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BREE Overarching Research Question

What strategies for resilience can be implemented to manage the risk 
from extreme events and what are the trade-offs for prioritizing public 
sector investments?

What are properties within the Lake Champlain Basin that drive 
hydrologic and nutrient responses to extreme events, and what 
are strategies for increasing resilience to protect water quality 
in the social ecological system?

BREE IAM Research Question



BREE IAM Scenario Development and 
Multi-Objective Optimization Plan

• Two stakeholder/advisory group meetings per year & numerous 
focus groups for:
– Cascading IAM development (calibration & validation) 
– Identification of “resilient” strategies
– Multi-objective optimization and elicitation of trade-offs among alternate 

policy and investment portfolios

Top-down (benevolent basin planner) vs bottom-Up 
(distributed) multi-objective optimization 



• Resilience is “the capacity of a system to absorb disturbance and reorganize so 
as to retain essentially the same function, structure, and feedbacks—to have 
the same identity. Put more simply, resilience is the ability to cope with shocks 
and keep functioning in much the same kind of way.” 

Definition of “Resilience” in Social 
Ecological Systems (SES) theory 

(Walker and Salt 2012)

SES of Aral Sea: Cotton vs WaterSES of Bali: Farming vs Water

Walker and Salt (2012)



Resilience Assessment Approach Under SES framework

Walker and Salt (2012)



Transformability in SES framework

Walker and Salt (2012)



Walker and Salt (2012)



Walker and Salt (2012)



BREE IAM Model Structure

Intellectual merit: 
Exploration of SES 
couplings and 
feedbacks through 
novel application of 
deep learning and 
agent cognition!



RACC IAM Status at the Start of the BREE 
Project

Climate Change Downscaling of
22 Global Circulation Models (GCMs)

(Precipitation, Temp Max & Temp Min at 
0.8KM x 0.8KM) per Day

Interactive Land Use Transition Agent 
Based Model (ABM) 

(15 Land Use Classifications at 30M x 
30M  per Year)

GRASS GIS with Training 
Preservation Module 

(17 Land Use Classifications 
at 30M x 30M per Year)

Regional Hydro-Ecologic 
Simulation System (RHESSys) 

(Water run-off at 5.4KM x 
5.4KM per day )

Weather Generator for 
downscaled 22 Global Circulation 

Models (GCMs)
(Precipitation, Temp Max & Temp 

Min, Cloud Cover, Wind Speed 
etc. per hour

Advanced Aquatic Ecosystem Model 
(A2EM) 

(TP, TN, ChlA etc. density per hour)



Development Plan for BREE IAM (2016-17)

Climate Change Downscaling of
22 Global Circulation Models (GCMs)

(Precipitation, Temp Max & Temp Min at 
0.8KM x 0.8KM) per Day

Adaptive Land Use Land cover change 
Agent Based Model (ABM) 

(15 Land Use Classifications & 10 
BMPs at 30M x 30M  per Year)

GRASS GIS with Training 
Preservation Module 

(17 Land Use Classifications 
at 30M x 30M per Year)

Modified Regional Hydro-Ecologic 
Simulation System (RHESSys) 

(Sediment, Flow, Bank Erosion, 
Overland Flow at 5.4KM x 5.4KM per 

day )

Weather Generator for 
downscaled 22 Global Circulation 

Models (GCMs)
(Precipitation, Temp Max & Temp 

Min, Cloud Cover, Wind Speed 
etc. per hour

Advanced Aquatic Ecosystem Model 
(A2EM) 

(TP, TN, ChlA etc. density per hour)



Feedback effects from Lake Model to 
Land Use Agent Based Model

• Proactive versus Reactive ”Regulator” Agents have been added 
in the ABM
– Regulator agents perceive the signal, either as a forecast or a delayed 

signal, from the lake and act to change financial and technical 
assistance policies, which in turn influence the adoption of farmer 
BMPs and land use transitions

– Test runs (in progress)

• Changes in land value from changing water quality
– Preliminary machine learning algorithms being tested
– Cascading “up” effects: decreasing land value may lower the town 

revenues, which in turn may lower available infrastructure that may 
lead to population and business flight 

• Ecosystem Service approach being planned



Modeling behavioral change (e.g. BMP 
adoption) by  multiple agents in ALL ABM

ALL ABM

Current Structure & 
Processes

Planned extensions 
(2017-2019)

Theory based decision 
heuristics (e.g. Game 
Theory, Theory of 
Planned Behavior etc.)

Machine learning based 
decision heuristics (e.g. 
ANNs, DBNNs etc.)

Reinforcement learning 
based decision 
heuristics (e.g. Q-
learning, SARSA etc.)



Regional Climate Model (ARW-WRF)
(Precipitation, Temp, Cloud Cover, Wind at 4KM x 

4KM) per day

Adaptive Land use Land cover 
change Agent Based Model 

(ALL ABM) 
(17 Land Use Classifications & 
18 BMPs at 30M x 30M  per 

Year)

Modified Regional Hydro-
Ecologic Simulation System 

(RHESSys) 
(Sediment, Flow, Bank Erosion, 

Overland Flow  at 5.4KM x 
5.4KM per day )

Advanced Aquatic 
Ecosystem Model, 

(A2EM)  
(TP, TN, ChlA density 
per hour at 100M x 

100M)

Biome-BGC 
(P, N, C per day at 30M x 30M )

Macroeconomic 
Model,  GEAM  

(GDP per Capita, 
Unemployment, 
Assets etc. per 

year)

Development 
Plan for BREE 
IAM (2017-18)



Regional Climate Model (ARW-WRF)
(Precipitation, Temp, Cloud Cover, Wind at 4KM 

x 4KM) per day

Adaptive Land use Land cover 
change Agent Based Model 

(ALL ABM) 
(20 Land Use Classifications & 
18 BMPs at 30M x 30M  per 

Year)

Modified Regional Hydro-
Ecologic Simulation System 

(RHESSys) 
(Sediment, Flow, Bank Erosion, 

Overland Flow  at 5.4KM x 
5.4KM per day )

New Lake 
Ecosystem Model, 

replace A2EM  
(TP, TN, ChlA

density per hour at 
100M x 100M)

Biome-BGC 
(P, N, C per day at 30M x 

30M )

Macroeconomic 
Model,  GEAM  

(GDP per Capita, 
Unemployment, 
Assets etc. per 

year)

Governance 
Network Model,  

(Policy tools, 
resources per year)

Development 
Plan for BREE 
IAM (2018-19)



Regional Climate Model (ARW-WRF)
(Precipitation, Temp, Cloud Cover, Wind at 4KM 

x 4KM) per day

Adaptive Land use Land cover 
change Agent Based Model 

(ALL ABM) 
(20 Land Use Classifications & 
18 BMPs at 30M x 30M  per 

Year)

Modified Regional Hydro-
Ecologic Simulation System 

(RHESSys) 
(Sediment, Flow, Bank Erosion, 

Overland Flow  at 5.4KM x 
5.4KM per day )

New Lake 
Ecosystem Model, 

replace A2EM  
(TP, TN, ChlA

density per hour at 
100M x 100M)

Biome-BGC 
(P, N, C per day at 30M x 30M 

)

Macroeconomic 
Model,  GEAM  

(GDP per Capita, 
Unemployment, 
Assets etc. per 

year)

Governance 
Network Model,  

(Policy tools, 
resources per year)

Development 
Plan for BREE 
IAM (2019-20)



THANK YOU

QUESTIONS?


