
-1 to 1
1 to 5

14.2
15.7
20.3
35.7
14.1

-1.49 ± 3.2

Coastal Slope (%)
0 to 0.02
0.02 to 0.04
0.04 to 0.06
0.06 to 0.08
0.08 to 0.12

25.6
52.8
15.7
5.35
0.56

0.0306 ± 0.018

Tidal Range (m)
0 to 0.2
0.2 to 0.4
0.4 to 0.6
0.6 to 0.8
0.8 to 2

5.10
40.9
36.5
11.6
5.91

0.474 ± 0.29

Mean Wave Height (m)
0 to 0.25
0.25 to 0.5
0.5 to 0.75
0.75 to 1
1 to 1.5

 0 +
25.3
45.1
28.4
1.24

0.641 ± 0.21

Relative Sea-Level Rise Rate (mm/yr)
0 to 3
3 to 6
6 to 9
9 to 12

42.8
18.0
14.6
24.6

5.13 ± 3.8

Dune Height (m)
0 to 1
1 to 2.5
2.5 to 5
5 to 10

17.5
37.9
28.6
16.0

3.02 ± 2.4

Social, 
Ecological, 

and 
Economic 
Responses 

Driving 
Forces 

Geologic 
Constraints 

Erosion  
Response 

Topography 

Presenter
Presentation Notes
A Bayesian network is a probabilistic graphical model whose nodes represent random variables. 
Each node is associated with a probability function that takes as input a particular set of values for the node's parent variables and gives the probability of the variable represented by the node. 
The child node can become a parent node for subsequent variables in a network of variables.

In the sea level rise BN model there is a sequence of relations between nodes representing geologic constraints, topography, and several driving variables, including sea-level rise.  
These variables define a response variable, annual shoreline change.




Developed 606 terrestrial vertebrate species 
models for the Southeastern U.S.  

Relationships 
 
 
  
 
 
 
 
 
 
Products 

Maps and summaries potential habitat 
loss by species under a variety of 
SLR projections. 

Shoreline 
Erosion 

Inundation 

Gap Terrestrial 
Vertebrate 

Distributions 

Potential 
Habitat Loss 

Due to Sea Level 
Rise 

Coastal outcome: sea-level rise and habitat loss 
Modeling Habitat Loss 

Presenter
Presentation Notes
Shoreline change predictions can be combined with information about species distributions, from GAP analysis, to identify potential habitat loss due to sea level rise.



Coastal outcome: sea-level rise and habitat loss 
Sea Level Rise Viewer 

• Developing GoogleTM Thematic 
Mapper based map view that 

depicts inundation as sea level 
rises 

• User friendly environment for 
resource managers and public to 
visualize impacts of sea-level rise 

• Interactive map displays 
elevations of 1, 3, and 6 feet 

above Mean Higher High Water 
datum 

 
 

• http://gom.usgs.gov/slr/index.html 

Presenter
Presentation Notes
This Sea Level Rise Viewer is a collaborative effort of 
NOAA’s Coastal Services Center
The USGS National Wetlands Research Center and 
the USGS Mississippi Water Science Center . 

The light blue shaded areas in the map show lands vulnerable to sea-level rise for the coasts of Alabama, Mississippi, and Florida (from the Alabama state line to the eastern boundary of St. Mark's National Wildlife Refuge). 
The visualization tool illustrates the scale of potential flooding, not the exact location, and does not account for erosion, subsidence, sediment accretion, or future construction. 
Water levels are shown as they would appear during an average high tide. Rising sea levels will cause daily high tides to reach farther inland
(the inundation data are referenced to the mean higher high water [MHHW] datum)





Early 
succession 

Mid-open Late open 

Mid-closed Late closed 

Example: Dry longleaf pine 

Future landscape 
conditions 

Input for habitat 
distribution models: 

priority species 

Habitat-specific succession and disturbance models  

GAP 2001 land cover USFS FIA data 

Terrestrial outcome: Vegetation Dynamics 
Habitat types Stage and structure 

A1FI Weighted Mean 
A2 Weighted Mean 

B1 Weighted Mean 
Hindcast Weighted Mean 
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Climate effect on fire Southern pine beetle effects 

Presenter
Presentation Notes
Jen Costanza and colleagues at NCSU have modeled vegetation dynamics for different vegetation systems using data on habitat types, stage and structure, climate-related fire predictions, and information about insect outbreaks.

