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Abstract

A large share of American land conservation happens on privately
owned land protected through conservation easements, where a landowner
receives tax incentives in exchange for permanently donating the right to
develop their land. In Virginia, measuring environmental value with a
state-constructed ranking of conservation priority shows that the qual-
ity distribution of easements is wide, despite the state’s large tax in-
centives and strong checks on easement fraud. The quality distribution
of easements approximates the distribution of unconserved undeveloped
land statewide and is much lower than that of publicly owned conserva-
tion land. A difference-in-difference analysis around a 2002 tax reform
finds that increasing tax incentives attract donations of lower quality,
particularly in regards to agricultural land. I use these results to build a
model of conservation easement supply. Compared to a universal increase
in conservation subsidies, offering increased tax incentives only to land
with medium or high environmental value could substantially increase
the amount of high-quality land conserved at a cost of 1.18 acres of low
quality land per acre of medium to high quality land. Comparisons to a
model with constant marginal quality show that ignoring the changes in
marginal quality can lead to overestimates of the environmental benefits
of any tax subsidy increase. The no-selection model overestimates the
very high quality acres conserved by a nontargeted subsidy increase by
75% and by a targeted subsidy increase by 35%.
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1 Introduction

Much of the United States’ conservation happens on private land. Conservation
easements, where a landowner retains the right to use and sell their land but
permanently gives up the right to develop it, now protect almost 56 million acres
of land, an area more than eight times the size of Massachusetts (Land Trust
Alliance 2021). The area under private conservation has ballooned in part due
to substantial federal income tax incentives that have been in place since 1976
and expanded in 2006 and 2015 (Elkind 2017; Colinvaux 2012). These federal
tax deductions now cost the government almost as much as the entire National
Park Service (Looney 2017b), and fourteen states offer additional tax breaks
(Land Trust Alliance 2019). Policymakers and conservationists are considering
further expansions to these tax credits to help meet the 30x30 commitment
to conserve 30% of Earth’s land and water by 2030, an ambitious goal shared
by the Biden administration and the 196 signatories of the Kunming-Montreal
Global Biodiversity Framework, which would more than double the share of land
protected compared to 2020 (Convention on Biological Diversity 2022; Gibbens
2021). While the scale of private land conservation in the US is unique, sev-
eral other countries are currently expanding similar projects such as the UK’s
2021 conservation covenant law (Niker 2022) and France’s ”real environmental
obligations” system created through the 2016 Biodiversity Law (Racinska and
Vahtrus 2018).

Advocates support these policies as a way to preserve privately held natural
lands more cheaply than purchasing them. However, these programs’ designs
leave room for land that produces little environmental value to end up perma-
nently protected, possibly at a greater fiscal cost than the environmental benefit
is worth. The size of the tax benefits given for a parcel of land depends on the
development value of the parcel, defined as the difference in a parcel’s market
value with and without the restrictions of an easement. The benefits do not vary
based on the environmental benefits provided by a parcel as long as the parcel
preserves some minimum environmental, historical, or ”open space” benefit and
the donor can find a government or nonprofit land trust willing to accept the
donation (J. Sundberg 2013).

Under this policy, private conservation areas range from pollutant-filtering
wetlands housing endangered species to isolated stands of trees bordering golf
courses. Elkind (2017) and others have documented cases of easements placed
on parcels with low environmental quality but high development value. Qual-
ity greatly matters because the most valuable ecosystems can provide environ-
mental services orders of magnitude more valuable than those of low-quality
areas. For example, Ingraham and Foster (2008) estimates that New England
grasslands in the National Wildlife Refuge system deliver approximately $60 in
combined carbon storage, water quality and regulation, and habitat provision
services per acre per year while wetlands provide $2,670. Even when limit-
ing analysis to water-regulation services provided by riverbanks in the Chesa-
peake Bay watershed, different stretches provide from less than $1,730 to more
than $8,400 in annual value per acre (Phillips and McGee 2016). As such,
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low-quality easements may receive large tax deductions but provide offer little
benefit(Colinvaux 2012). When poorly located, private conservation may even
cause a net loss of environmental value by pushing development away from low
environmental quality land and onto high value parcels. In light of this, numer-
ous experts have recommended investigating the environmental value of private
conservation lands (Colinvaux 2012; Merenlender et al. 2004; Fishburn et al.
2009), but research on this remains scarce.

In this paper, I explore the environmental value of private conservation land
and test the marginal quality of land attracted by increases in tax incentives.
I investigate this in the state of Virginia, which has one of the nation’s largest
conservation easement subsidy programs (J. O. Sundberg 2011) and may serve
as a model for states considering expanded private conservation programs. I
measure environmental value using the Virginia Natural Landscape Assessment
(VaNLA), a detailed set of conservation priority maps made in 2007 by the Vir-
ginia state government. These maps rank land according to its value for meeting
the State of Virginia’s conservation goals for biodiversity, forest conservation,
agricultural preservation, recreation, and water quality. Using these measures of
environmental quality allows this paper to directly test whether private conser-
vation in Virginia is contributing to the state’s established goals for conservation
spending. It also provides a clear metric to compare the contributions of public
and private conservation.

This paper’s first contribution is to establish some basic and previously un-
examined empirical facts about the environmental value of private conservation
parcels. I find that the conservation priority of private conservation land in
Virginia is lower than that of state-owned conservation lands, and, strikingly,
almost indistinguishable from the distribution of unconserved undeveloped land
in the state. The estimated development pressure facing private conservation
lands is also similar to the pressure on other undeveloped land. Only the top 40%
of private conservation is similar in quality to public conservation lands. Envi-
ronmental quality varies widely, so considering a policy change’s value requires
considering the particular quality levels of land affected. Private conservation
lands do comply with the easement’s restrictions on development, with pre-2006
easements showing a near-zero change in share of land developed between 2006
and 2016.

This paper also offers a model exploring several reasons why the quality
of land selecting into a private conservation program might change as subsidy
rates change. Using a simple two-period model of the easement donation deci-
sion, I model the donation decision as a product of the landowner’s expected
revenues from developing their land, the tax benefits of an easement, and their
personal utility of keeping their land undeveloped. Landowners with higher
utility from undeveloped land are more willing to donate, and landowners with
higher development values on their land will be more elastic in response to the
price of donation. The impact of a conservation price change on marginal qual-
ity is theoretically ambiguous. If the utility of nondevelopment correlates with
environmental value, such as if landowners enjoy healthy habitats more than
ecologically degraded ones, the lands donated when subsidies are large may be
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less valuable than those donated when subsidies are small. Conversely, if higher
environmental value lands tend to have higher development values, policymakers
may need higher subsidies to attract land with higher environmental value.

My model is unique in focusing on the donors’ decision above the land trusts’.
Past theoretical work has noted that land trusts are likely to lower their stan-
dards as donation incentives increase: Vercammen (2019)’s theoretical work
on easements hypothesizes that land trusts that purchase easements may cre-
ate marginal quality shifts by changing their decision to purchase or donate
easements, and Suter, Sahan, and Lynne (2014) finds evidence suggesting land
trusts spend less on targeting priority areas when subsidies increase. Virginia
land trusts seem to do only marginal screening in my sample: all large land
trusts accept donations with a wide quality range, and controlling for land trust
fixed effects in my regression does not change the results. This means that the
quality of land under easement largely depends on which landowners are willing
to donate. The 2002 policy shift that changes incentives for donors rather than
for land trusts shows significant effects on those landowner’s marginal decisions.

I further find that in the Virginia setting, the marginal easements attracted
by a tax incentive change are lower quality than the always-donated easements,
particularly in terms of agricultural value. For each donated easement, I es-
timate the landowner’s post-tax ”donation price,” the share of a landowner’s
donated development value for which the tax incentives will not compensate
them. I then examine the effects of a 2002 reform to the conservation easement
program that differentially shifted the donation price by development value
and donor income, increasing support for easements on high development value
parcels and reducing support for low development value parcels. I run a re-
gression interacting the expected impact of the 2002 reform on donation price
and whether the parcel was donated pre- or post-reform. This shows that the
environmental value rankings of parcels that became cheaper for landowners to
donate fell relative to parcels with higher donation prices, indicating that the
marginal parcels are of lower quality. The lower marginal agricultural scores
can largely be explained by the inverse correlation between conservation and
development value: high development value agricultural parcels, which are more
elastic to shifts in the subsidy rate, tend to have lower conservation value.

Past research has found that the total acreage of private conservation dona-
tions responds strongly to the post-tax price of donating (Soppelsa 2017), with
Parker and Thurman (2018) estimating an acreage elasticity of -2.4 to -6.1. I
find a slightly smaller but similar acreage elasticity of -1.8, and I add a new qual-
ity elasticity to complement it. By allowing the marginal quality of land to shift
as tax incentives change, this paper lowers our estimation of the environmental
benefits of a tax incentive increase compared to the pure-acreage estimation.
A modeling exercise shows that a constant quality model of Virginia private
conservation land would have overestimated the increase in very high-quality
acreage from large donations by 75% compared to a model allowing variation
in marginal quality.

This shift adds a new angle to the literature on selection into private con-
servation programs. Research on such programs often finds adverse selection in
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terms of additionality, the behavior change induced by a program (Jack and Jay-
achandran 2019; Alix-Garcia, Shapiro, and K. R. E. Sims 2012), which results
in low estimated overall additionality of many voluntary conservation programs
(Braza 2017; Honey-Rosés, Baylis, and Ramı́rez 2011). This additionality prob-
lem usually becomes less severe as programs expand and attract more additional
land. Conversely, I find that the selection problem in terms of environmental
quality may worsen as more landowners join. This effect lowers the optimal
subsidy rate for private conservation as policymakers use the subsidy rate to
screen out undesirable donations.

If policymakers wish to expand private conservation incentives to meet the
30x30 acreage goals, this result suggests they should consider building in checks
against donations of lower-quality land. My model estimates that targeted
same-cost policy offering increased subsidies only to medium-to-high quality
land could increase conservation of these higher quality acres at a cost of 1.18
low-quality acres per medium-to-high quality acre. A program targeting only
high-quality land could have conserved at least ten thousand more acres of
high-quality land per year at a cost of 1.61 low- or medium-quality acres per
high-quality acre. Given the high variation in per-acre environmental services,
many land use planners would consider this a very worthwhile tradeoff.

I also contribute to the literature on optimal tax deductions for charitable
donations. With the goal of inducing donations of private funds towards creat-
ing social goods, the US and many other developed countries give substantial
tax incentives for charitable donations. In 2020, the charitable donation tax de-
duction cost the IRS an estimated $44.4 billion (Tax Policy Center 2022). Saez
(2004)’s key framework notes that this policy is only treasury efficient if a dollar
in reduced tax revenue increases donations by more than a dollar. Many authors
have explored the elasticity of donations in response to the post-tax price of do-
nation, finding an elasticity of -1.44 on average (Peloza and Steel 2005), though
it varies considerably between types of charities (Duquette 2016). I join a newer
strand of this literature that explores how effectively these marginal donations
translate into social value. Grant and Langpap (2022) find that despite the
high donation elasticity of water-focused-charity donations, the lower marginal
benefits of charitable donations compared to public spending make donation
incentives inefficient at creating water quality improvements. Galle (2015) esti-
mates that fundraising spending is elastic to the tax incentive rate, reducing the
social good provided by the increase in donations. This paper shows another
way in which the marginal donations attracted by tax subsidies may produce
less social value, in this case by attracting lower environmental quality land for
preservation. In the optimal taxation framework, this effect lowers the optimal
size of subsidies for easements.

This paper proceeds with Section 2 describing the setting and data. Sec-
tion 3 presents a model for the supply of private conservation land. Section 4
describes some empirical facts comparing private and public conservation land.
Section 5 discusses the empirical methodology for the difference-in-difference
analysis of the effect of changing the cost of donation, and Section 6 shows
the results. Section 7 estimates the effect of same-cost but targeted easement
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policies. Section 8 presents robustness checks, and Section 9 concludes.

2 Data and Setting

2.1 Setting

Conservation easements have been part of the conservation landscape in the
United States since the 1970s. Conservation easements add permanent restric-
tions to a land deed, with a land trust such as a government agency or nonprofit
holding the development rights that the landowner relinquishes. Conservation
easements let landowners continue current land uses such as agriculture or keep-
ing a residence that are compatible with the environmental value to be protected,
but prevent further development by any current or future landowner. Earlier
common law allowed landowners to sell partial land rights allowing someone to
build on, mine, or pass through their land, but the courts rarely upheld con-
tracts where a landowner sold partial rights to prevent an action instead. The
growing environmental movement of the 1970s, looking for new tools to protect
vulnerable land, pushed successfully for states to pass laws making easements
for non-development legally enforceable. These laws gave land trusts the re-
sponsibility for enforcing the terms of easements that they accepted. If the
easement terms were violated, the land trust could take the landowner to court
to correct the violation.

