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The BREE Land Cover and 
Land Users Model (ALL 
ABM) now…

• 4 core scenarios: 
• Business As Usual (BAU)

• Pro-Ag

• Pro-Forest

• Pro-Dev

• BAU calibrated over 10 years 
(2001-2011) to NCLD layers

• 15 NLCD Land cover categories

II. Landowners update expected utilities to 
    determine land use

I. Initialization
    Initialize agents

    Initialize exogenous parameters

year + 1

     

Agricultural 
landowners

Forest 
landowners:
(1) Private

(2) Public

Urban 
landowners:
(1) Residence
(2) Business

III. Agricultural landowners determine whether 
     to adopt nutrient management practices
     (NMPs)

IV. (1) Update agents' attributes 
     (2) Recategorize agents

V. Output landuse patterns 2001-2041
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Land cover & Land use
Urban, Agriculture, BMPs

Forest, Wetlands, AMPs

Water GSI

Agent 1

Age: 45

College: Yes

Farm Size: 14 acres

Land use type: Crop

BMP
BMP



Pro Crop Scenario Urbanization ScenarioBusiness as Usual Scenario



Nutrient 
Inputs

Nutrient 
Capture 

PC: VPR; St Albans Messenger; 

To reduce excess 

nutrient input to 

lake, suite of Best 

Management 

Practices (BMPs) 

implemented across 

the watershed.

Constructed Wetlands

Low P 
Lawn Fertilizer

Landowner Populations

Farmers
(9 BMPs)

Households
(7 BMPs/GSI)

Foresters
(TBD AMP)

Firms
(TBD GSI)

Picking up dog 
waste

Rain Barrels

Rain Gardens

Fertilizer 
application based 

on soil testing

Reduced Tillage

Conservation Buffers
Retention Ponds

Pervious 
Pavement

Low/No P Lawn 
Fertilizer

Temporary 
Skidder Bridge



…and the future ALL ABM will have:

• All agent BMPs

• Regulator-Agent interactions

• Agent Memory

• Explicit price/benefit

• Risk and program enrollment 
based agent decision-making

• Machine deep learning driven 
decision-making

• Parcelization

• Feedbacks:
• Forest – Climate feedback (LPJ-

GUESS)

• Lake – Land feedback (possibly via 
governance)

• Land – Governance feedbacks



A few quick stats
Where are we?



In Vermont

78%
Forest

20%
Farm

2%
Other

Land Area

Sources: VT ANR’s DFPR “Vermont’s Forests” webpage; US 2012 Ag Census



In Vermont

80%
Individuals/
Families

19%
Municipal/State/Federal

Forest Land
Owners

Sources: VT ANR’s DFPR “Vermont’s Forests” webpage



In Vermont

65%
Cow Milk

8%
Cattle & Calves

Commodity
Group
Sales

Sources: US 2012 Ag Census

11%
Other Crops and Hay

3% Grains

3% Vegetables

3% Nursery, Greenhouse

2% Fruit and Berries

2% Poultry & Eggs

3% Other



Trends of note



Total Land Value

Between 2004 and 2016…

“the value of land 
statewide went from 
$990/acre in 2004 to 
$1,827/acre in 2016 – an 
increase of 185%.”

-- Fidel et al., 2018

$
2004 2016



Size of Land Parcels
Between 2004 and 2016…

“Larger parcels lost 
acreage…,while smaller 
parcels gained” both size 
and number. “Fortunately, a 
large percentage [~70%] of 
Vermont’s land remains in 
parcels” larger than 50 
acres.

-- Fidel et al., 2018
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Type of Land Parcels
Between 2004 and 2016…

“Statewide, acreage in 
fam and woodland 
(undeveloped forestland) 
is decreasing, while 
residential acreage is 
increasing.”

-- Fidel et al., 2018

Residential

Woodland Farm

-14%

-3%

-9%

+7%

Other







Conservation 9:1 ROI 
State invested funds



Gradients for Discussion
Conservation – Development

Working Landscape – Wild Nature

Disruptive Externalities



Extra Slides









Parcels with Dwellings



Rational Actor Model Bounded Rational Actor Model Theory of Planned Behavior Model

Habitual DM/Reinforcement Learning Descriptive Norm model Prospect theory model



BMPs By Agent Type

Best Management Practice Intervention Type

Planned crop rotations Agricultural

Soil test at least every 3 years Agricultural

Strip Cropping Agricultural

N, P, & K applications at rates recommended by soil tests Agricultural

Buffers at field edges Agricultural

Cover Cropping Agricultural

Reduced tillage (strip, zone, and no) Agricultural

Applying manure at recommended rates and times Agricultural

Applying fertilizer at recommended rates Agricultural

Incorporating manure and fertilizer as quickly as possible after 
application

Agricultural

Manure spreading setbacks (from water bodies and private/public 
wells)

Agricultural

Best Management Practice Intervention Type

Rain barrels Household

Rain garden Household

Permeable pavement/pavers Household

Infiltration trenches Household

Tree box filters Household

Green roofs Household

Constructed wetlands Household

Bioretention without underdrain, or raingarden Municipal

Bioretention with an underdrain connecting to storm sewer Municipal

Tree pit/cell/box Municipal

Infiltration/storage trench Municipal

Infiltration/storage basin Municipal

Dry well Municipal

Dry detention pond/basin (surface, non-infiltration) Municipal

Vegetated or Grass swale Municipal

Gravel-bed wetland Municipal

Shallow surface wetland Municipal

Wet detention/retention ponds Municipal

Cistern (200+ gal.) Municipal

Rain barrel (30-55 gal.) Municipal

Green roof Municipal

Pervious/porous pavement (asphalt, concrete, etc., designed for stormwater infiltration and 
storage)

Municipal

Pervious/porous pavers (blocks, bricks, designed for stormwater infiltration and storage) Municipal

Gutter/downspout disconnection to vegetated area Municipal

Road drainage such as culverts and ditches Municipal

Road drainage with storm sewer/pipes Municipal