The model produces a transition probability matrix between states and stages of vegetation systems

Spatial extent of completed work:  SAMBY area (inner and outer coastal plain from VA to St. John’s River)

And portions of ACF Basin



2100 2001 

GAP Terrestrial 
Vertebrate 

Models 

Vegetation 
Dynamics 

Urban Growth 
Optimal 

Conservation 
Strategies 

Habitat 
Availability 

through Time 

Suitable habitat 

Cerulean Warbler 
Dendroica cerulea 

Terrestrial outcome: Habitat availability for priority 
species 

Presenter
Presentation Notes
Future landscape conditions are used as  input for habitat availability models

The model produces a transition probability matrix for habitat availability that reflects both vegetation and urban transition probabilities.

This predictions, including uncertainty information, can be used in developing SDM-based optimal conservation strategies





Statistically 
Downscaled 

GCMs 

Aquatic 
Occupancy 
Modeling 

Probabilistic 
Climate Change 

Avian Range 
Dynamics 

Integrated 
Terrestrial 

Assessment 

Integrated 
Coastal 

Assessment  

Optimal 
Conservation 

Strategies 

Hydrologic 
Modeling 

Stream 
Temperature 

Channel 
Classification 

Water Bodies 

Riparian 
Vegetation 

Historic Land 
Cover Dynamically 

Downscaled 
GCMs 

Current 
Climate 

Presenter
Presentation Notes
Stream flow and temperature modeling has been led by Jacob LaFontaine and colleagues.

Stream flow and temperature projections are influenced by climate projections and information about the landscape in a watershed.

Flow and temperature predictions are used in aquatic occupancy models.



Aquatic outcome: stream flow and temperature 
Precipitation Runoff Modeling System 

 
• Deterministic 

 
 

• Distributed parameters 
 
 

• Physical process based 
 

Presenter
Presentation Notes
Stream flow and temperature data are developed using the USGS Precipitation and Runoff Modeling System (PRMS), a deterministic model that uses spatially explicit variables for model inputs and represents important system processes.

This is a data intensive model that is complicated to calibrate and run, but provides very fine scale information about flow and temperature.





Aquatic outcome: stream flow and temperature 

• PRMS is being used to develop 
coarse- and fine-scale watershed 
models 

• Fine-scale models will include 
stream temperature modeling 

• Both coarse and fine scale models 
will incorporate probabilistic 
downscaled climate change 
projections 

Presenter
Presentation Notes
The PRMS model is being used in the ACF basin at this time, at a coarse scale (250 catchments) for the entire basin and at a finer scale for 6 watersheds within the ACF.

Both coarse and fine scale models make use of the downscaled climate projections.



3. Ecological response  
to global change processes 

• Terrestrial taxa: birds 
• Aquatic taxa: fish and mussels 

Presenter
Presentation Notes
Biophysical outcomes such as precipitation and temperatures, streamflow and temperature, and habitat availability can affect terrestrial and aquatic ecosystems and taxa.

The SERAP projects looks at several types of impacts for both terrestrial and aquatic taxa.



• Avian populations will respond to 
changes in temperatures and 
precipitation, and ensuing changes 
in habitat. 

• Expectation – shifts in range (e.g., 
north-south), or contraction 
(refugia). 

• Shifts (or lack thereof) will be 
typified by varying rates of 
extinction and colonization.  