Easement policy then took a further step from legalization to subsidization.
In 1976, the federal government made conservation easements deductible as
charitable donations (Parker and Thurman 2019). Federal legislation set the
amount deductible as the development value forgone by putting the land under
easement. Since then, fourteen states have also established tax incentive pro-
grams for private conservation, most of which were introduced in the 1990s and
2000s (Land Trust Alliance 2019).

Virginia’s conservation easement incentive program is particularly large. The
Virginia Land Conservation Incentives Act of 19991 allowed taxpayers to claim
tax credits worth up to 50% of the fair market value of an easement donation.
Taxpayers could use these tax credits to reduce their tax liability one-for-one,
claiming up to $75,000 in credits per year, and they could spread use of these
credits over the decade after the initial donation.

However, these tax credits could not be used to reduce liability below zero,
and any credits not used within ten years would expire. Donors with high de-
velopment value parcels or small incomes might be able to claim only a fraction
of the tax benefits that the development value of the land made them eligible
for. Policymakers were concerned that this discouraged large donations and dis-
advantaged low-income donors, so in July 2002 the Virginia house passed Bill
1322 raising the cap on annual credit usage to $100,000 and specifying that all
easements made after January 1st 2002 would be allowed to transfer tax credits
to other taxpayers. This sales process requires paying a 2% transfer fee to the

1https://law.lis.virginia.gov/vacodefull/title58.1/chapter3/article20.1/
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Department of Conservation, and a wave of private brokers entered the market
to help facilitate matching buyers and sellers of credits for a further fee. At
present, at least 6 brokers searchable online handle these transactions. Sale val-
ues range, but donors typically receive 70 to 80 cents per dollar of credit after
discounting and fees.2 At the same time, Bill 1322 reduced the claimable credits
for a parcel from 50% to 40% of the development value. This meant that donors
with small easements and high incomes, who could use all of their credits even
without the sale option, faced a higher price of conservation after the reform.

The Virginia private conservation program also notably includes some pro-
visions to check against fraud. Nationally, fraud is a serious concern in conser-
vation easements. Unscrupulous easement donors hire land assessors to dramat-
ically inflate the expected development value of the land, allowing the donor to
claim tax benefits that may be far larger even than the fair purchase price of the
parcel. This is particularly common in syndicated easements where a group of
wealthy individuals with substantial tax liability join together to buy a parcel
and get easement tax benefits. In one such transaction, investors purchased a
South Carolina golf course for $5.4 million, and then claimed a disproportionate
$40 million in tax deductions from placing an easement on the parcel (Elkind
2017). As a result, syndicated conservation easements are on the IRS’s ”Dirty
Dozen” list of frequently abused transactions. Fraud is particularly prevalent
in states like Florida, South Carolina, and Georgia, the ”’Southeast Triangle’
in which federal income tax liabilities mysteriously disappear” (Feld, T. Sims,
and Nielson 2022), which created state-level incentive programs but did not im-
prove enforcement. This concentration of fraud is visible in the national credit
use statistics: Georgia has 1.5% of private conservation acreage nationally, but
Georgia landowners claimed 36% of federal deductions (Looney 2017a).

Experts have suggested several common-sense measures to reduce fraud such
as increasing IRS enforcement funding, requiring land trusts to report the de-
velopment value of easement donations they accept, and establishing panels to
evaluate high development value easement donations (Feld, T. Sims, and Nielson
2022). Virginia’s state credit program built in some such checks: all easement
donations must send in a full application to the Virginia Tax Bureau for approval
of development valuations, and donations claiming development values of over
$1 million must also apply to the Department of Conservation and Recreation to
prove that the easement restrictions will effectively protect at least one environ-
mental value on the land. According to the DCR’s annual reports to the Virginia
legislature, the DCR requests revisions of easement terms in approximately half
of applications. By proactively monitoring valuations and restrictions, Virginia
seems to prevent the abuse seen elsewhere. Virginia has 7% of the nation’s acres
under private conservation, but claims only 4% of deductions, suggesting it is
not a center for overinflated land values (Looney 2017a). This makes Virginia a
good setting to analyze the effect of shifts in incentives since the amount of tax
incentives landowners are legally allowed to claim and the amount they actually

2Land Conservation Assistance Network, https://www.landcan.org/article/Buying-and-
Selling-Virginia-Tax-Credits/2545
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claim should closely align. It also makes the state a potential model for other
areas considering expanding easement incentives.

Private conservation has come to dominate Virginia’s conservation spending
strategy. $1.7 billion of Virginia’s $1.8 billion spent on land conservation over
the last 20 years has gone to easement tax credits (Vogelsong 2021), protecting
1.07 million acres of land over that time period according to the NCED. Each
acre protected therefore cost the state of Virgina approximately $1600 in tax
incentives, not including the substantial federal incentives and local property
tax incentives. Since public purchases of conservation land have become so
rare, Virginia landowners largely choose between easements and no binding
conservation.

2.2 Conservation Priority Data

I measure environmental quality of land using the 2007 Virginia Conservation
Lands Need Assessment (VaNLA). Commissioned by the Virginia Department
of Conservation and Recreation (DCR), VaNLA was a green infrastructure map-
ping project designed to rank the conservation value of all the lands in Virginia
along several dimensions that are key goals for Virginia’s land conservation pro-
grams. The maps separately rank land from one to five on ecological integrity,
watershed value, recreational value, forest value, and agricultural value. Loca-
tions that have a rank of 5 for a metric are assigned an ”outstanding” environ-
mental value and are highest priority for conservation, while areas with a 2 have
moderate value and 1 has only a general value. Since the VCLNA was created
for the state to prioritize purchases of land and to measure progress towards
conservation goals, it is a useful measure of the extent to which the private
conservation tax breaks have achieved Virginia policymakers’ own targets.

The ecological integrity metric is designed to prioritize land that makes the
greatest contribution to preserving biodiversity in Virginia. Recognizing that
species benefit most from large and connected patches of preserved habitat
(Haddad et al. 2015), VaNLA uses satellite-derived land cover data to identify
cores of intact habitat and corridors that connect them. The ranking system
then uses results from DCR ecologist’s past mapping exercises to prioritize cores
and corridors that are large and compact, that overlap with the ranges of en-
dangered species, that have diverse terrain likely to host a range of species, and
that have wetlands and interior streams.

The DCR’s watershed integrity metric highlights locations that make a valu-
able contribution to water quality in Virginia. Driven by ecologists’ models of
runoff, the ranking system awards priority points based on proximity to drink-
ing water sources, proximity to rivers and streams, slope steepness and therefore
erosion risk, health and biological diversity of nearby waters, and health of ter-
restrial habitat.

The forest value map denotes land that the state of Virginia believes create
the most value as forests, taking into account both tax revenues from wood
production and the aesthetic and cultural value of preserving continuous and
healthy forested cover. For lands with current forest cover, the forest layer
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prioritizes areas with high soil productivity and that are part of areas that
produce high value timber. It also gives higher rank to areas that incorporate
wetland and riparian features and that are part of natural heritage resource
areas or continuous forests.

The agricultural value metric looks to protect historic farmland and high
productivity agricultural land on the basis that the presence of agricultural land
supplies air quality, scenery, agricultural products, and cultural resources. For
areas currently used as agricultural land, the agricultural value index was based
80% on the likelihood of prime farmland as calculated from soil type, land cover,
and elevation maps and 20% on the presence of culturally significant agricultural
resources (usually historic farms) as designated by the Virginia Department of
Historical Resources.

The recreational score encourages protecting lands that are useful for hiking,
boating, birding, hunting, or other recreational sources, and gives greater weight
to areas that are accessible from major population centers. Using maps of recre-
ational locations from the Virginia Department of Game and Inland Fisheries,
the index gives 1 point for each recreational use possible in the location.

These measures naturally have some limitations. They do not necessarily
include all environmental benefits that the land creates. In addition, these
measures also do not translate well to a dollar value, or even offer a clear ratio
of benefits across different rankings. However, these limitations are common
to most attempts at multidimensional environmental value estimations, and
VaNLA includes the major environmental values most important to Virginia
policymakers. Creating a clear monetary estimate would require detailed value
estimates of traits like biodiversity, which is something that economists are only
beginning to quantify. I accommodate this uncertainty by analyzing quality
both in individual variables and indices.

As part of the VaNLA exercise, the state also mapped created a model
of development risk statewide. This model is designed to highlight locations
with the greatest development pressure. Using satellite and census measures,
they calculate housing growth and imperviousness growth from 1990 to 2000
to find development ”hot spot” census tracts that have seen the most growth.
They then calculate development risk as a function of road commuting times
to the nearest such hot spot. They reduce their estimated development risk
in areas that would be difficult to develop, such as parcels with steep slopes.
The model outputs a 1-8 scale of development pressure, where 8 is at greatest
risk of development. I use this score separately from the environmental value
scores to test the extent to which conservation is targeting land at immediate
development risk.

I also use a set of mapped measures discussed in Appendix A to measure
other traits of the land such as its value in current use, development risk, local
demographics, land use, weather, and soil quality. I explore land use, develop-
ment risk, and area demographics as outcome variables, and I use those variables
and the others as inputs to my development value estimation model.

9



2.3 Easements and Conserved Lands

I locate private conservation lands using the National Conservation Easement
Database (NCED). The NCED gathers voluntary data from land trusts on the
locations, purposes, and date of establishments of easements. The NCED esti-
mates that their database contains all government-held easements in the state
of Virginia and 88% of nonprofit-held easements. Since government organiza-
tions hold 82% of all easements in Virginia, this amounts to 98% of total private
conservation acres and makes Virginia one of the most complete states in the
NCED.

The NCED contains data on 6,816 Virginia land parcels under private con-
servation. 94% have listed easement establishment dates. Of those, 2,473 ease-
ments were established between 1998 and 2006, placing them in my central
period for analysis. This period marked a dramatic increase in private conser-
vation following the establishment of the Virginia tax credit program. Before
this data, only 1,022 easements had been established in the state, with 20 to 60
easements established a year since the 1970s.

To map the locations of public conservation lands in the state of Virginia, I
use the Virginia DCR’s Virginia Conservation Lands Database. This database
tracks state, federal, and local government preserved lands in the state. These
lands include 2.3 million acres of federally owned land, 430 thousand acres of
state owned land, and 47 thousand acres of locally owned land. I also make
use of the statewide set of tax parcels on the Virginia Department of Trans-
portation’s Virginia Parcels map. I use this to create an comparison group
of unconserved land, and to test the number and completeness of tax parcel
coverage by individual easements.

3 Model

Conservation easement policy has a central contradiction. While the policy
seeks to correct an externality created when landowners develop land with high
environmental quality, the incentives given to landowners are tied to develop-
ment value, the value of preserving the option to develop. I use a simplified
two-period model to illustrate this tension. The policymaker wants to attract
parcels for private conservation that have high environmental benefits and would
have developed in absence of an easement.

From an economist’s perspective the potential solutions to this externality
might seem obvious: pay or charge landowners according to the amount of en-
vironmental value they protect or destroy. However, several factors prevent this
option from being implementable. First, pinning down the exact amount of
environmental value a parcel provides is extremely difficult. In the past, there
were few good estimates of where environmental value was even concentrated.
In recent decades, helped by the growth of remote sensing, many researchers
have contributed to a rich literature trying to estimate the value of every en-
vironmental service from water management to biodiversity to birdwatching.
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Nonetheless, these exact value estimates remain contentious and incomplete.
Therefore, conservation easement policy has gravitated towards using quality
thresholds for eligibility instead: policymakers can choose some objective and
attainable measurement or ranking to decide whether or not a parcel meets the
criteria for a program. The VaNLA project itself shows why policymakers prefer
this method. While the scientists who created it do not have an exact benefit
ratio between any two tiers of VaNLA priority, they have confidence that the
higher tiers held more environmental value per acre than the lower ones.

While environmental value is hard to measure, our legal system already has a
clear structure to measure development value. In most places, assessors already
assess land and property values for local taxes. Assessing the development value
just requires an additional step of separating the value of the development option
from the land’s value in its current use. Fraudulent assessments can distort these
measures, but active enforcement bodies like the Virginia Department of Tax
can detect and correct these overvaluations if they significantly differ from the
best practice approach. Using development value as a basis for incentives was
a particularly natural policy move because it makes easements legally similar
to other charitable donation tax incentives, where a taxpayer receives the same
incentive for donating to any nonprofit as long as the nonprofit meets the IRS’s
criteria for tax exemption.

