Q3:Adaptive management of
critical transitions in the
Lake Champlain Basin

C. Koliba, S. Scheinert, Y. Tsai, A. Zia
University of Vermont



Our agenda:

Overarching question(s)/Publications /
presentations of work to date/ Climate change
adaptation scenarios (Koliba)

Governance Agent-based Model (Scheinert)
Land Use Transition Agent-based Model (Tsai)

Theoretical and empirical dimensions of coupled
human-natural systems modeling (Zia)



“Q3": Adaptive
management of critical
transitions in the Lake
Champlain basin

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
~" S¢, lain Basin?
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Hypothesis: “Effective
watershed governance
networks may induce
watershed to a stable
state that is valued
relatively higher by
society and policy
makers."




Brief summary of Q3 data
collection & outreach activities:

« Climate Change Adaptation Scenario Generation
Workshop — Nov. 2012

 Presentations and participation in local and regional
watershed-related conferences - VEC, NEIWPCC

« Participant observations at meetings, public hearing,
legislative committees, etc.

* Focus groups — MRV community resiliency study
« Surveys - farmer, public opinion
« Interviews - over 30 logged so far with stakeholders

« Participation in national panel on infrastructure
resiliency at Sandia National Labs



Q3-related publications and presentations over the past year:

Zia, A., Bombies, A., Koliba, C., Betts, A., and Beckage, B. (to be submitted). Confounding Effects of Scale and Ideology in Communicating
Uncertain Climate Risks: Findings from an Experimental Survey Pre- and Post-Tropical Storm Irene

Scheinert, S., Reynolds, A., Koliba, C., Zia, C. 2013. Emerging Environmental Governance Networks: The Development of the Network in
the Lake Champlain Basin Program’s Opportunities for Action Plans. Sunbelt XXXIII: Mechanisms of Change in Organizational Networks.
Hamburg, Germany.

Reynolds, A., Koliba, C., Scheinert, S., and Zia. A. 2013. Isomorphic Properties of Network Governance: Comparing Two Watershed
Governance Initiatives in the Lake Champlain Basin Using Institutional Network Analysis. American Association of Public Administration.
New Orleans, LA.

Ricketson, J., Koliba, C., Zia, A., Hurley, S. 2013. Boundary Objects, Brokers and Conversation Starters: the Role of Tactical Management
Tools for Non-Point Phosphorus Mitigation in the Lake Champlain Basin. National Ecological Economics Association. National Conference.
Burlington, VT.

Koliba, C. and Zia, A. (accepted for publication). Book chapter: Governance Informatics: Using Computer Simulation Models to Deepen
Situational Awareness and Governance Design Considerations. DeSouza, K. and Johnston, E. editors. Policy Informatics. MIT Press:
Cambridge, MA.

Zia A, Koliba C. Adaptive Management of Critical Transitions in the Social Ecological Systems: Governing Alternate Stable States in
Multi-Jurisdictional Lake Champlain Basin. In: The American Society for Public Administration, Section on Complexity and Network Studies
(SCNS), and Erasmus University Rotterdam, research group Governance of Complex Systems (GOCS) Joint Conference on “Challenges of Making
Public Administration and Com. The American Society for Public Administration, Section on Complexity and Network Studies (SCNS), and Erasmus
University Rotterdam, research group Governance of Complex Systems (GOCS) Joint Conference on “Challenges of Making Public Administration and
Com. La Verne, CA,; 2013.

Koliba C, Zia A. Complexity Friendly Meso-Level Public Administration and Policy Studies Frameworks for Modeling Complex
Governance Systems: Challenges and Opportunities for a Meta-Theoretical Research Program. In: COMPACT I: Public Administration in
Complexity. COMPACT I: Public Administration in Complexity. Litchfield Park, AZ; 2013. p. 119-136.

Zia A, Koliba C, Tian Y. Governance Network Analysis: Experimental Simulations of Alternate Institutional Designs for
Intergovernmental Project Prioritization Processes. In: COMPACT I: Public Administration in Complexity. COMPACT I: Public Administration in
Complexity. Litchfi eld Park, AZ; 2013. p. 144-165.

Zia A, Koliba C. How Multi-Level Institutional Mechanisms Generate Basins of Attraction in Infrastructure Investments. In: International
Research Society for Public Management (IRSPM) Annual Conference. International Research Society for Public Management (IRSPM) Annual
Conference. Prague, Czech Republic; 2013. p. .

