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Pop quiz

• How many of you have shopped at an area box store or 
mall?

• How many of you have traveled on one of VT’s back roads?

• How many of you have eaten food grown in VT?

• How many of you have drank BTV tap water?

• How many of you have swam in Lake Champlain?

• How many of you have thought twice about swimming in 
the Lake?

• How many of you have voted in a VT election?

• How many of you have based your vote on the candidate's 
position on water quality? 



In  the face of uncertainties about 

climate change, land use and lake 

response scenarios, how can adaptive 

management interventions (e.g. 

regulation, incentives, treaties) be 

designed, valued and implemented in 

the multi-jurisdictional Lake Champlain 

Basin?
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Q3: In the face of uncertainties about climate 

change, land use and lake response scenarios, 

how can adaptive management interventions

be designed, valued, and implemented in the 

multi-jurisdictional region?



Human beings as critical agents within 

a watershed…

… and the decisions they make.

• How does the public feel about water quality 

issues?

• How is the problem framed?

• How are land use decisions made?

• How water quality is governed?

• What interventions can be put in place to 

address the problem? 



How does the public feel 

about water quality issues?



Source: Koliba et al. 2013 Vermont Water Quality 

Survey. University of Vermont



Water quality appears to be important to the Vermonters

Source: Koliba et al. 

2013 Vermont Water 

Quality Survey. 

University of Vermont



Source: Koliba et al. 2013 Vermont Water 

Quality Survey. University of Vermont



How is the problem framed?



PCBs 

DISCOVERED

BLUE-GREEN 

ALGAE PROVES 

DEADLY

The Burlington 

Free Press: 

7/7/99  “Storm 

Runoff A Rising 

Problem”

Free Press 5/29/99

“GMP chips in to clean 

up harbor: projects 

come in recognition of 

contamination”

Free Press 7/8/99: 

“Contamination 

closes local beaches” 

Free Press  9/8/99: 

“Toxin in Lake 

Champlain Algae 

kills two NY dogs”

Free Press 11/5/99: 

“Cumberland Bay 

scoured of PCBs”

2000

Free Press  2000: 

“Sewage Plant 

Lacks Permit”

ALGAE AND 

PHOSPHORUS

Washington Post 2004: “Lake 

Champlain loses allure as 

poisonous algae surface: 

Vermont now trying to undo 

years of pollution damage”

WCAX News 

Channel 3 2008: 

“Planning a big 

Lake Champlain 

celebration

Free Press 2008: “EPA 

scolds state on efforts to 

clean up Lake Champlain

VPR 2009: 

”Aggressive new 

invasive found in 

Lake Champlain” 

400TH 

ANNIVERSAY 

CELEBRATION

Free Press 2010: 

“Lake Champlain 

movie to debut 

[Bloom]”

VPR 2011: “EPA 

revokes VT’s Lake 

Champlain 

cleanup plan”

Free Press 

2010: “EPA to 

reopen Lake 

plan”

VPR 2010: “Cable 

proposed under 

Lake Champlain

2010

National Wildlife 

(World Edition) 

2005: “A Lake in 

Distress”

SPRING 

FLOODS

Free Press 2011: “Lake 

Champlain rising, 

dangerous”

News Channel 

5 WPTZ 2011: 

“Near-historic 

toxic algae  

levels…”

CONTAMINATION: 

SEWAGE, 

STORMWATER

WCAX 2012: 

“New concerns 

about what Irene 

left in its wake”

2012

WPTZ 2012:”Lake 

Champlain at 

lowest level in 10 

years”

WPTZ 2012: 

“New funds to 

help storm water 

runoff”

EPA AND TMDL

VPR 2012:”Blue-

green algae: we’re 

swimming in it”

HURRICANE 

IRENE

Lake Champlain in the Media: 1999-2012
(Archives, Library Holdings, LEXISNEXUS)

Adapted from research done by Shapiro, M. 2012 (EPSCoR Summer Intern)

Timeline of Media Events, Water Quality Policy, Economic & 

Landuse Trends



QUÉBEC

VERMONTNEW YORK

SOUTH LAKE A (NY, VT)
3.9% of Total P Load

PORT HENRY
1.2% of Total P Load

SHELBURNE BAY
1.9% of Total P Load

NORTHEAST ARM
1.6% of Total P Load

ST. ALBANS BA
1.3% of Total P Load

BURLINGTON BAY
0.4% of Total P Load

MAIN LAKE (NY)
7.2% of Total P Load

MISSISQUOI BAY (VT, QC)
24.1% of Total P Load

MALLETTS BAY
9.1% of Total P Load

MAIN LAKE (VT)
14.3% of Total P Load

OTTER CREEK (NY, VT)
14.8% of Total P Load

LAND USE TYPES

FORESTED
Areas 
covered 
primarily with 
trees.