The policymaker is therefore constrained to an incentive program where the
government allows all landowners who meet an environmental quality level to
get a tax subsidy that is a share of the land’s development value in exchange for
donating an easement. This policy format creates several inefficiencies. Attract-
ing land at high risk of development requires higher subsidy rates to balance
the benefits of development for landowners. However, higher incentive rates
may also attract landowners with lower intrinsic utility from preserving their
land. If that utility of conservation correlates with the environmental quality –
if owners of high biodiversity forests or historic farms get more utility from con-
servation than landowners with fragmented habitat strips alongside golf courses
or low-productivity plots – increasing incentives will attract lower environmen-
tal quality donations. In addition, higher development value parcels will be
more elastic to changes in the development value subsidy, potentially leading
to lower marginal quality of easements if development and environmental value
are inversely correlated. In setting the subsidy rate, the policymaker therefore
needs to balance the costs of inframarginal payments and lower quality ease-
ments against the benefits of additional acreage and lower development risk
land.

To illustrate this challenge, I use a single-period game between a policymaker
and landowners. The policymaker moves first. They choose a conservation
easement subsidy rate as a share of environmental value and an environmental
quality threshold for easement subsidies. The landowner then chooses whether
to donate an easement and then, if not restricted by an easement, whether
to develop their land. Society then receives benefits from tax revenues and
the environmental quality of undeveloped land, while the landowner receives
revenues from their land, subsidies from easements, and a warm glow utility if
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the land remains undeveloped.

3.1 The Landowner’s Decision

In this model, landowners derive utility from two sources: the income the
landowner receives from their developed and undeveloped land, and a warm
glow utility that landowners may receive from undeveloped land. In absence of
a conservation policy, landowner i’s utility function is:

U =

{
a(1− τ)vdi if developed

a(1− τ)vui + aui if undeveloped
(1)

where a is their land parcel’s acreage, τ is the tax rate on income, ui is the
landowner’s private utility from undeveloped land, and vdi and vui are the revenue
per acre a landowner receives if they develop or do not develop respectively.
Vi ≡ vdi − vui is the development value of the land. This land also provides an
environmental externality ei per acre if undeveloped and 0 if developed. This
value does not directly enter the landowner’s utility function.

If the landowner chooses not to develop, they effectively pay a monetary
price a(1− τ)Vi in exchange for aui in utility of keeping the land undeveloped.
This social benefit of conserving will be higher than this monetary price if
ei > τVi, so the policymaker may choose to offer some landowners an easement
tax incentive. The policymaker chooses a quality floor emin and a subsidy rate s.
If a landowner places an easement on a parcel with ei > emin, they receive a tax
incentive worth saVi. The easement binds the landowner to nondevelopment,
so the landowner’s utility function becomes

U =

{
a(1− τ)vdi if developed

a(1− τ)vui + saVi + aui if undeveloped
(2)

So the landowner, who previously would have left land undeveloped only if
(1 − τ)Vi < ui, now keeps land undeveloped (and under easement) so long as
(1−τ−s)Vi < ui. The price of conservation p, defined as the post-tax monetary
loss per dollar of development value kept in conservation, lowers from 1− τ to
1− τ − s. The landowner donates an easement if:

p < pi(ui, vi) ≡
ui

Vi
(3)

The landowner’s maximum price of conservation at which they are willing to
conserve is decreasing in ui: landowners who get greater personal satisfaction
from keeping their land undeveloped are willing to pay more to protect it. On
the other hand, increases in the development value Vi mean the landowner will
demand a lower price to conserve, since they are giving up more development
value.

The correlation between ei and pi that creates the quality shift seen in my
results could come through two potential channels in this model: a relationship
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between ei and ui, or a relationship between ei and Vi. In the first category,
we might expect that higher environmental value is correlated with higher con-
servation utility for the landowner. A healthier, more environmentally valuable
ecosystem may offer more psychological benefits from exposure (Wyles et al.
2019), better opportunities for outdoor recreation like hunting or birdwatching,
and perhaps a greater ”warm glow” for playing a role in protecting it. As such,
these landowners need less of a tax incentive to place their land under easement.

In regards to the second channel, the parcels with the greatest environ-
mental value are often located far from the biggest development opportunities.
Development value Vi tends to be highest near urban areas, while the great-
est environmental value often comes from preserving contiguous and relatively
undisturbed habitats more frequently found in rural regions. Table 7 illustrates
that in the Virginia context, ei and Vi are indeed inversely correlated. While
development value distributions alone cannot explain the full effect, this likely
plays a role in Virginia and can be tested for elsewhere.

3.2 Costs and Benefits of Subsidies

Next, I scale up the individual landowners’ decision into a supply curve. In this
model, landowners vary by their values of ui, Vi, and ei. The maximum price pi
at which a landowner will choose to conserve is a function of ui/Vi, the ratio of
a landowner’s private utility of conservation to the value of their development
rights. The total acres landowners are willing to donate then becomes

A(p) = a

∫ 1

p=p

f(p)dp (4)

where f(p) is the probability density function of pi. For simplicity, I set acreage
per parcel a = 1. A(p) denotes the total number of acres upon which landowners
want to place an easement on their land when the conservation price is p, but
some share of that acreage may have e < emin and therefore not qualify for the
easement subsidy. A share of offered acres Pen(p) has quality ei ≥ en for any
value e = en.

To calculate the full environmental benefits of an easement, I also need
to consider the marginal development decision. Some landowners may have
ui/Vi > 1 − τ , meaning they would not choose to develop their land even
without an easement subsidy. These never-developers are referred to in the en-
vironmental literature as ”non-additional:” since they behave the same whether
or not they participate in the easement program, their participation does not
add environmental value. For these non-additional landowners, pi ≥ 1−τ : they
will always choose to place their land under easement even without a subsidy.
Therefore in this model, A(1 − τ) acres of prospective donations are nonaddi-
tional, and A(p)−A(1− τ) acres are additional.

This entry of low-additionality easements into the program is consistent with
the broader literature on selection into voluntary conservation programs (Jack
and Jayachandran 2019; Alix-Garcia, Shapiro, and K. R. E. Sims 2012; Ver-
cammen 2019), where the landowners with the least interest in developing their
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land are the most willing to join a program. My model creates steeper adverse
selection than seen in empirical examples because I do not include dynamic un-
certainty around development opportunities or transaction costs. When there
is uncertainty around development opportunities, landowners who had low de-
velopment expectations when they placed an easement may later be forced to
decline a good development offer, making their easement additional.

I choose not to include these complexities in this model because additionality
is difficult to measure and less relevant in my setting. Unlike most kinds of
voluntary conservation, easements lock in land use in perpetuity. They create
permanent reserves of protected land that should remain undeveloped no matter
how future development pressure evolves. Even examining development effects
twenty years later cannot fully tell us the program’s impact. In addition, the
Virginia setting of this paper only compares across subsidy rates that are always
well above zero, so a lack of a selection effect in this range fits with my models
predictions. The total amount of environmental value preserved by easements
given subsidy rate s would therefore be

B(s) = (A(p)−A(1− τ)) ∗ Pemin(p) ∗ E[e|p < pi < 1− τ, ei ≥ emin] (5)

Two factors enter the benefits equations: the additional acres protected
(A(p)−A(1−τ))∗Pemin(p), and the average environmental value per additional
acre E[e|p < pi < 1− τ, ei ≥ emin].

In regards to costs, the policymaker must pay for both additional and non-
additional land, though differently on each. Altogether, the cost is

C(s) =A(p) ∗ Pemin(p) ∗ sE[V |pi > p, ei ≥ emin]

+ (A(p)−A(1− τ)) ∗ Pemin(p) ∗ τE[Vi|p < pi < 1− τ, ei ≥ emin]
(6)

Easement subsidy payments cost sVi for each easement acre regardless of ad-
ditionality. On land that would have developed, the government also loses the
τVi in tax revenue they would have received from development.

3.3 Costs and Benefits of Subsidy Shifts

This model can illustrate how differences in marginal environmental quality can
impact the costs and benefits of changes in easement tax incentives. If the qual-
ity of potential donations declines as the price of donation falls, a naive estimate
ignoring quality effects will overstate the benefits of a subsidy rate increase. It
will also overestimate the program’s costs and total protected acreage if the
program has a higher environmental value floor for eligibility.

As subsidy rates change, the shift in benefits is the derivative of Equation 5:

dB

ds
=−A′(p)Pemin(p)E[e|p, emin]

− (A(p)−A(1− τ))Pemin(p))
dE[e|p, emin]

dp

− (A(p)−A(1− τ))P ′
emin(p)E[e|p, emin]

(7)
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The change in benefits is composed of three key terms: the change in the number
of acres offered, the change in the share of offered acres meeting the environmen-
tal requirement, and the average environmental value. Since the donation price
p = 1− s− τ , an increase in s will cause the price of donation p to decrease. An
estimate with fixed marginal quality considers only the first term, the change
in the number of acres offered, since a lack of quality changes sets P ′

emin(p) = 0

and dE[e|p,emin]
dp = 0. The latter two terms will be negative if marginal quality is

declining. First, declining marginal quality means dE[e|p,emin]
dp > 0. This lowers

the average environmental value preserved per conserved acre as the subsidy for
conservation increases, driving down the overall benefits from a subsidy increase.

Second, P ′
emin(p) > 0 reflects that fewer marginal acres meet the policy’s

required environmental threshold as the price of conservation falls, so more
potential donations will be rejected and fewer acres will be conserved than the
naive estimate expects. This also slows down the growth of costs in response
to a subsidy rate change since fewer marginal acres are eligible for incentives.If
the floor emin is low as in current easement policy, few potential easements
will be disqualified under any subsidy rate, so this term may be unimportant.
However, this will impact evaluation of alternate policies with higher floors for
environmental quality because it slows the growth in acreage and costs at any
specific subsidy rate. If policymakers hope to reach a specific acreage goal
despite declining marginal quality, they will need to set a higher subsidy and
pay a higher marginal cost than they would in the fixed-quality case.

4 Conservation Land Characteristics

In this section I explore the attributes of conservation land in the state of Vir-
ginia, an important step in understanding what value private conservation pro-
grams are producing. I compare private conservation land to public conserved
land and a random sample of 19,000 private unconserved parcels with at least
33% undeveloped land. Public conservation land clusters around the highest
conservation priority scores, as expected. Private conservation land, in contrast,
rates poorly. Private conservation land looks similar in quality to the uncon-
served undeveloped land. It has lower and more variable quality than public
conservation land for every dimension except agricultural value. This variability
in quality leaves room for differences in marginal quality to be important for
valuing the benefits of a policy change.

I also test whether private conservation lands comply to the restrictions on
development and find that land use remains fixed after easements are put in
place, suggesting a high level of compliance to easement terms. The distribu-
tion of development threat level for easements is similar to that of statewide
undeveloped land.
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Figure 1: Quality distribution of public and private conservation lands
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4.1 Conservation Land Environmental Value

First, I plot a cumulative distribution function of environmental quality among
private and public conservation parcels, as well as unconserved undeveloped
parcels statewide. Aside from easements, governments otherwise must buy land
to preserve it in parks or reserves. Since governments must either directly pay
a market price to own land or at least forgo revenues from selling this land to
private landowners, owning land is more expensive for the state than holding
easements. However, the government can directly choose which parcels to pur-
chase with more control than the easement process exerts, and land purchases
allow stronger control over the land’s use.

Figure 1 shows the acreage-weighted CDF of the highest environmental value
on conserved and unconserved land parcels. State-owned public conservation
land encompasses mostly land in the highest VaNLA rankings: two-thirds of
public land scores between a 4 (very high conservation value) and a 5 (out-
standing value). Only 5% of publicly owned parcels score below a 3 (high
value). This suggests that the VaNLA scores do encapsulate the state’s con-
servation priorities well, since the areas that the government actively chose to
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purchase are clustered at the high end of this scale. It also implies the state
places little conservation value on lands below a 3 on this scale.

Strikingly, the quality distribution of private conservation lands is almost
indistinguishable from that of a random statewide sample of land. As Figure
1 shows, the cdfs for private conservation and unconserved land track closely.
By Virginia’s metrics, the environmental quality of land preserved by easements
looks as though the state had thrown darts at a map, excluding only heavily
developed parcels. The DCR-measured development risk in Figure 2 is also
similar to the state-wide distribution, so easements are not targeting areas with
more or less development pressure. Indeed, the private conservation quality dis-
tribution is similar to the unconserved distribution for every VaNLA-measured
environmental value category. This suggests that the minimum quality checks
on easements are doing little more than confirming that parcels have natural or
agricultural land to conserve.

This private conservation land quality is on average one priority point below
public conservation lands and has a high level of variability. Almost a third
of private conservation land has a maximum score below a 3, which is rarely
seen in public conservation land. This is not inherently non-optimal: private
conservation is less costly for the state than purchasing land for public conser-
vation, so private conservation might optimally cover some lands that would
not be worth putting under public conservation. However, this result is far less
optimistic for easements than Villamagna, Scott, and Gillespie (2015), which
focused on a smaller sample of easements included in a previous, less complete
version of the NCED and found that ecosystem services on private conservation
lands in Virginia and North Carolina were largely similar in quality to public
conservation lands.

