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Scientific Domain Frameworks Theories

Systems Science
Computation;

Feedback; 
Feedforward;

Social Ecological 
Systems

Natural Science
Water;
Soils;

Biogeochemistry

Behavioral and 
Decision Science

Incentives;
Practices;
Choices

Policy Science Policy & Governance

Young OR, Berkhout F, Gallopin GC, Janssen MA, Ostrom E, and Leeuw SVD.

(2006). The globalization of socio-ecological systems: An agenda for scientific

research. Global Environmental Change 2006;16(3):304-316.

Lake Champlain Basin 
Socio-Ecological Systems



What is the future alternative state of Lake 
Champlain?  

It’s 2035….



Like Champ Cyanobacteria is a Rare Sighting



Population Increases Brings Problems for 
Water Quality



Governance

Hydrology (flow, 
solute transport)

Regional climate 
(including extreme meteorological events)

Land use

Lake
(hydrodynamics,

water quality)
Macro-economic

Watershed 
biogeochemistry (P, N, C)

Social Systems:
Major features

SOCIAL SYSTEMS MODELS



Overarching Research Question for Social Systems:

• How do governance networks, institutional rules, macro-economic 
indices and resource allocation decisions respond to extreme events, 
and how can this knowledge be used to design public policies and 
governance networks that enhance resilience across the Lake 
Champlain Basin?



BREE Social Systems Key Concepts:

• Agents
• LAND USERS: farmers, urban residents, rural/forest land owners, 

• GOVERNANCE ACTORS: town managers, watershed managers, policy 
makers, governments, nonprofits, firms

• ECONOMIC ACTORS: consumers, owners…

• Agent rules & behaviors 
• Rational -> boundedly rational-> non-rational

• Agent ties 
• to each other 

• to the land

• to markets



THE MICRO / MACRO 

CHALLENGE OF THE GOVERNANCE OF 

COLLECTIVE RISK IN SOCIAL ECOLOGICAL 
SYSTEMS 

• KEY CHALLENGE: To understand the 
relationship that individual human 
behavior at the micro scale has to the 
development of aggregated patterns 
at the macro scale of larger systems-
level phenomena.

• KEY OPPORTUNITY: The more aware 
that individual and institutional social 
actors are of the collective 
consequences of their actions, the 
more likely they are to behave in ways 
that protect the security of collective 
interests. 

DEEP LEARNING FRAMEWORK

http://visteon.bg/2017/03/02/machine-learning-algorithms-autonomous-cars/



Major Objectives of BREE Social System Team

1.) To collect relevant social science data to inform the design and 
calibration of land use, governance and economic agent-based models.

2.) To build and eventually calibrate a governance ABM for the 
Vermont portion of the Lake Champlain Basin.

3.) To extend the ALL ABM to include household and forester 
agents, to integrate reinforcement learning into all agent cognition, 
and to build in capacity to include water quality best management 
practices.

4.) To build and calibrate a Macroeconomic General Equilibrium Model 
(GEAM) for the State of Vermont.



Objective 1: Building datasets about individual, stakeholder and 
institutional response to extreme events 

• Focus Groups (Tactical Basin Planning; State Agency Resource 
Allocation)

• Surveys (Farmers; Municipalities; Households; Institutions)

• Network Analysis (Governance)

• Digital Field Experiments (Stakeholder objective functions)



“Action Arena” Focus Groups
• Franklin County Regional Planning Commission

Governance

Photo: CWAC focus group: 1/25/18



Surveys
• Objectives:

• To use surveys to validate and calibration ALL and 
Governance ABMs

• Design and execute several surveys of households (1x), 
farmers (1x), municipalities (2x), institutions (2x) over the 
course of the five years of the grant. 
• Data from these surveys will be analyzed and published in stand 

alone articles.

Land use

Governance







Household Green Stormwater Infrastructure Survey



“Visualizing bioretention to understand 
maintenance capacities of Vermont 
towns and aesthetic preferences of 
Vermont’s municipal officials”

Visual Appeal
3. Very appealing
2. Appealing 
1. Somewhat appealing
0. Neutral
-1. Somewhat unappealing
-2. Unappealing
-3. Very Unappealing
x. I don’t know

Municipal responders Rate the image 
pairs displayed as to their…

Ability of Town to Maintain
3. Very able to maintain
2. Able to maintain
1. Somewhat able to maintain
0. Neutral
-1. Somewhat unable to maintain
-2. unable to maintain
-3. Very unable to maintain
x. I don’t know



Digital Field Experiments
• Objectives:

• To use digital field experiments to validate deep learning capacity that shape 
land owners, land use managers and policy makers decisions relative to water 
quality and extreme events.

• To use results to calibrate reinforcement learning of ALL and Governance 
Network ABM agents

• To published results of field experiments





Governance

Hydrology (flow, 
solute transport)

Regional climate 
(including extreme meteorological events)

Land use

Lake
(hydrodynamics,

water quality)
Macro-economic

Watershed 
biogeochemistry (P, N, C)

BREE Integrated Assessment Model:
Major features

SOCIAL SYSTEMS MODELS



EPA	Na onal	

Basin-wide	

State/Provincial	

Regional	

Local	

Landscape	

LCBP	

ANR	
VTrans	

AG	

Regional	Planning	Commissions	

NRCS	

Env.	Canada	

NY	 VT	
QB	

Indiv.	Farm	/	HH	

Local	governments	

Farms	

Households	

Conserva on	districts,	
Watershed	alliances,	etc.	