•  Opportunity to assess resistance 
and resilience to climate indicators 
and habitat change 
 

 

Ecological response 
Modeling North American land bird range dynamics 

Presenter
Presentation Notes
Jaime Collazo and USGS and NCSU colleagues are using projected land cover dynamics and climate change to assess the effects of climate change on patch occupancy and range dynamics of North American avian species





Ecological response 
Linking landscape, climate, and urbanization models 

A decision making process that accounts for the uncertainty associated with 
predicting environmental dynamics and population responses, and the uncertainty 
associated with  conservation policies and whether they will be effective.   

Urban 
Growth 
Models 

Global 
Climate  
Models 

Existing 
Landscape 
Conditions 

Succession 
&  

Disturbance 
Models 

Range of Future 
Landscape Conditions 

(+25, +50, +75, +100 yrs) 

Avian Occupancy 
Species Distribution 

Presenter
Presentation Notes
Project scientists will use statistical techniques to develop predictive models that assess specific management objectives at relatively fine scales in areas that are strategically important to conservation, while also seeking to improve and refine predictions about large-scale population dynamics in response to climatic and landscape changes.  

The former models are needed to support local management decisions while the later are required to understand the effects of potential management decisions for terrestrial wildlife populations at regionally meaningful scales.



Ecological response  
Prototype fish/mussel models in  

The Apalachicola-Chattahoochee-Flint basin  (ACF) 

• 51,000 sq km 
• Blue Ridge,  

 Piedmont,  
 Coastal Plain 

 
• ca. 110 fish species  

  (10 endemic species) 
 

• ca. 27 extant freshwater 
mussel species  

 (6 federally listed) 

Presenter
Presentation Notes
Mary Freeman and USGS colleagues are looking at the response of fish and mussels to these landscape changes.  The models are species-specific, not models of fish community response.



Reproduction  
potential 

Habitat  
potential 

Future population 
status 

Current population 
status 

Colonization 
 potential 

Flow variability 
 rel. to spawning 

High flows 
prior to spawning 

Peak flow  
frequency 

Max summer 
temperature 

Drought  
frequency 

Summer base 
flows 

Expect that effects 
vary: 

• among species 

• among HRU’s 

Ecological response  
Major climate drivers on reproduction, persistence 

Presenter
Presentation Notes
Models look at the effects of climate-driven stream flow and temperature changes on future population status, considering both reproduction and persistence.  



4. Supporting vulnerability assessment and 
adaptive management activities on behalf of 

societal goals/values 

• Determine Optimal Conservation 
Strategies: 

 
• Implementation of Strategic Habitat 

Conservation using Adaptive 
Management 

• Incorporation of potential effects of 
climate change on fish and wildlife 
population 

• Develop ecoregion-scale strategies. 
 

 

Presenter
Presentation Notes
The SERAP project and the SALCC are using the ecological response models in a structured decisionmaking assessment.  
This “Optimal Conservation Strategy” effort is led by Barry Grand.
Determination of an OCS is done by incorporating the effects of climate and landscape change and associated ecosystem response into structured assessments of the effectiveness of various management strategies.



1. Identify focal species for planning 
conservation actions. 

2. Assess the state of populations of 
focal species based on the best 
available information.   

3. Determine population objectives 
and habitat objectives for focal 
species. 

4. Identify and quantify the effects of 
management and policy 
alternatives on the conservation 
of focal species. 

Supporting vulnerability assessment and adaptive management 
activities on behalf of societal goals/values 

 
SERAP objectives 

Problem 

Objectives 

Alternatives 

Consequences 

Tradeoffs & 
Optimization 

Decide & 
Take Action 

Presenter
Presentation Notes
The next two slides summarize some of the key steps in this process.