Private conservation land also differs from public land in terms of the types
of environmental services it provides. As shown in Figure 2, public land has the
biggest advantage in recreational and biodiversity value. Easement land does
better than public land only in terms of agricultural value. This difference shows
up in land use as well as land value. Figure 3 shows that Virginia has almost no
agricultural land in public conservation, but one third of private conservation
land is used for agriculture.

This higher level of agricultural land in easements makes sense with the
relative advantages of easements compared to purchasing land. Public con-
servation allows the state to fully control human activity on a parcel, which
makes it particularly optimal for purposes like protecting fragile habitats or
opening recreation opportunities to the public. On the other hand, in cases
where the environmental value can be conserved by restricting only a few be-
haviors, private conservation can do so without requiring the state to pay for
the land’s full value. This can perform well for agriculture or water quality,
where easement-added restrictions preventing large developments and specifying
pollution-reducing agricultural practices can protect key environmental services.

The distributions in Figure 2 also draw attention to an important fact shap-
ing private conservation: preserving productive farmland is an explicit major
goal of current conservation policy. As written in Virginia’s Agricultural and
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Figure 2: Quality Distribution of Conservation Values
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Figure 3: Land use of public and private conservation lands in Virginia
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Figure 4: Land Use Change on Pre-2006 Easements
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Forestal Districts Act, the state looks to preserve farmland both as an envi-
ronmental resource that provides positive externalities like clean air, watershed
protection, and pleasant views, but also because the state wants to ”protect
and enhance agricultural and forestal land as a viable segment of the Common-
wealth’s economy.”3 Virginia commits funding to preserve farmland through
multiple channels, from conservation easement subsidies to the $4 million in
funding given to Virginia’s Farmland Preservation Fund annually through the
state budget.4 This preference is common among policymakers, with many
policies citing preserving agriculture as important to preserving rural ameni-
ties, protecting cultural heritage, and maintaining food stability (Hellerstein
and Nickerson 2002).

4.2 Easement Compliance

Second, I test whether private conservation lands actually remain undeveloped.
This understudied question is an important first-order condition for private
conservation to have any impact: it must be able to prevent development if it
is to create environmental value. This has been a widespread source of concern
since the the responsibility for monitoring and enforcement of easement terms
falls on the land trust that accepts the donation of the easement, and land trusts
range widely in size, mission, and resources (Merenlender et al. 2004).

To test this, I compare land use in 2006 and 2016 on lands that were put
into private conservation before 2006. This analysis shown in Figure 4 shows

3Code of Virginia § 15.2-4301, https://law.lis.virginia.gov/vacode/title15.2/chapter43/section15.2-
4301/

4Virginia state budget for 2023, https://budget.lis.virginia.gov/amendment/2022/1/SB30/Introduced/CA/98/1s/
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that lands in private conservation saw almost no change in land use over this
decade. Developed land went from 2.87% to 2.90% of private conservation
acreage, a statistically insignificant change. This small fluctuation could easily
reflect activities allowed by easement terms, since most easements continue to
allow some low-intensity use of the land. Only 2.3% of parcels saw any increase
in developed land share, and .8% saw development increase by more than 1%.
Natural land acreage slightly increased, while agricultural and forest acreage
marginally decreased. This is consistent with the requirements on some agri-
cultural easements that farmers create a natural buffer along any waterways or
streams within their property. All of these changes reflect less than a percentage
point change in total land use.

This lack of land use change suggests that landowners upheld their easement
terms, meeting one of the first-order conditions for this policy to have an impact.
Two potential reasons could cause this lack of change: either enforcement kept
landowners from developing, or landowners had no interest in development in
the first place. There is at least some development pressure on easement land,
since Figure 2 shows that the development threat levels calculated for easement
land match the statewide distribution. However, private conservation land is
less likely to be developed for reasons the development threat model cannot
consider. Landowners with private information that reduces their interest in
development have a good incentive to select into an private conservation pro-
gram since they can reap the tax benefits while giving up only an option that
they considered low-value. In line with this, Braza (2017)’s matching design
study on fields under short term agricultural easements estimated that only
14% of the program land would have been cultivated in absence of an easement.
Combining this selection effect with the fact that developed land across the the
state of Virginia increased by on 2.6% in this decade, and the counterfactual
level of development that would have happened without private conservation
on this land may have been quite low. Most construction during this period
replaced or intensified construction on already-developed land, rather than cut-
ting into forest or farmland. However, since easements are permanent, continued
enforcement may have a more substantial effect on preventing development in
future decades as undeveloped land grows more scarce.

This measure of easement compliance captures the most substantial potential
violations of easement terms, but there are more subtle types of violations that
the satellite land use measure cannot detect. For example, agricultural ease-
ments designed to protect water quality may require or prohibit implementing
certain agricultural practices to reduce erosion and pollution. Since these clauses
vary between easements and often cannot be detected without on-the-ground
monitoring, this paper cannot test for compliance with them.
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5 Methodology

5.1 Difference in difference design

Seeing this variation in environmental quality among conservation lands, I set
out to test whether changing easement incentives changes the quality of land
donated. For each conservation easement parcel donated between 2000 and
2006, I estimate the development value of the parcel using a model discussed
in Section 5.3 and the likely income of the donor using census data. With this
income and development value information, I create a tax calculator, discussed
in Section 5.2, to estimate the after-tax price of donating this parcel before and
after the 2002 reform. The 2002 reform lowered the price of conservation for
large parcels, especially for those with less wealthy donors, and increased the
price of conservation for smaller parcels with higher income donors.

I then run the following difference-in-difference regression, omitting the pol-
icy transition year of 2002:

yi = α+ β1∆pi ∗ posti + β2posti + β3∆pi + ϵi (8)

where yi is the environmental outcome of interest for easement parcel i. ∆pi
is the ”treatment effect” of the 2002 reform, the change the 2002 reform would
have induced in parcel i’s donation price per dollar of development value. posti
is a dummy variable that equals one after 2002 and 0 before. The interac-
tion coefficient β1 is the coefficient of greatest interest. If β1 is positive, this
means that the average environmental quality of parcels with newly increased
prices rose relative to those with decreasing prices. It also shows that as the
price of conservation increases, average quality falls. In similar logic to Einav,
Finkelstein, and Cullen (2010), this would indicate that the marginal donations
influenced by a change in the donation price are lower quality than the average
easement parcel.

I run this regression with a range of outcome variables yi. I use robust stan-
dard errors. For the key environmental value regressions, I use the maximum
and mean VaNLA environmental quality scores, as well as each of the separate
VaNLA scores. I also test the impact on land use and on census tract demo-
graphics as measured in the 2000 census. In my main regressions, I use 1999
to 2001 as the before period and 2003 to 2006 as the after period. Easement
tax credit policy was stable during each of those periods at both the state and
federal level. I omit 2002 as the year of transition: the Virginia legislature began
considering the reform in January 2002 and passed it in July 2002, with the new
law applying to donations made in 2002 onward.

The difference-in-difference design requires the parallel trends assumption
that aside from the subsidy rates, nothing differentially shifted the quality of
small parcels relative to large parcels. In my search through records and dis-
cussions with Virginia land trusts, I have found no policy shifts that would
challenge this assumption. I check for parallel trends using the 1999 period
onward. Using 2002, the year the policy was passed, as the base year, I run the
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regression

yi = α+

2006∑
y=1999

βy
1∆pi ∗ (year = y)i +

2006∑
y=1999

βy
2 (year = y)i + β3∆pi + ϵi (9)

I test the treatment effects for each year. I find that the pre-treatment years
of 1999 through 2001 are not statistically different from 2002. Years before
1999 are omitted because the Virginia easement tax incentive was first passed
in 1999.

To estimate the elasticity of easement supply in response to the price of
conservation, I also run a regression on acreage and number of donations in
groups of easement value and donor income. I define 16 groups g based on pre-
2002 quartiles of pre-2002 price and ∆p. For each group and year, I calculate
the total acreage and number of donations for each year falling in that bin. I
then regress

ln(ygt) = αg + β1 ln(pgt) +

2006∑
y=1999

βy
2 (year = y)t + ϵgt (10)

Where pgt is the average expected donation price in the group. The β1 resulting
from this regression is the elasticity of donation numbers or acreage.

5.2 Understanding donation price shifts

To measure the effects of the 2002 reform, I estimate the price of conservation
for easement donations before and after the reform. Tax benefits for private con-
servation come from several sources: federal charitable contribution deductions,
state tax credit usage, post-2002 tax credit sales, local property tax reductions,
capital gains, and estate tax reductions. In this paper, I focus on the first three
factors. Most agricultural land in Virginia is covered by a policy that sets local
property tax according to the land’s current use, so easements rarely change
local property taxes in this setting. Property taxes are generally low in the
state, with rates between 0.42 and 1.12 dollars per $100 of valuation. The es-
tate tax and capital gains tax saw no relevant policy change over the 1998 to
2006 window and only 4 of Virginia’s 96 counties adjusted their property tax
policies during this period (Kulp 2019). The price of conservation p in year t
for a parcel with landowner income y and development value V is estimated as

pt(v, y) = 1−
∑t+15

x=t (1− δ)x−t
∑

l=f,s(tax
nc
l (V, y)− taxc

l (V, y) + .8 ∗ saless(V, y))
V

(11)
Where taxnc is tax payments without a conservation easement and taxc is pay-
ments with an easement, and s is state and f is federal tax payments. δ is an
annual discount rate, set at 5% in this calculator. saless is revenues from sales
of state tax credits. To get the difference in federal taxes, I use federal ease-
ment donation law to calculate the size of charitable deduction a donor with
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development value V could claim in year t, then use the NBER’s TaxSim35
tax calculator to estimate the federal taxes a household with income y would
owe with and without that charitable deduction. To estimate the state-level
tax change, I calculate the household’s state tax liability for each year with
TaxSim35, then reduce each year’s tax liability in turn until the time limit is
reached or until the donor hits the cap of claimable credits. Post-2002, I assume
that the donor uses credits to first reduce their own tax liability, and then sells
all remaining credits for 80 cents on the dollar.

Pictured in Figure 5, the results of these calculations show that the 2002
reform dramatically compressed the conservation price for different parcels. The
reform allowed taxpayers to sell tax credits if they exceeded what the landowner
could use on their own tax liability. Before 2002, a donor with an income of
$200,000 would lose only 18 cents on the dollar of development value if they
donated a parcel valued at $120,000, but a full 78 cents on the dollar from a
million-dollar parcel. After the 2002 reform, the million-dollar parcel’s donation
price fell by 22 cents as the taxpayer sells the credits they cannot use, and the
$120,000 parcel’s price rises by 10 cents as the reduction in the credit cap takes
effect. This change is large in absolute terms: the donor of the million-dollar
parcel in this example would get almost $300,000 more in tax benefits from
donating after the reform, while the $120,000 donor would get $12,000 less.
This reform thus both corrected a distributional concern about the incentive
program and likely improved its efficiency by smoothing the incentive across
groups. The remaining gap in prices is due to federal tax policy, which had caps
on the share of income that could be reduced with easement credits and a limit
similar to Virginia’s on years of redemption eligibility until a 2006 reform.

Focusing in on the 2002 reforms, Figure 6 shows how the effect of the reform
varied by donor income across different donation sizes. The y axis depicts the
difference between 2001 and 2002 subsidy rates for donations of different donor
incomes and donor size. The reform’s effect was largest for low-income donors,
for whom the past limits had been most binding. Looking at this graph, we
can see that there are some parcel sizes above which donors of almost all likely
incomes would have benefited, and some below which almost all easement donors
would have faced a higher price.

5.3 Measuring Income and Development Value

To calculate the subsidy rate for each parcel, I need to use an estimated landowner
income and parcel development value for each easement. The exact income and
development value claimed for each donation is confidential tax data. Instead,
I estimate both using the following procedures, and I include robustness checks
for a range of different model assumptions.

Since the median easement donor in 2005 had a household income of approx-
imately $200,000 (Wilson 2005), 4 times the median annual household income,
I estimate the likely donor income for each parcel as 4 times the median income
for the parcel’s census tract. The estimated donor incomes for my sample thus
range from $37,500 to $792,600. I vary this assumption in my robustness checks,

23



Figure 5: Tax incentives over time

0

.2

.4

.6

.8

D
on

at
io

n 
Pr

ic
e

2000 2001 2002 2003 2004 2005
Year

Donation of $50,000 Donation of $120,000
Donation of $600,000 Donation of $1,000,000

Figure 6: Variation in 2002 tax incentive shifts
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testing the results if I assume 2 times the annual income, 6 times the annual
income, or a constant annual income of $200,000.

