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NIMBioS.org 

•  Foster new collaborative efforts to investigate 
fundamental and applied questions arising in 
biology using appropriate mathematical and 
computational methods  

•  Enhance the essential human capacity to 
analyze complex biological questions and 
develop necessary new mathematics   

•  Encourage broader public appreciation of the 
unity of science and mathematics. 
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 Some NIMBioS Activities 
•  Focused research projects (Working Groups) to 

build collaboration among diverse communities. 
•  Building collaborations through more open-ended 

general problems, addressed through multiple 
approaches (Investigative Workshops). 

•  Skill and methods-based programs (Tutorials) that 
foster a broader understanding of potential 
applications of modern math and computational 
science in biology. 

•  Postdoctoral and Sabbatical Fellowships 
•  Short-term Visitors 
•  A summer Research Experience for 

Undergraduates program with teams of math and 
biology students. 





Overview 
•  Background on natural resource management 
•  Everglades restoration and ATLSS (Across Trophic Level 

System Simulation) 
•  Raccoon rabies and spatial vaccination 
•  Wildfire control	

•  Individual-based models for spatial management of black 

bears	

•  Optimal control for agent-based models 
•  Control of tick-borne disease 
•  Invasive species management 	


–  Optimal control for generic focus/satellite spread	

–  Spatially-explicit management of Old World Climbing 

Fern 
•  Some lessons  
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Problems in Natural Resource 
Management 

•  Harvest management 
•  Wildlife management including hunting 

regulations and preserve design 
•  Water regulation	

•  Invasive species management 	

•  Disease control	

•  Fire management 
•  Agricultural systems management 
•  Biodiversity and conservation planning 



IEEE Computing in Science and Engineering (2007) 9:40-48 



What is challenging about natural 
resource management? 

•  Involves complex interactions between between 
humans and natural systems 

•  Often includes multiple scales of space and time 

 
 
•  Multiple stakeholders with differing objectives  
•  Monetary consequences can be considerable 
 



How can mathematics and modeling assist 
in solving problems in resource 

management? 
•  Provide tools to project dynamic response of 

systems to alternative management 
•  Estimate the “best” way to manage systems - 

optimal control 
•  Provide means to account for spatial changes in 

systems and link models with geographic 
information systems (GIS) and decision support 
tools that natural system managers and policy 
makers need.  

•  Consider methods to account for multiple criteria and  
differing opinions of the variety of stakeholders  
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Modeling and optimization 
•  Scenario analysis provides a method to compare sets of assumed 

inputs. 
•  Optimal control provides a method to decide what is “best” given 

an objective function, constraints, and dynamical system 
•  Sensitivity analysis provides a method to determine systematically 

the model response to local changes in assumptions (e.g. parameters) 
•  Uncertainty analysis provides a method to determine model response 

(generally not systematically) to alternative model structures or non-
local changes in assumptions (e.g. Latin Hypercube sampling 
approaches) 

•  For many models for management application, it is ranking of 
alternatives that matters, so a relative assessment procedure may be 
useful (e.g. see Fuller, M.M., L.J. Gross, S.M. Duke-Sylvester and M. 
Palmer. 2008. Testing the robustness of management decisions to 
uncertainty: Everglades restoration scenarios. Ecological 
Applications 18(3):711-723) 









Photos: South Florida Water Management District 

Dry Season:  
November-April 

Wet Season: 
May-October 







Everglades natural system management requires 
decisions on short time periods about what water 
flows to allow where and over longer planning 
horizons how to modify the control structures to 
allow for appropriate controls to be applied. 

• The control objectives are unclear and 
differ with different stakeholders. 

• Natural system components are 
poorly understood. 

• The scales of operation of the physical 
system models are coarse. 

 

This is very difficult! 

 



So what have we done? 

Developed a multimodel (ATLSS - Across Trophic 
Level System Simulation) to link the physical and 
biotic components. 

Compare the dynamic impacts of alternative 
hydrologic plans on various biotic components 
spatially. 

Let different stakeholders make their own 
assessments of the appropriate ranking of 
alternatives. 

http://atlss.org 
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ATLSS SESI Models 
 

Implement and Execute the Models for a Hydrology Scenario 

Objectives: Integrate SESI components into a cohesive computational  
framework and  apply the models to a hydrology scenario. 

Hydrology Scenario 

Distribute water over high resolution 
topography 

Standard Output Generation/Visualization Tools 

Daily Water Depth 
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Are the nests 
flooded during 
egg incubation? 

Is there high ground 
to build a nest on? 

Is breeding  
disrupted by 
high water 
levels? 

Are water depths in 
the correct range for 
the fish they eat? 

Are conditions 
favorable for the 
apple snails they 
depend on? 









This is not optimal control, but rather is a 
scenario analysis in which we compare and 
contrast the impacts of alternative 
management plans 

But there are numerous uncertainties due to 
incomplete knowledge of system processes and 
species dynamics, stochasticity in model inputs 
(e.g. weather patterns, mortality, etc.), complex 
model structure, and inaccuracy in the 
measurement of parameters 

 To deal with this we use a relative 
assessment protocol 

Fuller, M. M., L. J. Gross, S. M. Duke-Sylvester, and M. 
Palmer. 2008. Testing the robustness of management 
decisions to uncertainty: Everglades restoration scenarios. 
Ecological Applications 18:711-723. 