AGRICULTURE
Crop and 
livestock 
production.

NOTE: The land use data is fr om 2001 satellite imager y— the most recent comprehensive and complete data for this region. 
DATA SOURCE: Updating the Lake Champlain Basin Land Use Data to Impr ove Prediction of Phosphorus Loading.  LCBP Technical 
Report #54. May 2007. Page 45, Table 2-11.

ISLE LA MOTTE (NY, VT)
5.5% of Total P Load

CUMBERLAND BAY
5.0% of Total P Load

SOUTH LAKE B (NY, VT)
9.7% of Total P Load

DEVELOPED
All roads, cities, 
suburbs, lawns 
and large-lot 
buildings.

Missisquoi Bay Basin
Phosphorus Loading 
from Upland Sources

DATA SOURCE: Modeling Efforts and Identification of 
Critical Source Areas of Phosphorus Within the 
Vermont Sector of the Missisquoi Ba y Basin. LCBP 
Technical Report #63. December 2011.

Developed
Agriculture

Streambank
Undeveloped

A 2011 study focused on the Missisquoi Bay Basin 
attributed less phosphorus loading to agricultural 
lands than previous analyses. The study estimated that 
40% of loading is attributable to str eambank erosion, 
but does not assign these loads to par ticular land uses. 
Man-made structures along river corridors, agricul-
tural drainage, impervious surfaces, and loss of 
floodplains and wetlands all contribute to streambank 
erosion.

(SoL, LCBP, 2012, figure 7; page 9)

(SoL, LCBP, 2012, figure 3; page 6)



Interconnecting areas of impact:

AGRICULTURE RIVER MANAG. STORMWATER FOREST MANG.

TRANSPORT. WASTEWATER DEVELOPMENT ENERGY

EMERG. MANG. PUBLIC HEALTH



Results of Climate Change 

Impact Assessment  

Workshop



Sub-Network:

The multi-faceted 

dimension of 

climate change on 

lake hydrology

What impacts 

might this have 

on our region?



How are land use decisions made?



TABLE III. Comparison of the percentages of land-use types 3: Barren, 4: 
Forest, 5: Grass/Shrub, and 6: Agriculture resulting from the baseline 
scenario to the observed land-use percentages. 

Fig. 2. The western Missisquoi Watershed 
(colored area) versus the entire Missisquoi
Watershed. The colored area displays the 
observed land-use pattern of the NLCD 1992 
eight-class classification system.

Fig. 4. The dynamics of the farmers’ financial conditions over time. ηFgMo%, 
ηMoFg%, ηMoMa% and ηMaMo% are probabilities that a farmer’s financial 
conditions change from one state to another in year t. (change Produtivity(t) to 
sum(Pi(t))

How are land use decisions made and modeled?



Theory of Planned Behavior

[Updated Source: Fishbein and Ajzen (2010) Predicting and Changing Behavior]



How are best management practices (BMPs) adopted?

Source: Zia at al, 

2013 Farmer 

BMP Survey, 

University of 

Vermont



Source: Zia at al, 2013 Farmer BMP Survey, 

University of Vermont



Conservation Tillage Adoption Behavior ABM Design and 

Calibrated Parameters

Zia et al., 2014



Scenario development from BMP ABM:

Technical assistance is a driver of BMP adoption.

Business as usual Double $ for technical assistance

Zia et al., 2014



How are choices made using 

experimental economics?



How is water quality governed?



Q3’s interests:

Governance Money

Carrots & Sticks



Mediated Modeling Workshop 

Framework:



Framework for thinking about today’s 

scenario development exercise

Collaborative Governance

Parallel Governance

Preference for

(market-based and 

public subsidized) 

Incentives

Willingness to 

expand use of 

regulation

Low resource

High resource

t
Operational Tactical Strategic



Watershed Governance

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. 