Next, I estimate the parcel’s development value. Virginia easement law
defines the development value of land as ”the reduction in the fair market value
of the land that results from the inability of the owner of the fee to use such
property for uses terminated by the easement.”5 I decompose the development
value Vi for a plot as

Vi = salevaluei − usevaluei (12)

where salevaluei is the fair market value of a parcel unencumbered by an
easement, and usevaluei is the fair market value of a parcel of land bound to
its present use by an easement. Vi is then the market value of the ability to
change the land’s use. I estimate the sale value of my easement sample using
a hedonic regression of sales value on a dataset of land that is not affected by
easements. Since there are too few sales of parcels under easement to estimate
a similar regression for use value, my land use values instead come from the
estimates of land’s value per acre in agricultural or forestal use from Virginia’s
Use-Value Assessment Program, which creates these estimates for use in local
property tax assessment. I discuss the details of the estimation methodology in
Appendices B and C.

I use a machine learning lasso regression to estimate the sales value per
acre, resulting in a model that produces an out-of-sample R2 of .21. To lower
prediction error, the lasso model shrinks the size of coefficients. The combination
of this coefficient shrinking and the difficulty in predicting exact parcel value
mean that my results are a lower bound on the size of the program’s effect.

Entering these estimated incomes and development values into my tax cal-
culator, I return an estimated pre-2002 and post-2002 price of conservation for
each easement parcel in my sample. The difference between pre- and post-reform
price is the price shift used as a treatment effect in my regressions. Despite the
compresion of development values and incomes in the estimation procedure, the
estimated donation prices displayed in Figure 7 still show considerable hetero-
geneity in the pre-reform price of conservation and the price shift. The 2002
reform compressed subsidy rates towards a 40% price, decreasing the price of
conservation for most parcels in the sample. The greatest possible increase in
price was 10%, capped by the 10 percentage point decrease in the maximum
claimable credits. On the other end of the spectrum, some of the highest de-
velopment value parcels saw smaller price decreases than other parcels with a
similar pre-reform price because the post-reform $100,000 per year cap on cred-
its (either to sell or use personally) was still binding. Overall, development value
drives most of the variation in pre-reform prices and in the size of the price shift,
with income creating the slight variation from the general trend line.

5Code of Virginia § 10.1-1011 B
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Figure 7: The Sample Distribution of Price Shifts
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Table 1: DiD Effect on Easement Donations
(1) (2)

VARIABLES Donation Count (log) Acres Donated (log)

Price (log) -1.790*** -0.829
(0.359) (0.584)

Constant 7.499*** 10.77***
(1.057) (1.730)

Year Fixed Effects Yes Yes
Group Fixed Effects Yes Yes

Observations 80 80
R-squared 0.710 0.770

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

6 Results

In this section I measure the impact of the 2002 tax credit reform to test the
quality of marginal easement donations. I find that easement donation rates are
substantially responsive to the price of conservation. However, these marginal
easements differ from the previous average: as the price of conservation falls,
the quality of donations declines as well, especially in terms of agricultural pri-
ority. In a more neutral shift, the marginal easements tend to be more oriented
towards preserving natural land and less towards agriculture. Marginal ease-
ments are more likely to be in lower-income areas, though they remain in areas
with low levels of racial diversity. The decline in agricultural quality can be
largely explained by a correlation between high development value land and low
agricultural value. Controlling for land trust fixed effects, on the other hand,
has almost no impact on the entry of low-quality lands into easements.

6.1 Elasticity of Conservation Easements

I first use Equation 10 to test the elasticity of easement donation numbers and
acreage to changes in the donation price. The results in Table 1 show that
around the 2002 reform, donation numbers and acreage both responded to the
donation price change. Groups with lower donation prices increased donations
in comparison to groups with price increases. The donation count elasticity is
-1.79 and statistically significant, while the acreage elasticity of -.83 is not. The
acreage elasticity is likely less reliable since the groups for this regression are
defined by development value and acreage is a strong predictor of development
value. The donation count elasticity is in the same range as some other estimates
in the literature, such as Parker and Thurman (2018)’s excellent estimates of
the national acreage elasticity ranging from -2.0 to -5.1. This supports that my
estimations are able to identify a true differential shift in conservation incentives,
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enough to meaningfully impact the number of marginal donations.
This reform’s impact on easement numbers needed several years to take full

effect. Figure 8 shows the number of easements in each price shift quantile
over time. The shares of easements in each quantile stayed fairly constant
between 2002 and 2003 aside from a small decrease in the share of donations
from the group for whom the donation price increased by 10 percentage points.
The real change in size trends happened in 2004, as the numbers of parcels
in the large price decrease group almost doubled and the number of parcels
in the price increase quantiles dipped. This response time makes sense given
the slow processes involved in an easement donation. According to internal
documents from the Virginia Outdoors Foundation (VOF), the largest land
trust in Virginia, putting a parcel under easement with the VOF requires a ten-
step process with multiple site visits, legal documents, and board and committee
meetings. This process requires at least six months to complete, but it may take
far longer if donors are not rushing the process or if complications arise. 2003
is therefore the first year where we might expect to see any impacts on private
conservation. Delays in informing potential donors about the new program
and the time it takes for a donor to decide whether they want to make such a
permanently binding commitment with their land mean it is unsurprising that
the full treatment effect did not manifest until several years later.

Figure 8 also suggests that the 2002 reform led to a long-term increase in
the easement supply. Total numbers declined in 2003, since it is a much quicker
process to cancel a potential donation than to form a new one. However, the
median pre-reform donation faced a 10 percentage point lower cost of donations
post-reform, so this reform largely encouraged donations on net. By 2006, we
see a doubling in annual donation counts over the 2002 numbers.

6.2 Environmental Quality Impacts

Where conservation prices fell, the average conservation priority scores declined.
Column 1 of the Table 2 results of estimating Equation 8 for the conservation
priority measures show that easements with larger price increases had differen-
tially higher mean conservation priority post-reform. The treatment size of 0.6
is almost the size of the pre-treatment difference by price shift, -.755, which sug-
gests that the reform’s compression of donation prices also compressed quality
across the development value distribution. The effect on maximum conservation
priority similarly shows that higher prices reduce quality and the 2002 reform
smoothed the previous distribution, though this coefficient is not statistically
signficant.

As well as decreasing the average quality, lowering the price of conservation
decreased the share of easements that meet any given quality threshold. Using a
logit regression to predict the odds that the maximum priority score of a parcel
meets a given threshold, Table 3 shows that the odds of meeting the ”very high”
quality threshold of 4 falls most starkly as quality falls. Considering that 72% of
public lands in Virginia have a maximum score of 4 or above, failing to attract
quality 4 parcels with subsidy increases fed the gap between private and public
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Figure 8: Conservation Donation Counts by Price Shift Quantile

�

���

���

���

���

���

%
PO
BU
JP
O�
$
PV
OU

���� ���� ���� ����
:FBS

∆Q������� ������∆Q�������
�������∆Q������ ∆Q������

Table 2: Effect of Conservation Price on Conservation Value
(1) (2) (3) (4) (5) (6) (7)

VARIABLES Mean Maximum Biodiversity Watershed Agricultural Forestry Recreational
Priority Priority Priority Priority Priority Priority Priority

Post * Price Shift 0.632*** 0.489 -0.314 -0.0705 1.605*** -0.985* 0.0213
(0.240) (0.344) (0.540) (0.258) (0.549) (0.548) (0.0663)

Post Reform 0.0499 0.0729 0.348*** 0.144*** -0.0842 0.192** 0.00715
(0.0408) (0.0572) (0.0897) (0.0431) (0.0907) (0.0869) (0.0122)

Price Shift -0.755*** -0.359 1.222*** 0.324 -2.249*** 1.348*** 0.149***
(0.202) (0.292) (0.436) (0.217) (0.466) (0.470) (0.0506)

Constant 1.851*** 3.160*** 0.840*** 2.295*** 2.022*** 1.900*** 0.0688***
(0.0325) (0.0464) (0.0681) (0.0346) (0.0724) (0.0696) (0.00852)

Observations 1,767 1,780 1,780 1,780 1,780 1,780 1,780
R-squared 0.009 0.002 0.019 0.011 0.017 0.011 0.022

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 3: Effect of Conservation Price on Maximum Priority
(1) (2) (3)

VARIABLES Max Priority ≥ 2 Max Priority ≥ 3 Max Priority ≥ 4

Post * Price Shift 3.441* 0.432 2.980***
(2.006) (0.871) (1.086)

Post Reform 0.450* 0.0136 0.294*
(0.270) (0.138) (0.178)

Price Shift -4.898*** -0.107 -0.820
(1.684) (0.743) (0.935)

Constant 2.537*** 0.528*** -1.731***
(0.199) (0.110) (0.149)

Observations 1,780 1,780 1,780
Robust standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

conservation quality in Virginia.
The marginal easements also shifted towards more ecological and natural

land uses and away from agriculture. Of the environmental values shown in
Table 2, agricultural priority is most strongly correlated with price. Forestry
and biodiversity priority are both higher for marginal easements than for the
average easements. Table 4’s land use results show a similar pattern with more
agricultural land at higher prices and more forested and natural land when prices
fall. The median decrease in prices of 10% would have increased the likely share
of total natural land by 2.5% and of forest land specifically by 3.5%, while
agricultural land share fell by 2.7%. Again, for most land uses, the post*price
shift interaction points the opposite direction as the price shift coefficient. This
indicates that making prices smoother across development values also made the
average value of easements more similar, suggesting that potential easements
with different development values and donor incomes have a similar underlying
elasticity and quality distribution.

Given these shifts in marginal easement characteristics, whether policymak-
ers consider the marginal changes an improvement or a reduction in quality
depends partially on their weighting of different environmental qualities. While
mean conservation scores declined, that decline is strongly concentrated in agri-
culture. A policymaker who prioritizes protecting forests and biodiversity over
preserving Virginia’s agricultural heritage might prefer the marginal easements
for their higher biodiversity and forestry priority.

I next test the effects of the donation price on the share of easements in areas
with different income levels and racial composition. Given that the tax benefits
from easements are mostly claimed by higher income and whiter households
that have greater landholding wealth and therefore greater capacity to donate

30



Table 4: Effect of Conservation Price on Land Use
(1) (2) (3) (4) (5) (6)

VARIABLES Development Agricultural Developed Natural Forest Wetland
Threat Level Land Share Land Share Land Share Land Share Land Share

Post * Price Shift 1.118** 0.272** -0.0170 -0.255* -0.354** 0.0956
(0.435) (0.127) (0.0646) (0.134) (0.139) (0.0625)

Post Reform -0.411*** -0.0615*** -0.00126 0.0627*** 0.0102 0.0413***
(0.0739) (0.0200) (0.0119) (0.0212) (0.0224) (0.0107)

Price Shift -1.584*** -0.754*** 0.190*** 0.564*** 0.466*** 0.0565
(0.302) (0.112) (0.0543) (0.116) (0.119) (0.0450)

Constant 6.967*** 0.357*** 0.0728*** 0.570*** 0.515*** 0.0357***
(0.0500) (0.0166) (0.00960) (0.0174) (0.0179) (0.00684)

Observations 1,780 1,780 1,780 1,780 1,780 1,780
R-squared 0.033 0.056 0.045 0.029 0.011 0.017

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 5: Effect of Conservation Price on Area Demographics
(1) (2) (3) (4)

% of households with % of households with
VARIABLES Local median income income >$100,000 income< 25,000 % white

Post * Price Shift 17,826 21.43*** -18.47*** 0.0203
(10,879) (6.341) (4.167) (0.0480)

Post -3,378* -1.408 2.144*** -0.0200**
(1,966) (1.135) (0.745) (0.00824)

Price Shift -2,161 -11.62** 20.34*** -0.0950***
(9,652) (5.529) (3.324) (0.0363)

Constant 53,755*** 17.06*** 23.42*** 0.883***
(1,682) (0.944) (0.571) (0.00601)

Observations 1,780 1,780 1,780 1,780
R-squared 0.022 0.024 0.034 0.011

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

easements, it is a serious social justice concern if the viewshed and environ-
mental benefits from easements also disproportionately benefit wealthy white
households. In regards to income, lowering donation prices does shift private
conservation towards lower income census tracts. Table 5 shows that lowering
the price of conservation increases the average share of households with incomes
over $100,000 and reduces the share of households with less than $25,000. How-
ever, racial composition does not change. This means that easements tend to
stay in whiter areas of Virginia: while the 2000 census estimated that 72% of
Virginia is white, easements are in census tracts that are on average 88% white.

