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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?
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 Contemporary watershed governance 
approaches employed in our Basin:

 Pragmatic federalism (Gerlak, 2006)

(1) emphasizes collaborative partnerships, 

(2) relies on adaptable management strategies, and 

(3) is problem and process oriented. 

 Gerlak, A. K. (2006). Federalism and US water policy: Lessons for the twenty-first 
century. Publius, 231-257.




Contemporary watershed governance 

approaches employed in our Basin:

 Polycentricity (Ostrom, 2010; Koontz et al., 2015; 
Berardo and Lubell, 2016).

 Ostrom, E. (2010). Beyond markets and states: 
polycentric governance of complex economic 
systems. Transnational Corporations Review, 2(2), 1-
12. 

 Berardo, R., & Lubell, M. (2016). Understanding What 
Shapes a Polycentric Governance System. Public 
Administration Review, 76(5), 738-751.





Integrated water resource management 
(IWRM) framework

Main IWRM Features:
1)local water needs 
2)hydraulic control 
3)water pollution
4)ecological function

Lubell and Edelenbos, 2013.

Contemporary watershed governance approaches 
employed in our Basin:





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 




Purpose of the BREE Policy and 

Technical Advisory Committee (PTAC):
 To provide technical advice regarding model development, calibration 

and validation, including possible access to datasets that may be used in 
the process.

 To provide input regarding the communication of research findings 
and uncertainty associated with them.

 To provide advice about possible scenarios to be generated and 
tested from the BREE Integrated Assessment Model (IAM), as well as 
the land use, hydrology, climate, governance and economic models that 
are to be wrapped into it.

 To provide advice about the development of actionable, decision-
support tools to inform water quality in the face of changing 
frequencies and intensities of extreme events in the study areas.





Policy and Technical 
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Roles
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Population Increases Brings Problems for 
Water Quality





Like Champ Cyanobacteria is a 
Rare Sighting





”Lake Champlain Becomes the Next Lake Erie?”








Citizen Advisory Committees use of 

decision support tools

September 2018, 
focus group



Major Policy Impacts for BREE (Thus far)…

 Placing legacy nutrients and internal loading impacts the HAB problems in 
shallow bays…

 Ensuring that climate change impacts of extreme events are considered in 
future mitigation measures…

 Highlighting the importance of interjurisdictional coordination for planning 
and implementation of clean water projects…

 Integration of satellite imagery into early warning systems…
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Major Features of the BREE 
Integrated Assessment Model

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 
MODELS



 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




Economic model








Building the Deep Learning 

Capacity of Agents




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/






