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Students!
● Raines:

○ Grassland conversion at the property level
● Sam:

○ Mapping US organic farms
● Lucas:

○ Mapping US Farm payments
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Land Conservation

● Habitat loss threatens biodiversity 
and ecosystem function

● Natural areas provide clean water, 
carbon storage, and pollination

● Conversion continues: 1M+ 
acres/year of grassland lost in the 
Great Plains

● Most remaining natural areas exist as 
fragmented patches across working 
landscapes
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Protected Areas in the United States

USGS Protected Area Database 4.0
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Private Land Dominance
● ~60% of US land (1.4 billion acres) is privately owned
● Private landowners manage:

○ 90% of U.S. cropland
○ 70% of forest-use land
○ 66% of grassland/pasture

Guerin, 2015; Driftless Area 
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Land Conservation: trade-offs
● System bias: Policy and markets favor production over habitat.
● Core trade-off: Food and income vs. biodiversity and ecosystem health.

Source: KSJB AM 2022
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Parcels are individual records of land ownership

Five Parcels,
All owned
by the
Dennis Trust
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Together, all parcels owned by the same landowner 
become a Property

Five Parcels,
One Property
Owned
by the
Dennis Trust

10



Chapter 1: From parcels to properties 
Matching attributes and boundaries of tax records 
across the United States

In Review at 
Nature 
Scientific Data!!!!
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Using owner name and mailing address
To create entities

Chapter 1 12



Parcels & Properties & Holdings (locations may be different)

Chapter 1

Property HoldingParcel
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Parcels to Properties Pipeline

Chapter 1

Parcel Source – Regrid.com

● 150 million+ parcels in the US
● Entity Matching ← Data science
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Results from paper summaries of #s
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Example: Are property owners local or absentee?

Chapter 1

● Light Purple = Most 
Property owners are LOCAL

● Dark Purple = Most 
Property owners are 
ABSENTEE
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Why such rectangle?

Context 17



Private property rights are strong with this one

John Locke 1632-1704, UK

The right to land and resources gained 
through one’s labor — were a natural 
right of all men. 

Thomas Jefferson 1743-1826, VA

Public Land Survey System
● Document land taken
● Sell land & raise money for war debt
● Collect taxes $$$$$

Land Surveyor
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PLSS Grid —> Parcel Data

Public Land Survey System grid layout

1800’s surveyor map Present-day parcel data (Wisconsin, 
State cartographer’s office)
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Chapter 2: Property-Level Conservation
Natural Land Protection 
on Private Lands in the Rural Midwest
● What property traits are associated with the presence and extent of 

conserved natural land on rural private properties in the Midwest?
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Why the Midwest?
● Diverse agroecological systems:

○ Northern Plains: 51% cropland, 41% 
pasture
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Why the Midwest?
● Diverse agroecological systems:

○ Northern Plains: 51% cropland, 41% 
pasture

○ Lake States: 42% forest-use land
○ Corn Belt: 54% cropland

● Overwhelmingly privately owned (<5% 
federal lands)

● Ideal setting to examine conservation 
across ownership types and land uses
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Conservation Pathway # 1: Formal
 ● Formally enrolled land

○ Voluntary programs
■  balancing private property rights 

& conservation goals
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Conservation Pathway # 1: Formal
 

● Formally enrolled land

Chapter 2 27



The Conservation Reserve Program: 
USDA Working Lands Conservation
 

● Formally enrolled land
○ Conservation Reserve Program (CRP)

■ Working lands program
■ Convert sensitive land out of cropland and 

into vegetative cover
■ 10-15 year contracts

● Annual rental payments
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Conservation Easements
 

● Formally enrolled land
○ Conservation Easements

■ Permanent legal restrictions
■ One-time compensation or tax benefits
■ Landowners work with groups like the Nature 

Conservancy, NRCS
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Conservation Pathway #2: Informal
● Informal (conserved?) natural land cover

○ Stewardship decisions, intentional or incidental
○ Remnant vegetation, field edges, shelterbelts, riparian buffers, 

grasslands, grazing land, wetlands, woodlots
○ Also referred to as:

■ Semi-natural
■ Land-sparing
■ Marginal
■ Unused
■ Non-crop

Corn

Forest

Prairie
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Research Gap
● Existing research focuses on individual programs or small case studies
● Unit of analysis: 

○ Isolated parcel data obscures decision making
○ Census tracts, county level are coarse
○ Pixel data lacks socioeconomic context

● With property data >> full portfolio of cultivated land, formally conserved, 
informally conserved
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Sample: Rural, Private Midwest
● First regional analysis integrating formal + informal conservation

○ Excludes urban areas
○ Excludes Gap 1-3 Protected Areas besides conservation easements