The sequence of steps is familiar given the preceeding slides…



5. Develop habitat relationship 
models for focal species. 

6. Determine optimal conservation 
strategies based on alternatives 
identified by stakeholders. 

• Where conservation is needed 
• What actions should work best 
• When action should be taken 

7. Identify key elements for 
monitoring. 
• Learn more about direction 

and effects of climate 
• Measure progress towards 

objectives 

Supporting vulnerability assessment and adaptive management 
activities on behalf of societal goals/values 

 
SERAP objectives 

Enlarge existing reserves Span gradients 

Facilitate movements Connect existing reserves 



Supporting vulnerability assessment and adaptive 
management activities on behalf of societal goals/values 

Final Optimal Conservation Strategy Products 

Spatially explicit decision support tool to 
allow management agencies to prioritize 
conservation actions based on a range 
of predicted future habitat conditions, 
including: 

– Portfolio of best conservation actions 
– Locations of sites with greatest marginal 

gain 
– Incorporates land-use projections, 

climate change projections, and 
vegetation succession 

 
 

Presenter
Presentation Notes

Decision models will be used to evaluate ‘portfolios’ of conservation actions that account for uncertainty in climatic variables, habitat responses, species responses, and the real or relative value of outcomes.

This tool can assist resource managers to assess management strategies, such as the potential purchase  of land to protect key species. Model output could be the identification of key areas, such as those indicated on this map, for the protections of habitat.





Geomorphology
Geo 1
Geo 2
Geo 3
Geo 4
Geo 5

10.7
10.7
18.6
12.9
47.0

3.75 ± 1.4

Shoreline Change (m/yr)
-10 to -5
-5 to -2
-2 to -1
-1 to 1
1 to 5

14.2
15.7
20.3
35.7
14.1

-1.49 ± 3.2

Coastal Slope (%)
0 to 0.02
0.02 to 0.04
0.04 to 0.06
0.06 to 0.08
0.08 to 0.12

25.6
52.8
15.7
5.35
0.56

0.0306 ± 0.018

Tidal Range (m)
0 to 0.2
0.2 to 0.4
0.4 to 0.6
0.6 to 0.8
0.8 to 2

5.10
40.9
36.5
11.6
5.91

0.474 ± 0.29

Mean Wave Height (m)
0 to 0.25
0.25 to 0.5
0.5 to 0.75
0.75 to 1
1 to 1.5

 0 +
25.3
45.1
28.4
1.24

0.641 ± 0.21

Relative Sea-Level Rise Rate (mm/yr)
0 to 3
3 to 6
6 to 9
9 to 12

42.8
18.0
14.6
24.6

5.13 ± 3.8

Dune Height (m)
0 to 1
1 to 2.5
2.5 to 5
5 to 10

17.5
37.9
28.6
16.0

3.02 ± 2.4

Presenter
Presentation Notes
I want to end with a few take home points about providing scientific information to support cooperative conservation in a context of complex systems that are imperfectly understood.

First, recall the need to think about vulnerability assessment in terms of outcomes or endpoints, that are not only tangible, measureable, make ecological sense and capable of being predicted using models, but that they can be directly connected with human well-being in some way.  

Essentially this means that in assessing vulnerability of a taxon or habitat you need to be talking about something that can be measured, modeled , and that society cares about and can put a value on.

A second point is that structured decision support tools, such as OCS, are going to be no better than the data, models, and projections they rely on.  Moving from very small spatial scale implementations of these systems to larger regional implementations presents substantial conceptual and scientific challenges.

Finally, there are many groups, governmental and otherwise, who are working on one or more of the tasks described in this talk creating opportunities for both useful and wasteful redundancy, as well as for leveraging.  

One of the hopes for the CSCs is that they can serve as a meeting place where interested scientists and managers can collaboratively define adaptive management-related information needs and attempt to define and implement a portfolio of science efforts that address these information needs.  Substantial institutional and cultural barriers exist that might confound this effort.  However, the severity of the risks posed by global change  to fish, wildlife, habitat and other resources, in conjunction with the limited resources available to do science, combine to make the CSC effort an important one.
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