6.3 Effects over Time

As with the treatment effect on acreage, the treatment effect on average quality
also builds over time. Figure 9 and Appendix D show the treatment coefficients
produced by estimating Equation 9. The coefficients across years are not sta-
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Figure 9: Event Study Treatment Effect on Environmental Value
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Graph denotes coefficients on year * high value, with 2002 omitted as the baseline year of the
reform.

tistically different from one another due to the wide confidence intervals, but
both maximum and mean quality coefficients trend upwards from 2003 to 2006.
The specific category and land use scores look somewhat different: agricultural
priority and land share was notably higher in 2003 and leveled out in later years.

6.4 Intensive Margin Shifts

By lifting the expiration problem with credit usage, the 2002 reform greatly
lessened the ”penalty” for donating a large, high development value easement.
In this section, I explore whether that smoothing of donation prices led donors
to change the intensive margin of their donations: did they become more likely
to donate larger shares of their land, or less likely to split their land into multiple
donations made over longer periods of time?

This is both a question of interest in itself and a potential threat to my identi-
fication strategy. The intensive margin matters for policy because large, contin-
uous parcels are more valuable for biodiversity, and because breaking donations
into multiple small transactions increases the transaction costs for landowners,
nonprofits, and the government. It is important for my identification strategy
because I assume that donations each have a fixed development value, with
landowners deciding only whether to donate or not. If landowners are changing
their donation size, my estimate will be biased by the easements that changed
development values and thus price shift groups. In an extreme case, we can
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imagine that the reform did not alter any donor’s choice of whether to donate
or not, but it did cause the small parcel donors with the highest quality land
to increase their donation size enough to be in a lower price increase category.
This would result in an overstated positive treatment effect because the same
parcel’s change reduces the quality of the increased-price group and increases
the quality of the decreased-price group.

First, I check how common repeat donations of easements are to see whether
donors seem to be managing the caps on credit usage by spreading their dona-
tions over time. The NCED easement database lacks information about donors,
so I instead use data from the Virginia Outdoor Foundation (VOF) to explore
the frequency of repeat donations. VOF is the largest land trust in Virginia,
representing more than half of the NCED easements in Virginia, and they pro-
vide a dataset including dates and donor names of their easement projects. This
data shows that repeat donors do happen, but donors do not seem to be timing
their donations around the ten-year credit expiration threshold. Of the 3,926
easements recorded, 80.7% are from unique donors. Another 6% of easements
were from donors making multiple donations in the same year, and 75% of repeat
donors completed all of their donations within a five-year span. These donations
seem to reflect multiple locations that are all part of the same conservation ac-
tion rather than an attempt to manage tax credit timing. These split donations
would incorrectly show up as multiple lower-value donations rather than a single
higher-value one in my dataset, and so may reduce my measured elasticities and
treatment effect. VOF sees a small and not statistically significant decrease in
repeat donors after the 2002 reform. 87.7% of donors between 1998 and 2001
were unique donors, as were 91.4% of 2002-2006 donors. The relatively low rates
of repeat donors over time may reflect the transaction costs involved in making
a donation. Given that the VOF’s easement donation process involves multiple
rounds of paperwork, negotiations, and evaluations, landowners may not find it
worth the trouble to break a possible donation into separate transactions.

Landowners also can choose whether to cover their entire property or only
a subset of it with an easement. I explore this margin by comparing the maps
of private conservation parcels to the map of Virginia tax parcels. Tax parcels
are an important unit of landownership, used for much official record-keeping.
Landowners may own multiple parcels, but each parcel must be owned by a
single entity. These parcel maps from Virginia’s GIS service correspond reason-
ably well to conservation parcel areas. With cleaning to remove parcels that
marginally overlap due to differences in mapping precision, I am able to match
96% of conservation parcels to at least one tax parcel and 47% of conservation
parcels to exactly one tax parcel. Matched tax parcels cover 93% of acreage
under easement.

While there are some partial easements, most landowners seem to make con-
servation decisions as a binary choice over full parcels. To avoid distortions from
missingness in the tax parcel dataset, I limit the sample for this analysis to the
92% of conservation parcels for which at least 80% of their acres can be matched
to tax parcels. In this group, the median conservation parcel covers 98% of the
largest matched tax parcel. I classify 81% of private conservation parcels as full-
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Table 6: Changes in Tax Parcel Coverage
(1) (2) (3)

VARIABLES % of Parcel Full-Parcel Parcels Per
Eased Easement Easement

Post * Price Shift 0.112 0.450*** 2.501
(0.0868) (0.169) (1.886)

Price Shift -0.326*** -0.725*** 1.054
(0.0688) (0.144) (0.706)

Post Reform -0.00887 0.0286 1.030***
(0.0165) (0.0300) (0.368)

Constant 0.906*** 0.808*** 2.184***
(0.0125) (0.0248) (0.116)

Observations 1,482 1,482 1,482
R-squared 0.031 0.028 0.013

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

parcel easements where the conservation area covers at least 90% of the largest
matched tax parcel. 78% of conservation parcels matched to a single tax parcel
are full-parcel easements. This suggests that most landowners handle easements
as a binary decision at the parcel level: they either place an easement on a parcel
or they do not. This does leave the possibility that landowners with multiple
adjacent parcels are choosing how many of those parcels to include, since 49%
of conservation parcels are spread over at least 2 tax parcels, with 12% spread
across 5 or more tax parcels.

To test whether this intensive margin seems to change with the reform, I
run my diff-in-diff regression on the number of tax parcels per easement and the
share of the tax parcel that the easement covers. The changes this regression
identifies could come from two potential sources. First, donors could change
the size of their donations, such as donating 100% of a parcel post-reform where
they would have donated 50% pre-reform. Second, this could come from changes
in the composition of donors, such as a landowner who only owns one parcel
deciding against donating an easement post-reform while a landowner with four
parcels is newly attracted into the program.

The results are presented in Table 6, and are more consistent with the change
in donor composition story. The number of parcels per easement did increase
post-reform, with a significant increase of 1.03 parcels on average. However,
overall parcel coverage shares did not change, with a fairly precise null coefficient
on Post Reform for both the share of a parcel eased and whether an easement
covered a full parcel. The interaction between post-treatment and price shift is
positive and significant for whether an easement covers a full parcel, meaning
that the coverage share increased for the low-development-value easements that
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Table 7: Correlations Between Development Value and Environmental Value on
Unconserved Parcels

VARIABLES Max Mean Biodiversity Watershed Agricultural Forestry Recreational
Priority Priority Priority Priority Priority Priority Priority

Development Threat 0.00 -0.11∗∗∗ -0.12∗∗∗ -0.18∗∗∗ 0.15∗∗∗ -0.09∗∗∗ -0.07∗∗∗

(0.53) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Development Value Per Acre -0.19∗∗∗ -0.19∗∗∗ -0.15∗∗∗ -0.26∗∗∗ 0.01 -0.15∗∗∗ -0.05∗∗∗

(0.00) (0.00) (0.00) (0.00) (0.31) (0.00) (0.00)

Development Value / Sales Value -0.04∗∗∗ 0.10∗∗∗ 0.13∗∗∗ 0.02∗∗ 0.01 0.15∗∗∗ -0.03∗∗∗

(0.00) (0.00) (0.00) (0.00) (0.19) (0.00) (0.00)

Acreage 0.01 0.07∗∗∗ 0.13∗∗∗ 0.07∗∗∗ -0.04∗∗∗ 0.07∗∗∗ 0.10∗∗∗

(0.24) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

Development Value -0.01 -0.02∗ -0.03∗∗∗ -0.02∗ 0.01∗ -0.01 -0.11∗∗∗

(0.19) (0.02) (0.00) (0.02) (0.04) (0.21) (0.00)

p-values in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

saw higher post-reform donation prices and fell for the high-development-value
easements that received larger post-reform subsidies. This is the opposite of
what the intensive margin theory would expect: the same landowner, when
offered higher subsidies, should want to donate a larger share of their land.
This, combined with the fact that we do not see an overall increase in parcel
coverage, suggest that the changes in Table 6 are due to changes in the kinds
of collections of parcels that newly incentivized landowners own, not due to
intensive margin changes.

6.5 The Role of Development Value Correlations

In this section I explore the possibility that the shift in marginal quality are
the result of a link between development values of land and their environmen-
tal quality. First, I check whether there is a relationship between development
value and environmental value. In Table 7, I compute the correlations between
a range of development value measures and conservation priority metrics among
the sample of nondeveloped noneasement parcels. When we look at measures
that explore how significant the development opportunity of land is given a par-
cel’s size or total value, some clear relationships emerge. Parcels that have a
higher per-acre development value and development threat level tend to have
lower mean and max conservation priorities. Development value as a percentage
of total value has a relatively weak negative correlation with conservation pri-
ority among easement parcels, and a positive one among nondeveloped parcels.
When broken into categories, this negative correlation particularly shows up in
biodiversity, watershed, and forestry value. Agricultural priority is the only one
that is positively correlated with these development value measures. Together,
this suggests that the parcels with lower development cost densities may be
quiet rural property with high environmental value where the land can produce
decent revenues when left undeveloped.

Including these development values as controls in my difference-in-difference
regression shows that this correlation accounts for some of the marginal quality
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Figure 10: Treatment Coefficients With Development Value Controls
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decline in agriculture. Figure 10 plots the large * post-reform coefficients with
and without including the development controls. For most coefficients, the
variation is too large to determine whether the deveopment value controls had
an impact. Agriculture is the exception: with development controls included,
the size of the treatment effect declines by 75%. This reflects the distribution of
agricultural land in Virginia. Agricultural lands closest to cities and particularly
in the areas near Washington DC will have the highest development value, but
many of the historic and most productive farmlands are in the center of the
state and further from these pressures.

6.6 The Role of Land Trusts

I next test whether this quality shift is mediated through land trusts. Land
trusts have an ongoing responsibility to monitor and steward conservation lands,
but different types of land trusts, such as government or NGO land trusts, may
face different funding incentives and hold their donations to different standards
as a result. Contrary to this, I find lower quality easements are accepted by a
wide range of land trusts and land trust types, suggesting that the easement
quality problem cannot be solved simply by regulating a handful of low-quality
land trusts.

First, I test whether controlling for land trust fixed effects can reduce the
treatment effect. If the Post*Price Shift coefficient vanished with the land trust
fixed effects, it would indicate that the quality within an individual land trust
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Figure 11: Adding Fixed Effects for Land Trusts

.BY�1SJPSJUZ

.FBO�1SJPSJUZ

#JPEJWFSTJUZ

8BUFSTIFE

"HSJDVMUVSF

'PSFTUSZ

3FDSFBUJPO

�� �� � � � �
1SJDF�4IJGU���1PTU�$PFGGJDJFOU

.BJO�3FTVMUT
-BOE�5SVTU�'&T

is fairly constant despite any changes in the price of donating. In that case, we
could attribute the decline in quality to a relative increase in donations to the
land trusts with lower standards. The results in Figure 11 show that this is not
the case. None of the coefficients change significantly with the addition of this
full set of fixed controls. Shifts in donation quality within land trusts, rather
than between them, must therefore drive the treatment effect.

In addition, no particular kind of land trust performs significantly better
than another. Figure 12 traces the cdfs of the six types of land trusts with more
than 100 easements in Virginia. Federal, state, local government, conservation
district, NGO, and jointly held easements all trace similar distributions. Given
how well government-owned conservation lands perform, it is perhaps surprising
that the government land trusts, which could internalize the full public cost of
the easements they accept, do not perform better. This may reflect a gap
between the divisions of government that accept donations, often departments
of conservation whose goal is to increase protected land, and the tax system
that ultimately loses revenue from the credits.

7 Model Applications

A key policy question arises from this model and results: if the increase in
tax subsidies for easements was targeted more specifically at high conservation
priority parcels, how would the cost to taxpayers, conserved acreage, and envi-
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Figure 12: Land Quality Distribution by Land Trust Type

ronmental quality of that acreage have changed? Since the VaNLA rankings do
not give us a direct monetary valuation of each rank, I instead look to identify
the quality-acreage tradeoffs that same-cost quality-targeted policies could have
produced. I particularly focus on the case of high development value parcels
in the state of Virginia, which on average saw large increases in tax incentives,
to illustrate the potential costs and benefits of quality targeting. To show the
potential bias from assuming a constant quality distribution, I also compare
estimates with and without differing elasticities by quality.

Using a simple model of easement supply, I calibrate the marginal quality
response to tax incentives with my difference-in-difference results, and I esti-
mate the total acreage of donations using my estimated elasticity. With this
model I then explore the acreage and quality of land conserved under two policy
alternatives that have the same taxpayer cost as the actual policy: a subsidy
rate increase available only to parcels with a conservation priority of 3 or above,
and a subsidy rate increase available only to parcels with a conservation priority
of 4 or above.