Tsai Y, Zia A, Koliba C, Guilbert J, Bucini G, Beckage B. Impacts of Land Managers’ Decisions on Landuse Transition within Missisquoi
Watershed Vermont: An Application of Agent-based Modeling System. IEEE International Systems Conference. 2013.

Beckage B, Kauffman S, Zia A, Koliba C, Gross L]. More complex complexity: exploring the nature of computational irreducibility across
physical, biological, and human social systems. In: Irreducibility and Computational Equivalence: Wolfram Science 10 Years After the
Publication of A New Kind of Science. Vol. 2. Irreducibility and Computational Equivalence: Wolfram Science 10 Years After the Publication of A New
Kind of Science. ; 2013. p. 79-88. Available from: http://link.springer.com/chapter/10.1007%2F978-3-642-35482-3_7#page-2

Koliba C, Zia A. The Resiliency Challenge for Social Ecological Systems: Overcoming Institutional Silos Through Mediated Modeling. In:
The American Society for Public Administration, Section on Complexity and Network Studies (SCNS), and Erasmus University Rotterdam, research
group Governance of Complex Systems (GOCS) Joint Conference on “Challenges of Making Public Administration and Com. The American Society for
Public Administration, Section on Complexity and Network Studies (SCNS), and Erasmus University Rotterdam, research group Governance of
Complex Systems (GOCS) Joint Conference on “Challenges of Making Public Administration and Com. La Verne, CA; 2013.

Koliba C, Zia A. The Role of Governance Informatics in Promoting Accountability and Performance: Examples from Watershed
Management. In: International Research Society for Public Management (IRSPM) Annual Conference. International Research Society for Pablic
Management (IRSPM) Annual Conference. Prague, Czech Republic; 2013.


http://www.uvm.edu/~epscor/new02/?q=biblio&f[author]=736
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Agent-Based Governance
Model (GovABM)

Goal: Test policy options to find a mix structural
reforms and funding arrangements for improving
water quality

Models the operation of water-quality oriented state
and federal programs in the context of a set of policy
domain(s)

Data Sources

o Stakeholder interviews
o Program data
 Program structures
 Program budgets
* Program application records
o Validation through stakeholder feedback



Full System with Decision Mechanisms (GovABM v2)
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Funding & TMDL Indicators
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Program Focuses

 Federal Programs

o Environmental Quality
Incentive Program (EQIP)

o Conservation Reserve
Enhancement Program
(CREP)

o Farm and Ranch Lands
Protection Program (FRPP)

« VT State Programs

o Agricultural water quality (VT
AAFM)

o Ecosystem Restoration
Program (VT DEC)

« Program Data

O
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Budgetary Data

« Funding amounts

« Funding sources
Staffing levels (FTE’s)
Policy tool use patterns
Program operation rules
Application records
Financial disbursements



Process
Map
GovABM
v3.2

Initialize Policy Domains

Establish Programs and Applicants in the space of pre-
determined policy domains that are relevant to water quality,

|

Each Policy Domain:
1. defines a set of programs and a set of applicants that are active

in that domain /
2. Sets the context for the behavior of its programs and applicants

a. financial need of applicants

b. budget appropriations for Federal and State programs for
the whole domain and for each policy tool

i1 Budgetary data and Application Records from
‘ Federal and Vermont State Programs that operate

in the selected Policy Domain

2. User-Defined Settings established in model control

‘,«" panel
/ a. Policy Tool Weights
b. Funding Levels

c. Technical Settings (Program Processing Time, ,"'

Network Layout)
d. Regulation Style
e. Applicant Buy-In

/
!