Multi-level 
governance

Objective 2: Construct, calibrate, and integrate a novel BREE 
governance agent based model that accounts for policy learning 
resource and political scenarios



The Mechanism in Place to Allocate Resources: 

Reporting and Financing Interagency / Clean Water Fund
Tactical Basin Planning

Need Project
Owner 

Consent
FundingProject 

Design

These “Action Arenas” will be integrated into 
governance ABM and optimization models.



Governance

Hydrology (flow, 
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Land use
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BREE Integrated Assessment Model:
Major features



Objective 3: Calibrate and integrate deep learning into farmer, household, and municipal agents, 

expand the ALL ABM into the St Albans watershed, and build in urban stormwater management 

capacity.

Projections of 4 
“refined” Land Use 
Change scenarios 

developed for 
Missisquoi
Watershed
(2000-2101)



Initialize ALL ABM with observed 
NLCD data, parcel data & zoning data 
at watershed scale

LANDOWNER AGENTS

Agricultural 
landowners

RESIDENTIAL & 
COMMERCIAL AGENTS

Forest 
landowners

Households Commercial 
Developers

LANDCELL AGENTS

GOVERNANCE AGENTS

Municipal 
managers

Watershed 
managers

An overview of endogenous behaviors and environments of multiple agent classes 
(Landcells, Landowners and Policymakers) and their interactions in ALL ABM (Zia et al. 2016)



SEM:
Farmer agents in ALL ABM can adopt three Nutrient Management Practices using 
Structural Equation Models estimated from farmer survey. Behavioral change is 
premised on the theory of planned behavior that was used to frame survey questions.

Thrust 2; Goal 2.1; Objective 2.1c
Activity 1 : Prototype deep learning in ALL ABM



Initialize ALL ABM with observed 
NLCD data, parcel data & zoning data 
at watershed scale

LANDOWNER AGENTS

Agricultural 
landowners

RESIDENTIAL & 
COMMERCIAL AGENTS

Forest 
landowners

Households Commercial 
Developers

LANDCELL AGENTS

GOVERNANCE AGENTS

Municipal 
managers

Watershed 
managers

An overview of endogenous behaviors and environments of multiple agent classes 
(Landcells, Landowners and Policymakers) and their interactions in ALL ABM (Zia et al. 2016)
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Calibration of ALL ABM’s Deep Learning capacity:

Survey and Digital 
Experiment Results
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Objective 4. Build, calibrate, and integrate a regional General Equilibrium 

Analysis Model (GEAM). 

• Tax revenues as inputs into governance models

• Economic utility/production functions of farmers, 
developers
• Indirect impacts on policy makers



Real GDP per capita in Vermont- in terms of 2001 $

RESULT: GEAM is calibrated.

Thrust 2; Goal 2.1; Objective 2.1d
Activity 1 : Prototype GEAM
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Adaptive Management Process: Using science to manage and 
govern segments of society.

Rist, L., A. Felton, L. Samuelsson, C. Sandström, and O. Rosvall. 2013. A new paradigm for adaptive management. Ecology and Society 18(4): 63. http://dx.doi.org/10.5751/ES-06183-180463 



“Vermont EPSCoR provides important leadership in organizing stakeholders
in the Lake Champlain Basin around the issues of climate change, extreme
events and resilience, in both the near- and long-term. Their research
efforts have provided critical data that are allowing us to better understand
the causes and intensity of algal blooms, the long-term commitment needed
to achieve our water quality and resilience goals for the Lake and Basin, and
the engagement of stakeholders that is necessary for success. In particular,
the Integrated Assessment Model is a welcome and unique resource for
Vermont as it tackles implementation of the Total Maximum Daily Load
(TMDL) and sustainable funding for clean water initiatives. Vermont EPSCoR
provides real and significant value to agencies of state government,
including the Agency of Natural Resources.”





Policy and Technical Advisory 
Committee (PTAC) Roles

• Technical advice and access to data 
• Input regarding the communication of research 

findings and uncertainty associated with them.
• Advice about possible scenarios to be generated 

and tested from the BREE Integrated Assessment 
Model (IAM)

• Advice about the development of actionable, 
decision-support tools to inform water quality 



Policy and Technical Advisory 
Committee (PTAC) Roles



EPA

Quebec 
Government

Lake Champlain 
Basin Program

BREE Science Leader

BREE Post Doc

PTAC Meeting, 
November  28, 2017



Meeting Meeting Date Activity Description

1 May 2017 BREE Overview; PTAC Scope and purpose; Paper findings; data acquisition needs

2 November 2017 Resilience perspectives: identification of perspectives, priorities, and constraints of key
decision-makers and interest groups in the LCB; increase PTAC member buy-in to BREE

3 Summer 2018 Fuzzy cognitive mapping: link key processes in the system to external drivers of change

4 Fall/Winter 2018 Levers and scenarios: identification & exploration of alternative levers and states that
might shift system trajectory; translate into actionable scenarios for modeling



PTAC Cognitive 
Mapping and Scenario 

Development



Headlines
“Vermont Invests Two Billion dollars on clean water: 
Are We Seeing the  Improvements?”
“Like Champ Cyanobacteria is a Rare Sighting”

“VT + QB Integrated Nutrient Trading Market Supports 
Agriculture and Water Smart Development to Accommodate 
Population Growth”
“Prisoner's dilemma bifurcates” or  “Act 64 was a Turning Point”

“St. Albans Bay Bounces Back: CAFO Ban a Success! Jewett 
Brook Treatment System to Stay on Until 2049”
“Population Increase Brings  Opportunity & Problems for 
Water Quality”

“Missisquoi Bay is a dead zone; Lake is dammed to keep rear of lake clear”

“Water Q efforts continue but citizens wondering when benefits will be seen.  P 
loads down but historical storage proving hard to shake.  Loss of snow pack inhibits 
efforts”



International Joint Commission (IJC)