Relative assessment 
i = 1, 2, …, k indicate a collection alternative scenarios, defined by a 
collection of anthropogenic and environmental factors that affect the 
modeled ecosystem or a particular model configuration. 	

P represents a particular configuration of the model, including the values 
of model parameters, specific assumptions and functional forms used. 	

Ej, j = 1, 2, …, n  are anthropogenic and environmental factors (rainfall, 
fire events, etc.) 	

Mi (P, E1, …,En ) for i = 1, 2, …, k are the output of a model which 
projects the response of natural system components under scenario i with 
model parameters P and environmental inputs Ej. 	

R ( M1 (P, E1, …,En ), …, Mk (P, E1, …,En ) ) is a ranking of the scenarios 
based upon evaluation criteria and utilizing the results of the models	

A relative assessment is robust to a particular variation in model 
parameters and/or environmental inputs if the variation does not change 
the ranking R. When the model results Mi are recomputed based upon a 
particular variation in the Ej and P, the rank order of the models in R does 
not change. 







Effect of Simulated Climate on Scenario Ranking
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Lessons from ATLSS - Doing the Modeling: 
 
 •  Work closely with those with long experience 

in the system being modeled and use their 
experience to determine key species, guild and 
trophic functional groups on which to focus.   
 
Moderate the above based first on the 
availability of data to construct reasonable 
models, and secondly on the difficulty of 
constructing and calibrating the models.   
 
Don't try to do it all at once - start small - but 
have a long-term plan for what you wish to 
include overall, given time and funding.   
 



Leave room for multiple approaches: don't 
limit your options.   
 
In the face of limited or inappropriate data, 
use this as an opportunity to encourage 
further empirical investigations of key 
components of the system.   
 
Build flexibility in as much as possible.  
 
Be flexible about what counts as success. 

Lessons from ATLSS - Doing the Modeling: 
 
 



•  Build a quality team who respect each others 
abilities and won't second guess each other, 
but who accept criticism in a collegial manner. 
 
Keep some part of the team out of the day-to-
day political fray. 
 
Be persistent, and have at least one member of 
the team who is totally dedicated to the project 
and willing to stake their future on it. 
 
Do whatever you can to maintain continuity in 
the source of long-term support for the project.   
 

Lessons from ATLSS - Personnel Matters: 
 
 



•  Constantly communicate with 
stakeholders. 
 
Regularly explain the objectives of your 
modeling effort, as well as the limitations, 
to stakeholders. Be prepared to do this 
over and over for the same people, and do 
not get frustrated when they forget what 
you are doing and why.  
 
Be prepared to regularly defend the 
scientific validity of your approach. 
 

Lessons from ATLSS - Interacting with 
Stakeholders: 

 
 



Don't limit your approach because 
one stakeholder/funding agency 
wants you to. 
 
Be prepared for criticism based upon 
non-scientific criteria, including 
personal attacks. 
 
Ignore any of the stakeholders at 
your peril. 
 

Lessons from ATLSS - Interacting with 
Stakeholders: 
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Objectives for raccoon rabies models 
•  Account for dynamics of localized (individual and 

population) response to vaccination schedules as 
affected by seasonality 

•  Account for spatial aspects of disease spread including 
impacts of spatio-temporally-explicit vaccination 
patterns  

•  Provide methods to evaluate alternative management 
scenarios (e.g. vaccination, culling) as specified by 
stakeholders 

•  As potential comparators to simpler approaches, 
develop methods for determining the “best” 
management using criteria established by stakeholders, 
including economic ones 



 
•  Provide the capability to utilize spatial data readily 

available to management agencies 
•  Provide methods to evaluate trade-offs such as between 

expenditures for barriers and surveillance programs 
•  Provide methods to account for genetics of transmission 

and determination of interspecies transmission impacts 
•  Provide methods to account for impacts of population 

structure (age) on spatial spread 
•  Provide methods to carry out risk assessments for 

management actions at various spatial scales,  
considering impacts of multiple species and spatial and 
temporal variation in habitat conditions (including 
climate change impacts) 

Objectives for raccoon rabies models 



Flow between spatial region i and region j	








Base model - with no growth (births)	




We wish to minimize J = the total number of 
infecteds and the cost associated with 
vaccination	


To solve, use Pontryagin to develop adjoint 
equations, make an initial guess for the control, 
use a forward sweep of the model SIR equations, 
a backward sweep of the adjoint equations (these 
have final-time conditions at T), update the 
controls, and iterate until a stopping condition is 
met.	




Example spatial layout with n = 9. An example will 
introduce infectives into Pop  9, will have different 
initial susceptible populations in different locations, 
and compare spread without vaccination to that with 
optimal vaccination 	




No vaccination 



Optimal vaccination 



Optimal spatial vaccination strategy 



Other optimal control rabies models 
we’ve done have: 

•  Developed discrete-time control on a spatial grid 

 
 
 

•  Included an exposed class 
•  Included dynamics of the baits 
•  Included limits on amount of vaccine available  
•  Included seasonal birth-pulses leading to a hybrid, 

discrete-linked-to-continuous model 
 