Agent-Based Water Quality Governance Model

|

State and Federal Programs
in the Policy Domain

Entities Seeking Support from
the Programs (Applicants)

Initialization of Programs:
1. Programs are set as either a federal or state program
2. Receives an individual processing time value

Initialization of Applicants:

1. Applicants are set as either towns or farms. depending
on their policy domain

2. Applicants are set as being or not being in compliance
with applicable laws and regulations

Initial Behaviors for Programs:
1. Programs are assigned a policy tool that that program

will use. either law/regulation enforcement, cost sharing,
permitting, technical assistance or outreach
2. Programs receive a budget allocation

Permitting, and Technical <
Assistance programs await
applications and process them
when received

Jr Annual
Enforcement, Cost Sharing, Budget

new funds

Initial Behaviors for Applicants:

1. Applicants identify a policy tool that they need

2. Applicants identify the amount of financial assistance
they need using that tool

3. Applicants begin searching for a program and become
available for program outreach

4. Applicants query their neighbors for application status
and success to determine if they will apply to any
programs that they find

et —

and new
\\tools

Outreach Programs advertise

from applicants. Non-Outreach
assigned programs can run
outreach operations if directed to
in the simulation controls

programs, generating applications

Applicants file applications when reached through
program outreach. which informs applicants of the

Non-Outreach programs review applications when

programs. Applications indicate the tool that the
applicant needs.

application

the application is received. If the applicant’'s needed

unsuccessful

/
i
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tool matches that tool that that program offers, then

application is successful.

~When review is complet\
Qograms restart process/
S S

notification

l application successful

Applicant receives funds from the program
Program debits funds from budget
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Program Operation Schematic (v3.2)

programCperations

SR

techAssist

I

2




Applicant Behavior
Schematic (v3.2)




Water Quality Governance v3.2

| Political Decision Parameters and Tool Weights Control Panel
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Model. Many of the simulation interface struetures and funetionality for this model were taken from the IPP Model and adapted to fonetion in this model. For reference, see:



Water Quality Governance v3.2

| Program and Applicant Behaviors

Governance Approach
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Why Landuse Transition Agent-
based Model (LUT ABM)

Source: State of The Lake, LCBP, 2012 Source: State of The Lake, LCBP, 2012



Conceptual

I Initialization LY ICIA] ize

Initialize agents (decision making agents & land grid cell agents)

(1) GIS data
(2) Datasets of decision making agents

Initialize exogenous parameters
(1) Baseline scenario (policy, social, environmental conditions)

(2) Alternative scenarios decided from mediated modeling

sessions

ﬁ

<)bserved land use

NLCD 1992

Flow Chart

year + 1 <

Landuse Transition Agent-based Model

|

of the
LUT ABM

Landuse & Land Ownership

1. Deg

ownership for land cells

util
lan

Il
ision making agents obtain information, update their expectjd
ies or social psychological functions to determine landuse

nd

information pertaining to intrinsic
properties of land holdings and farms

(1) crop (corn or hay),

(2) dairy (confined, pasture, or
confined pasture),

(3) crop & dairy

new and updated information

(1) private
(2) public (federal, state,
town, or non-profit)

Agricultural landusers Forest landusers Urban landusers
Farmers incoporate new and updated Decision making agents incoporate Cities grow in
fractals

(1) residences
(2) businesses

Nutrient Management Practices

Update

Output

I1l. Decision making agents determine wheth
Nutrient Management Practices (NMPs)

Ir to adopt

Agricultural landusers
Farmers adopt NMPs, determine crop
types and/or change existing farming
practices on land grid cells based on
properties of land holdings and farms

Forest landusers
Decision making agents determine
whether to adopt NMPs

Urban landusers
Households and
businesses adopt
NMPs

1

(2) Recategorize agents

IV. (1) Update decision making agents' properties

(3) Create new agents and delete exit agents

L

Calibration

V. Output landuse patterns 1993-2050

NLCD 2001 and 2006

VI. ABM is calibrated against observed landuse




Components of the LUT ABM

ransitions at yealit D€cision Making Agents

! e Dairy Farms
: 'Ae|g(e¥][8FN «Crop & dairy
Farms
S
ltle . *Crop Farms ...
Ownership « Private
e Public (Federal,
Forest State, Town,
Non-profit)

Landuse

e Residences
e Business
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Open Water ™\ Focus Groups
Forest NLCD

Agriculture
Urban
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Farmers’ Landuse & Land Ownership Decisions

Risk Neutral Farmers' Landuse Decision Processes That Are Dominated by Farm Profits

(Risk Neutal Farmers' Expected Utility = Expected Value of Their Farm Profits)
Buy Properties from Other Farmers) La n d u Se

Land
Ownership
Convert Agriculture Lands into Forest Lands eCiSion S

Buy Properties from Forest Entities)