To build my supply curve of easements, I need to quantify three dimensions
that might respond to changes in easement incentives: acreage donated, envi-
ronmental quality, and cost per acre. I use a constant elasticity supply curve
for total acreage, p = αq1/ϵ. I set the elasticity of total donations as ϵ = −1.79
from Table 1. I calibrate the constant α using the acreage q and average esti-
mated conservation price p for each quartile group of pre-reform conservation
price, and I assume a constant acreage per donation and development value of
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Table 8: Actual and Alternative Policy Scenarios
Policy Scenario

Actual Floor 3 Floor 4
Donation Price if Priority < 3 .638 .856 .856
Donation Price if Priority ≥ 3 & < 4 .638 .563 .856
Donation Price if Priority ≥ 4 .638 .563 .149
Estimated Annual Cost for Top Quartile $11 million $11 million $11 million

easement in a quartile from the pre-reform mean.
For environmental quality, I use the Table 3 logit estimates of P (ei > k|s),

the probability that, given a specific subsidy rate, an offered easement’s maxi-
mum conservation priority ei is greater than some floor k. This lets me estimate
the share of donated land that will fall in each quality bin, as well as the share of
offered land that will not be allowed to donate under the policy floor scenarios.
I use the coefficient on Post * Price Shift as an instrument for the post-reform
shift in s, and use that to calculate the change in environmental quality under
alternative post-reform s.

7.1 The Effects of Targeting

Compared to a uniform increase in subsidy rates, how would a same-cost policy
offering a higher increase only to easements that meet a certain quality threshold
perform? Such a policy could be implemented through channels already used
by government funds, similar to a competitive grant-offering system. To focus
particularly on the effect of a rate increase, I narrow my analysis to one pool
of easements: the quartile with the highest conservation price, and the highest
development value parcels. This pool is also of particular interest because it
both saw the largest effect of the reform and represents the largest acreage and
government expenditures.This group faced an average pre-reform conservation
price of p = .856 per dollar of development value, and received 13.3 donations
per year that conserved 2,300 acres at a total cost of $2 million. The 2006
reform decreased this group’s price of conservation to p = .638 on average. The
calibrated model predicts that this would have increased donations per year to
22.6 per year, conserving 3,880 acres per year at a cost of $11 million.

Using the estimated supply curve of easements, I calculate the quality floor
policies that would match the $11 million annual cost while providing an in-
creased subsidy only to easements with a maximum conservation priority score
above the ”high quality” mark of three (Floor 3) or above the ”very high qual-
ity” score of four (Floor 4). The resulting donation prices are listed in Table 8.
The Floor 3 case keeps an pl = .856 donation price for easements with quality
below 3, and a ph3 = .563 price for easements with quality 3 or above. Setting
the floor for high-quality easements at 4 allows for even greater subsidies to the
most valuable land: in Floor 4, the donation price for high-quality land drops
to ph4 = .149.
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Figure 13 shows the acreage implications of these alternatives. In the actual
policy with no floor, more than a third of private conservation acreage has a
maximum conservation quality below 3, a quality level equivalent to the lowest
6% of public conservation lands. Putting in place a floor at 3 shifts the mass
of easements from the [2, 3) bin to the [3, 4) bin. The cost in total acreage
conserved is low. The state gives up some cheap acres, but the [3, 4) bin
is highly responsive to the 5 percentage point increase in incentives over the
Actual scenario. Since there is relatively little [4, 5] land and it is positively
selected, the Floor 4 scenario must lower ph4 dramatically, creating a larger drop
in total acreage than in the transition from the Uniform to Floor 3 scenario.

This illustrates the key tradeoff of introducing quality floors as subsidy rates
increase. The supply of medium-quality donations is quite elastic, and medium-
and low-quality donations become even more common as subsidy rates rise.
Setting a quality floor reduces payments on these low-quality lands, but in-
creased spending on high environmental value lands has lower returns in terms
of acreage. The policymaker would prefer the Floor 3 policy over the Uniform
policy if an acre of quality 3 or above land is worth at least 1.18 acres of land
below quality 3. In addition, the policymaker would prefer setting a floor at
four instead of three if an acre of quality 4 land is worth at least 1.61 acres of
land below quality 4. The literature on environmental valuation suggests the
acreage tradeoff for these higher floors is likely to be worthwhile: Phillips and
McGee (2016) finds that high-value stretches of riverbank in the Chesapeake
Bay watershed provide almost five times the environmental services per acre of
low-value areas, and Ingraham and Foster (2008)’s estimates of environmental
services from National Wildlife Refuge system lands in New England ranged
from $60 per acre per year from well-conserved grasslands to $2,670 from wet-
lands. Gaining one high-quality acre per 1.2 or 1.6 low-quality acres lost would
create a substantial gain even if the true value difference between VaNLA levels
is much smaller than the range found in those papers.

The decline in marginal quality heavily shapes the expected benefits from
any of these policies. Figure 14 shows the acreage conserved by these policies
assuming the marginal quality of land P (ei ≥ k|s) is constant, still allowing for
time trends in quality distribution. With constant marginal quality, increasing
the subsidy rate looks like a very effective policy for attracting high-quality
land. The constant marginal quality model in Figure 14 expects that the uniform
policy would conserve 175% of the very high-quality land that the model expects
when marginal quality is allowed to vary. The constant marginal quality model
is also overoptimistic about the benefits of offering targeted subsidy increases:
it overestimates the very high-quality land conserved in the Floor 4 case by
35% and overestimates the total land conserved by 15%. The acreage trade-
offs involved in increasing quality floors are smaller as well, since the constant
marginal quality model ignores the relative inelasticity of the higher-quality land
supply. Without marginal quality shifts, the policymaker can attract significant
high-quality acreage with only modest increases in the subsidy rate. Together,
this suggests that ignoring the marginal quality effect can make policymakers
overoptimistic about the benefits of raising conservation easement subsidies.
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Figure 13: Private Conservation Acreage Under Alternative Policies
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Very high-quality land in Virginia is not very elastic to these policy shifts, but
lower-quality land certainly is.

8 Robustness checks

This section checks the robustness of the core results to three variations: chang-
ing the assumptions about the incomes of easement donors and classifying ease-
ments in a binary high- or low-value instead of assigning a continuous price shift
effect.

8.1 Income Assumptions

In the main results, I calculate the post-tax easement donation prices using esti-
mated donor incomes of four times the census tract median income. Since there
is not publicly available data on the exact incomes of Virginia easement donors,
this assumption matches the national trend in easement donors, who in 2005
had on average 4 times the median household income nationally. Here, I test the
robustness of my results to varying the income estimation procedure: assuming
two times the median income, six times the median income, or constant income
of four times the statewide median.

The results in Table 9 show that varying the income assumption slightly
shifts point estimates and in some cases changes significance levels for the quality
results, but the core outcomes hold. Mean conservation priority has a significant
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Figure 14: Private Conservation Acreage Under Alternative Policies, Price-
independent Quality Distribution
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and positive treatment coefficient for all income levels, and maximum priority
also reaches significance at the 10% level for the 2x median income scenario and
significance at the 1% level for the constant statewide income scenario. The
effect on agricultural priority is consistently large and significant as well. The
effects on biodiversity and watershed priority remain ambiguous.

The land use results in Table 10 also remain similar. Development threat
level’s relationship with the price shift post-2002 is still positive and significant
in the 6x and 2x median income scenarios, as is the agricultural land share. They
do lose their significance in the constant income scenario, though the coefficient
remains positive. Since development pressure is higher in areas with higher
incomes, assuming constant income statewide reduces the regression’s ability
to pick up that variation. Forest land share has a negative relationship with
price shift * post in all scenarios, and the effect on natural land share remains
negative although varies in significance.

8.2 Binary Treatment Effect

Given the uncertainties around precise donor incomes and development values, I
also test whether my result is robust to comparing only the highest development
value easements that almost certainly faced a lower donation price post-2002
to the low-donation value parcels that almost certainly faced a higher post-
reform donation price. I define low development value parcels as those with
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Table 9: DiD Effect on Environmental Value with Varying Income Assumptions
(1) (2) (3) (4) (5) (6) (7)

VARIABLES Mean Maximum Biodiversity Watershed Agricultural Forestry Recreational
Priority Priority Priority Priority Priority Priority Priority

Panel A: Income 6x Median
Post * Price Shift 0.700*** 0.548 -0.287 0.229 1.417** -0.791 0.0182

(0.256) (0.377) (0.582) (0.279) (0.609) (0.612) (0.0679)
Post Reform 0.0225 0.0600 0.347*** 0.154*** -0.158* 0.238*** 0.00750

(0.0361) (0.0514) (0.0781) (0.0386) (0.0836) (0.0796) (0.0102)
Price Shift -0.864*** -0.357 0.954** 0.0271 -2.110*** 1.176** 0.159***

(0.221) (0.330) (0.484) (0.241) (0.530) (0.537) (0.0539)
Constant 1.879*** 3.174*** 0.785*** 2.276*** 2.114*** 1.843*** 0.0631***

(0.0291) (0.0423) (0.0594) (0.0314) (0.0681) (0.0646) (0.00710)

Panel B: Income 2x Median
Post * Price Shift 0.578** 0.551* -0.130 -0.321 1.742*** -0.929* 0.0262

(0.233) (0.328) (0.510) (0.245) (0.509) (0.501) (0.0619)
Post Reform 0.0864* 0.105 0.353*** 0.102** 0.0442 0.133 0.00401

(0.0489) (0.0676) (0.109) (0.0512) (0.104) (0.101) (0.0144)
Price Shift -0.648*** -0.477* 1.309*** 0.518** -2.280*** 1.267*** 0.0990**

(0.192) (0.272) (0.397) (0.203) (0.418) (0.419) (0.0465)
Constant 1.819*** 3.124*** 0.924*** 2.338*** 1.883*** 1.972*** 0.0717***

(0.0390) (0.0543) (0.0831) (0.0412) (0.0815) (0.0812) (0.0103)

Panel C: Constant Income
Post * Price Shift 0.748*** 0.843** 0.0404 0.219 1.497*** -0.702 0.0211

(0.232) (0.332) (0.520) (0.252) (0.533) (0.531) (0.0640)
Post Reform 0.0593 0.0947* 0.379*** 0.179*** -0.111 0.216** 0.00557

(0.0402) (0.0567) (0.0892) (0.0425) (0.0889) (0.0858) (0.0121)
Price Shift -0.908*** -0.742*** 1.180*** 0.353* -2.698*** 1.286*** 0.153***

(0.192) (0.278) (0.413) (0.211) (0.445) (0.450) (0.0473)
Constant 1.838*** 3.133*** 0.841*** 2.298*** 1.984*** 1.901*** 0.0696***

(0.0322) (0.0464) (0.0682) (0.0346) (0.0712) (0.0693) (0.00859)

Observations 1,767 1,780 1,780 1,780 1,780 1,780 1,780
Robust standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1
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Table 10: DiD Effect on Land Use with Varying Income Assumptions
(1) (2) (3) (4) (5) (6)

VARIABLES Development Agricultural Developed Natural Forest Wetland
Threat Level Land Share Land Share Land Share Land Share Land Share

Panel A: Income 6x Median
Post * Price Shift 1.388*** 0.244* -0.0259 -0.218 -0.293* 0.0741

(0.455) (0.145) (0.0630) (0.151) (0.154) (0.0620)
Post Reform -0.435*** -0.0750*** 0.000345 0.0747*** 0.0278 0.0363***

(0.0646) (0.0189) (0.00947) (0.0198) (0.0204) (0.00920)
Price Shift -1.629*** -0.726*** 0.204*** 0.522*** 0.427*** 0.0590

(0.323) (0.129) (0.0539) (0.133) (0.134) (0.0446)
Constant 7.028*** 0.388*** 0.0656*** 0.547*** 0.496*** 0.0335***

(0.0447) (0.0158) (0.00755) (0.0163) (0.0165) (0.00619)

Panel B: Income 2x Median
Post * Price Shift 0.855** 0.297*** -0.0441 -0.253** -0.345*** 0.0841

(0.431) (0.114) (0.0698) (0.121) (0.129) (0.0628)
Post Reform -0.388*** -0.0332 -0.00949 0.0427* -0.0132 0.0439***

(0.0900) (0.0223) (0.0160) (0.0243) (0.0262) (0.0133)
Price Shift -1.660*** -0.746*** 0.192*** 0.554*** 0.428*** 0.0759*

(0.295) (0.0975) (0.0591) (0.104) (0.107) (0.0457)
Constant 6.862*** 0.313*** 0.0845*** 0.603*** 0.539*** 0.0414***

(0.0602) (0.0186) (0.0133) (0.0200) (0.0211) (0.00887)

Panel C: Constant Income
Post * Price Shift 0.271 0.171 -0.0129 -0.158 -0.282** 0.109*

(0.416) (0.124) (0.0620) (0.130) (0.136) (0.0612)
Post Reform -0.523*** -0.0659*** -0.00310 0.0690*** 0.0142 0.0427***