● 7.5 million rural private properties
○ 414 million acres in the Midwest

Chapter 2 32



Data Sources
● Outcome Unit: Property boundaries I created from Regrid parcel data (2024)
● CRP enrollment polygons: USDA FSA (2023) *via Tyler Lark!
● Conservation easements polygons: USGS PAD-US 4.0
● Land cover: USDA Cropland Data Layer (10m resolution)

● Informal natural land = natural land not in a formally enrolled program 
(spatially explicit subtraction)
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What is correlated with Informal Natural Land?
Economic, Biophysical, Geographic, Ownership 
predictors 
● 17 property characteristics
1. Economic: Trade-offs, incentives, pressures
2. Land Characteristics: Biophysical constraints
3. Geography: Landscape context 
4. Ownership: Structure
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Chapter 2

Variables (1/4): Economics
Variable Description

Land Value Estimated fair market value of the land

Subsidies Does the property receive any disaster relief or 
commodity subsidies from the FSA?

CRP Rental Rate Maximum rate receive if property has CRP 
otherwise county average

Formal Conservation Is there any formally conserved land on the 
property (CRP or CEs)

Organic Farm Is there an organic farm on the property
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Chapter 2

Variables (2/4): Land
Variable Description

Corn/Soy Share Amount of property that is corn or soy

Crop Diversity The number of distinct crops (not just row 
crops) cultivated within the property 

Mean Slope The mean slope of the property

Irrigated Share Amount of property that is irrigated

Soil Productivity (NCCPI) Inherent capacity of soils to produce dryland 
commodity crops
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Chapter 2

Variables (3/4): Geographic

Variable Description

Distance to closest formal practice Distance from property centroid to closest 
formal conservation practice centroid not on 
the same property. 

Distance to closest urban area or place Distance to closest census-designated urban 
area/place.
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Variables (4/4): Ownership

Chapter 2

Variable Description

Property Size Size of the property

Holding Dispersion Longest distance between vertices of all 
parcels within holding property belongs to

Localness (0=absentee, 1 = local) Average localness of the owner mailing 
addresses within the property (weighted by 
parcel area)

Owner is an Organization Likely owner type is an organization (LLC, Inc, 
Farm)
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Methods: Summaries & Regressions

● Normalized differences (compare properties)
● Presence models (binary logit)
● Extent models (OLS, beta regression)

○ For the Midwest
○ Heterogeneity Analyses:

■ By State
■ By forest, grassland, wetland
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Scale of Informal Natural Land
● Informal Natural Land: 195.5M acres (48% of all rural MW)

○ 4.9M properties contain at least 1 acre of informal natural land
○ Grassland: 113M acres (58% of informal)
○ Forest: 59.6M acres (31%)
○ Wetland: 19.5M acres (10%)

● Formal Conservation: 13.6M acres (3.3%)
○ 4% of properties enrolled in formal programs

■ CRP: 10.7M acres
■ Easements: 3.1M acres
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Conservation Land by Acreage
● Informal Natural Land: 195.5M acres (48% of all rural MW)
● Formal Conservation: 13.6M acres (3.3%)
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Private Rural MW Properties are on average 66% informal natural land
● Variation by State
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● I did a lot
● I will highlight the results I’m discussing
● Will be focusing in informal natural land, not formal           

(see paper if interested)
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Properties with and without at least 1 acre of informal natural land

Chapter 2

Comparing variables with 
Normalized Differences
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Chapter 2

Positive normalized diff = attribute is HIGHER 
in properties with informal natural land
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Chapter 2

Variables that are substantially different (diff > 0.1)
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Chapter 2

Variables that are substantially different (diff > 0.1)

Negative = 
is higher in 
properties 
without 
informal natural 
land

47



Chapter 2 48



Chapter 2

Variables that are substantially different (diff > 0.1)

Positive = 
is higher in 
properties 
with 
informal natural 
land
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● Normalized differences (compare properties)
● Regression: Put those variables in conversation with each other
● Presence: Does property have conservation?
● Extent: How much land is conserved?

○ Percentage of Property

Chapter 2

Methods: Summaries & Regressions
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For regressions, variables standardized for comparability

● Variables have different units (acres, dollars, percentages etc)
○ Hard to compare

● Variables were standardized to be comparable
○ Continuous ~ mean 0, SD 1

■ Interpret coefficients as one-SD change
○ Binary stays 0/1

■ Interpret as a 0 to 1 change

Chapter 2 51

What is correlated with the presence and extent of at least one acre 
of informal natural land?