AN

Profits

e

1

Convert Agriculture Lands into Wetlands)

Huge Profits (Profits > P1%*)

E(Profits) > 0

Moderate Profits (Profits < Pl*)\

N

Convert Forest Lands into Agriculture Landsj

Convert Grass/Shrub Lands into Agriculture Lands]

E(Profits) = 0

Maintan Current Farming Practices & Landuse Patterns]

~\

Convert Agriculture Lands into Wetlands to Received
Government Payments

Ve

Moderate Losses (Profits > P2*)

E(Profits) < 0

~\

AWSRY (W,
LV

Decrease Agriculture Practices, Abadon Some Agriculture Lands
in which some will transit into Grass/Shrub and Then Forest Lands
and others will transit into Wetlands

Huge Losses (Profits < P2*)

s

~

Stop Farming Practices, Abadon All Agriculture Lands in which
some will transit into Grass/Shrub and Then Forest Lands and
others will trasit into Wetlands

[ [V

N

Sell Properties to Other FarmersJ

Sell Properties to Forest Entities)

P1* and P2* will be determined by model calibration processes Sell Properties to Urban Entities)




Preliminary
Simulation
Study Area

Legend

[] Missisquoi Watershed
- No Data
- Open Water
- Urban
I:] Barren
- Forest
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I:] Agriculture
|:| IWetlands




Preliminary Simulation

Farmers' Landuse Decision Processes That Are Dominated by Farm Profits

Convert 25% Forest Lands into Agriculture Lands)

Convert 90% Grass/Shrub Lands into Agriculture Lands]

Feel Good

Convert 90% Barren Lands into Agriculture]

0,
43% (Moderate Stress)—[ Maintan Current Farming Practices & Landuse Patterns)

Decrease Agriculture Practices.
Abadoned 25% Agriculture Lands which
transit into Barren Lands.

Major Stress

Decrease Agriculture Practices.
Abadoned 75% Barren Lands which
transit into Grass Lands.

Decrease Agriculture Practices.
Abadoned 90% Grass Lands which
transit into Forest Lands.




Preliminary Simulation

Three possible financial
Landuse transitions conditions for the
as percent of A land | farmers during a year
is turned into B land| (Probability that the
during one year time| financial condition
interval OoCcurs

00 v »i | g @

Adrcul 25%



Continuing
Efforts

 Determine Land
Ownership for initial
year 1992 &
consequent years

o Common land unit
(CLU) dataset

o Public and private
owned conservation
lands GIS Layers

o Vermont E911
(buildings) data
o Census Data




Continuing Efforts

« Determine Landuse
Decision Rules of land
owners of different
types

o Census, Past and
current Surveys, Focus
Groups

o Stochastic processes

Risk Neutral ‘ Landuse That Are Farm Profits

(Risk Neutal Farmers' Expected Utility = Expected Value of Their Farm Profits)

Convert Agriculture Lands into Forest Lands)

Convert Agricuiture Lands inte Wetians |

Huge Profits (Profits = P1%)
——— ’H
Moderate pronts (Profits < 1) Jee——

Convert Forest Lands into Agriculture Lands )

L

Convert Grass/shrub Lands into Agriculture Lands ) KA

Maintan Current Farming Practices & Landuse Patterns)

Canvert Agriculture Lands into Wetlands to Received
Government Payments

Decrease Agriculture Practices, Abadon Seme Agriculture Lands
in which some will transit into Grass/Shrub and Then Forest Lands
nd athers will transit into Wetlands.

some will transit into Grass/Shrub and Then Farest Lands and

Stop Farming Practices. Abadon All Agriculture Lands in which
others will trasit into Wetlands

Sell Properties to Forest Entities
Sell Froperties to Urban Entities

P1*and P2+ will bo inad by modol




Continuing fos

Calibrate the LTABM to
o Observed landuse data

Impacts of Best
Management Practices
in reducing
Phosphorous loads
o Mata-analysis on past RV g
literature g W ==~ M T
Expend to the whole '
Missisquoi Watershed

Integrate with
Governance Network, e & | =
Hydrologic and In-lake ‘ o EE P

Source: www.oh.nrcs.usda.gov
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Transport Models = =

n l‘\f\'ll\ll\
VIRMONT
EXTENSION

Source: pss.uvm.edu