Source: Koliba et al. 2013 Vermont Water 

Quality Survey. University of Vermont



We are deepening our understanding of how water quality 

governed



Business as Usual (BAU) governance 

scenario for the LCB: Parallel Governance

• “Parallel play”



FEDERAL

STATE

LOCAL

STATE AGENCY A STATE AGENCY B STATE AGENCY C 

FED.  AGENCY A    FED. AGENCY B FED. AGENCY C 

ROADS PLANNING ZONING

Lines of parallel governance



Consequences of parallel governance?

• Tendency toward compartmentalized Federal 

and State Agencies 

– environmental – agricultural trade-offs / technical 

assistance – regulation trade-offs

• Local government control over landuse and 

zoning decisions

– Oftentimes, these local governments are 

fragmented themselves.



Alternative governance design: 

(Bio)Regionalism at the Watershed Level for 

Planning and Coordination 

• Empowered civil society groups operating at 
regional scales vested with real resources 
and/or authority.

• Regional planning and implementation 
practices that take into account local variation.

• Watershed-level approaches to interventions 
that rely on the best science and technologies 
available.





FEDERAL

STATE

LOCAL

STATE 

AGENCY A

FEDERAL  

AGENCY A    

ROADS PLANNING ZONING

FEDERAL 

AGENCY B
FEDERAL 

AGENCY C

STATE 

AGENCY B

STATE 

AGENCY C



FEDERAL

BASIN

STATE

WATERSHED 

(REGIONAL)

LOCAL

STATE 

AGENCY A

FEDERAL  

AGENCY A    

ROADS PLANNING ZONING

REGIONAL PLANNING 

COMMISIONS

WATERSHED 

LEVEL NGOs

REGIONAL 

CONSERVATION 

DISTRICTS

FEDERAL 

AGENCY B
FEDERAL 

AGENCY C

STATE 

AGENCY B

STATE 

AGENCY C

BASIN PROGRAM



FEDERAL

BASIN

STATE

WATERSHED 

(REGIONAL)

LOCAL

STATE 

AGENCY A

FEDERAL  

AGENCY A    

ROADS PLANNING ZONING

REGIONAL PLANNING 

COMMISIONS

WATERSHED 

LEVEL NGOs

REGIONAL 

CONSERVATION 

DISTRICTS

FEDERAL 

AGENCY B
FEDERAL 

AGENCY C

STATE 

AGENCY B

STATE 

AGENCY C

BASIN PROGRAM



Resource Availability

V.

V.



Where does money for water quality mitigation 

come from?

60 + FEDERAL AND STATE 

PROGRAMS



Political will?

Sufficient resource?

Source: Koliba et al. 2013 Vermont Water 

Quality Survey. University of Vermont



Source: Koliba et al. 2013 Vermont Water 

Quality Survey. University of Vermont



Policy Preferences

• Policy tools are commonly grouped into two 

categories:  incentives and regulations        

(e.g. carrots & sticks)
STICKS:

REGULATIONS 

SANCTIONS

PERMITS

CARROTS:

INCENTIVES

TECHNICAL ASSISTANCE

PUBLIC INFORMATION/

EDUCATION



How are policy tools used to address water 

quality?



Evidence of policy preferences in the  2010 

Opportunities for Action (OFA)  Plan and the 

2010 TMDL Implementation Plan 

Source: Koliba, C., Reynolds, A., Zia, A., and Scheinert, S. (accepted for publication). Isomorphic Properties of 

Network Governance: Comparing Two Watershed Governance Initiatives in the Lake Champlain Basin Using 

Institutional Network Analysis. Complexity, Governance and Networks. 1(2).



What interventions can be put in place to 

address the problem?  

What kind of resources are needed?



Design using “crowdsourcing”



THE PURPOSE OF CSS2CC.ORG

• To deepen our capacity as a 
region to adapt to human-
induced climate change, 
and in particular to secure 
our region’s water quality 
for the long term.

• To envision a wide array of 
intervention strategies for 
ensuring water quality for 
the Lake Champlain Basin 

• To develop adaptation 
scenarios for stakeholder 
groups using a variety of 
simulation tools.











Tying these together through 

Integrated Assessment Models (IAM)

• Critical “Q3” concern: engaging stakeholders 

in IAM construction and use…



Thank you

http://www.uvm.edu/~epscor/new02

Chris Koliba

ckoliba@uvm.edu

802-656-3772