Starting with the Presence of at least 1 acre of informal natural land
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Chapter 2

Positively 
predicts 
presence

Property Size
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Property size is skewed (lots of small ones)

● Well documented that there are many many small farms 
● Same is true for properties
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Property size is skewed (lots of small ones)  
so I log transform it in the models (ln)

Chapter 2

Small properties 
(urban, 
residential)
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Chapter 2

Positively 
predicts 
presence
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Localness 
0=absentee, 1= local

Localness



Chapter 2

Positively 
predicts 
presence
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Mean Slope

Localness



Chapter 2

Negatively 
predicts 
presence
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Corn/Soy share

Localness



Chapter 2

Negatively 
predicts 
presence
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CRP Rental Rate

Localness



Chapter 2

Negatively 
predicts 
presence
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Organizations, 
irrigation, land value, 
# of crops

Localness



Chapter 2 61

Property Size
Localness
Mean Slope

Share Corn/Soy
CRP Rental Rate
Irrigation
Land Value
# Crops

Predicting Presence



Of properties with at least 1 acre of natural land, what predicts 
the extent of that land?

Chapter 2

● Percentage of property
● Conditional on already having some
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Chapter 2

Positively 
predicts extent
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Property Size

Localness



Chapter 2

Positively 
predicts extent
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Organic Farm Presence

Localness



Chapter 2

Positively 
predicts extent
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Mean Slope

Localness



Chapter 2

Negatively 
predicts extent
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Corn/Soy Share

Localness



Chapter 2

Negatively 
predicts extent
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Presence of Formal 
Conservation

Localness



Chapter 2

Negatively 
predicts extent
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Number of Crops

Localness



Chapter 2

Negatively 
predicts extent
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Orgs, Irrigation, Soil 
Productivity, Holding Size

Localness
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Predicting Extent

Property Size
Organic Farm present
Mean Slope

Share Corn/Soy
Formal Conservation
Irrigation
Land Value
# Crops
Soil Productivity
Holding Size



Property size: positive relationship with informal natural land

Presence: +43.8 points (HUGE!) 

Extent: +6.8 points (modest)

● Having vs Dedicating
○ Larger properties → more likely to have ≥1 acre of natural land
○ Among properties with natural land, size → only modest gains in natural 

land share
● Scale

○ Larger landholders can balance production and conservation
○ Smaller properties may have to prioritize one use.
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Informally Protected Natural Land: 
Embedded in Land Constraints

Physical constraints (soil, slope, irrigation) associated with patterns more than economics

Productive soils → small patches; marginal soils → large shares

Corn/soy and irrigation strong negative predictor

Organic farming shows minimal associations

Habitat concentrates where farming is least viable
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Heterogeneity by State
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Heterogeneity by State

Chapter 2 75

Localness

Localness



Property size – positive but depends on state

● Property size: Strongest predictor everywhere (β = 0.21-0.54 for presence)
○ Largest magnitudes: Michigan, Indiana, Ohio
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Those states are smaller on average
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Formal conservation presence – Negatively predicts 
informal extent especially in Nebraska and Missouri
● Formal conservation relationship with informal extent: Most negative in MO (β = -0.27), 

NE (β = -0.24)
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Chapter 2

Nebraska – way more irrigation
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Local Ownership: Positive in Northern Plains

● Local ownership: Positive in Northern Plains
● Negative/not significant in East

Chapter 2 80
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Heterogeneity by Natural Cover Type
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Informal Natural Land Distribution
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Chapter 2

More Local → More Grass
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More Productive Soils → More Grass

Localness



Chapter 2

Steeper Slopes → More Forest
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Chapter 2

Organic Farm → More grass
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Localness
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Organic Farm → More grass

Localness



Different Land Cover Types Need 
Different Conservation Approaches
● Forests: Persist on steep, less productive land; may have amenity/timber value
● Grasslands: Associated with extensive grazing and local ownership
● Wetlands: Most constrained by topography; weaker management associations

● Uniform conservation policies can't effectively address ecological and economic 
heterogeneity across cover types

Chapter 2 88



The Vast Extent of Private Lands Conservation
● 195 million acres of informal natural land
● Regional complexity matters

○ North Dakota ≠ Ohio
● Structural vulnerability…stability?
● Formal programs get attention & funding

● Path forward
○ Understand what exists, who maintains it, what threatens it
○ Support existing stewardship alongside formal programs

Chapter 2 89



Research Agenda – Now to the PhD!!

● National assessment: How does informal natural land vary across regions?
● Causal analysis: How does it respond to price changes, policy shifts?
● Landowner interviews: What drives decision-making?
● Ecological value: Biodiversity, carbon, water quality, connectivity
● Urban/suburban: Lawns, gardens, residential properties

○ NAIP imagery, machine learning

The Future 90
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Thank you!!!!!!!!
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