(0.0750) (0.0197) (0.0118) (0.0210) (0.0222) (0.0108)
Price Shift -1.832*** -0.723*** 0.184*** 0.539*** 0.425*** 0.0743*

(0.289) (0.108) (0.0517) (0.112) (0.115) (0.0420)
Constant 6.945*** 0.356*** 0.0731*** 0.571*** 0.514*** 0.0370***

(0.0524) (0.0166) (0.00965) (0.0174) (0.0180) (0.00705)

Observations 1,780 1,780 1,780 1,780 1,780 1,780
Robust standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1
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Table 11: DiD Effect on Environmental Value, Binary Treatment
(1) (2) (3) (4) (5) (6) (7)

VARIABLES Mean Maximum Biodiversity Watershed Agricultural Forestry Recreational
Priority Priority Priority Priority Priority Priority Priority

Post * High Value -0.242*** -0.260** -0.302 -0.0834 -0.361* 0.0853 -0.0130
(0.0811) (0.117) (0.186) (0.0893) (0.190) (0.190) (0.0241)

Post Reform 0.124* 0.148 0.586*** 0.112 -0.00892 0.168 0.0140
(0.0699) (0.0996) (0.161) (0.0748) (0.155) (0.152) (0.0227)

High Development Value 0.245*** 0.259*** -0.343** -0.135* 0.846*** -0.275* -0.0326*
(0.0647) (0.0946) (0.143) (0.0713) (0.157) (0.159) (0.0173)

Constant 1.805*** 3.063*** 1.035*** 2.442*** 1.695*** 2.017*** 0.0709***
(0.0526) (0.0767) (0.117) (0.0562) (0.122) (0.121) (0.0156)

Observations 1,286 1,298 1,298 1,298 1,298 1,298 1,298
R-squared 0.012 0.006 0.040 0.018 0.040 0.008 0.017

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 12: DiD Effect on Easement Land Use, Binary Treatment
(1) (2) (3) (4) (5) (6)

VARIABLES Development Agricultural Developed Natural Forest Wetland
Threat Level Land Share Land Share Land Share Land Share Land Share

Post * High Value -0.0197 -0.00368 0.0141 -0.0104 0.0445 -0.0599***
(0.149) (0.0432) (0.0252) (0.0460) (0.0484) (0.0221)

Post Reform -0.501*** -0.0633* -0.0159 0.0793** -0.00251 0.0786***
(0.136) (0.0332) (0.0250) (0.0364) (0.0393) (0.0193)

High Development Value 0.635*** 0.188*** -0.0649*** -0.123*** -0.0947** -0.0105
(0.102) (0.0378) (0.0210) (0.0398) (0.0405) (0.0136)

Constant 6.660*** 0.285*** 0.0996*** 0.615*** 0.548*** 0.0367***
(0.0914) (0.0281) (0.0208) (0.0302) (0.0312) (0.00964)

Observations 1,298 1,298 1,298 1,298 1,298 1,298
R-squared 0.062 0.062 0.049 0.032 0.008 0.030

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

development values below $120,000 and high development value parcels as those
with development values above $600,000. The low parcels would have received
smaller subsidies post-reform and the high parcels would have received larger
subsidies over at least 95% of the national range of land donor incomes. I omit
mid-valued easements from the regression.

The environmental quality results in Tables 11 are similar in direction and
significance to my main results, since high value corresponds to a negative post-
reform price shift. The high-value group has lower mean and maximum priority
post-reform, particularly in agriculture. The land use results in Table 12 do
change slightly: without the greater nuance in the main results, the shift away
from agricultural land use is no longer detectable. However, Column 6 suggests
that the share of wetland under easement may decline as prices fall, which would
contribute to a decline in marginal quality given the high biodiversity and water
regulation value of wetlands.
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9 Conclusion

While the 30x30 goal measures conservation achievement in acreage, the quality
of the land preserved will decide whether society meets the ultimate goals of
the Kunming-Montreal agreement and, indeed, of conservation more broadly:
to preserve species and ecosystems, to provide clean air and water, to sup-
ply natural resources like wood and food, and to protect cultural systems like
recreation and agriculture that are tied to the health of the land. Oliva and
Garćıa Frapolli (2024) describes the tendency to set goals in area protected as
a ”surface bias” which risks blinding us to the actual value of conservation.
This paper shows that in the voluntary market for private conservation, quality
will not necessarily follow quantity. The conservation easement tax incentive
program in Virginia has successfully attracted large volumes of land for con-
servation, with the state’s protected acreage increasing 24% between 2002 and
2011 (O’Bannon 2012). This program’s $1600 per acre average price tag in state
tax incentives seems reasonable. However, that land varies widely in environ-
mental value, and increasing subsidies for easements does not fix this. It is very
concerning that the land under private conservation more closely resembles a
random assortment of undeveloped parcels than it does the areas deliberately
chosen for public conservation. In the worst case, the lower-quality conserved
parcels may push development onto higher-quality lands, reducing rather than
increasing the amount of environmental services on undeveloped land.

Going forward, policymakers who want to expand voluntary conservation
should be wary of these quality concerns. If offering credits, programs can
help check a potential increase in low-quality applicants by restricting eligibility
to lands that meet a higher environmental standard. Conducting the VaNLA
mapping assessment marked a step towards improving conservation targeting in
Virginia; using this detailed map of priorities to create better standards for the
large state credit program could mark another. In Virginia’s case, this could
have substantially boosted the amount of high-quality lands conserved at a very
reasonable cost in terms of total acreage. In other states, raising the quality
threshold for large incentives could involve competitive application processes
where state grants would go only to parcels offering the highest environmental
value. At the federal level, it is worth exploring whether the parcels that claim
tax incentives based only on their ”open space value,” as opposed to historical or
environmental value, truly provide enough public value to justify the incentive’s
costs. Simply leaving the quality screening role to land trusts is not necessarily
enough, as the case of Virginia shows. Most land trusts accept parcels with a
wide range of quality, which is a reasonable response when they only need to
bear the cost of monitoring an easement and not of the full state, federal, and
local tax losses.

The size of this quality problem likely varies across regions. Albers, Ando,
and Chen (2008) offers some evidence that the environmental quality of pri-
vate conservation varies considerably across states: private conservation acreage
in Illinois is concentrated in high environmental value counties, while Mas-
sachusetts conservation acreage correlates more strongly with income. The de-
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cline in marginal quality estimated in this paper suggests that Virginia’s very
high subsidy rate, now approximately 60% from state and federal subsidies,
may have attracted many low-quality easements that would not have happened
without these subsidies. In addition, the correlation between high development
value and low environmental value contributes to this problem. Further work
should explore how widespread this problem is nationally.

Private conservation may also vary in distributional effects, both in terms of
who receives tax benefits for easements and who benefits from the environmen-
tal values of conserved land. The easement tax credit is extremely regressive,
with more than 95% of federal deductions for land and easement donations in
2005 going to households with incomes over $100,000 and 22% going to house-
holds making over $10 million (Wilson 2005). Further, as tax policy changes
where conservation happens, it will also shift who benefits from the conserved
lands. Virginia’s private conservation spending is heavily concentrated in the
wealthiest and whitest counties in the state, as shown by Vogelsong (2021)
and my work here. Conservationists far beyond Virginia are concerned about
similar patterns. Within Virginia, at least, the easements attracted by lower
subsidy rates are more likely to be in lower income areas, though they remain
concentrated in the least racially diverse areas of the state. Future research on
attracting conservation land to disadvantaged areas could help ensure that more
of the population can share in the benefits of private land conservation.
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Appendices

A Land Characteristic Data

A.1 Land Characteristic Data

Use Value: Estimates of agricultural land use value come from Virginia’s
Use-Value Assessment Program. The government-sponsored program housed at
Virginia Tech provides estimates of the per-acre present daily value of agricul-
tural land, using data from USDA farm surveys to estimate per-acre costs and
profits. I use the annual estimates of the average use value by county. This
serves as a proxy for the value of land with an easement, since agricultural land
with an easement typically cannot be developed and thus is only valuable as an
agricultural input.

Local Income: Local median incomes and racial demographic information
is from the 2000 census, and is calculated at the census tract level.

Land Use: Land use data comes from the National Land Cover Database
(NLCD). A satellite-based measure of land use, the NLCD’s 30-meter resolution
level allows detection of even small changes in development or land cover. NLCD
sorts land into more than 30 kinds of habitat and human land use. For this anal-
ysis, I simplify these categories into developed land (buildings and impervious
surfaces), agricultural land (agricultural fields and pasture), and natural land
(all natural habitats). I also examine forests and wetlands as subsets of natural
land.

Weather: For weather data I use Wolfram Schlenker’s Daily Weather Data
for Contiguous United States, calculating heating and cooling degree days from
65 degrees and days over and below each 10 degree bin. Estimates of daily high
and low temperatures and daily precipitation for each day from 1970 to 2000
are made at a 2.5 mile resolution, interpolating data from the nearest PRISM
weather stations. 6

Soil quality: I use soil quality data from the USDA’s Digital General Soil
Map of the United States, or STATSGO2, which maps soil classification units
across the United States. I use the soil survey’s land capability classification
system for soils, which offers a 0-100 scale of the land’s suitability for agriculture.
The state of Virginia has 67 soil classification units.

B Estimating Sales Value

Since the sales value of a parcel is its fair market price, I use the ZTRANS
and ZASMT real estate datasets from Zillow to estimate the sales value of land
in Virginia. The ZTRANS dataset compiles data on land transactions from
county records nationwide, including a parcel’s location, size, and transfer type.
The ZASMT dataset of real estate assessments provides details on what kind

6Data is available at http://www.columbia.edu/ ws2162/links.html
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Figure 15: Sales Value Prediction Accuracy
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of improvements or buildings exist on each land parcel. It also offers some
information on zoning restrictions. To build a dataset of land similar to what
might be placed under an easement, I identify 25,099 transactions between 1998
and 2006 of undeveloped Virginia land outside of commercial and high-density
housing zoning areas. I omit parcels with buildings to ensure my model values
undeveloped land, and I omit areas zoned for high-density housing or commercial
usage since easements are extremely rare in those areas. This leaves me with a
sample of 24,237 land sales, of which I set a quarter aside as a validation set.

I then use a ridge regression on the remaining 17,866 parcels to estimate
the price per acre of a parcel. The linear elastic net immproves the predictive
accuracy of the model by reducing overfitting bias by imposing penalty terms for
larger coefficients. The λ coefficient is chosen by cross-validating across the grid
and choosing the coefficients that minimize prediction error. I then calculate
the price per acre of a parcel as p̂i = β̂Xi, where

β̂ = argminβ ||p− βX||2 + α||β||2

The variables in this regression cover a range of physical, economic, and en-
vironmental variables. They were derived from the ZTRAX data and from using
the spatial coordinates given in the ZTRAX dataset to other data sources. These
countrols are lot size, county, year, land use, flood risk, DCR-estimated devel-
opment pressure, current land use, agricultural soil productivity, and weather.
The weather variables are annual precipitation, heating degree days, and cool-
ing degree days. The resulting model’s performance on the ZTRAX test set is
shown in figure 15.
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C Estimating Use Value

To estimate the use value of parcels, I draw on the use value estimates for agri-
cultural and forested land created by Virginia’s Use-Value Assessment Program.
Many of Virginia’s counties tax undeveloped land based on its use value, essen-
tially treating land as though the land was under easement. The Use-Value
Assessment Program, implemented by Virginia Tech economists with funding
and oversight from the state government, creates annual estimates of the per-
acre use value of forestal and agricultural land by county. These estimates are
then used as guidelines by local property tax assesssors. As such, they make a
reasonable estimate for the way an assessor might determine the post-easement
value of agricultural or forested land.

The program creates these estimates by estimating the capitalized present
day value of the future revenue stream that could be expected from a land use.
For the agricultural estimates, they use farm-level agricultural production data
from the USDA’s Census of Agriculture and state-wide data on the prices of
agricultural inputs and outputs to estimate the per-acre profits of agricultural
land in each county, and they use similar data on timber production to estimate
forest profits. They accommodate differences in climate and transportation
costs across the state by producing separate estimates for each county, and they
produce estimates for fair, good, and high quality land. These estimates are
redone annually to reflect changes in prices of agricultural products and inputs.
76 of 95 Virginia’s 95 counties have use value taxation and thus have estimates
through the Use-Value Assessment Program.

To apply these estimates to the sample of private conservation parcels, I
calculate the total use value for parcel i donated in county c at time t as

usevalueict = acresi∗(
3∑

q=1

agvalueqct∗agshare
q
i+

3∑
q=1

forestvalueqct∗forestshare
q
i

where acres is a parcel’s total acreage, agvalueqct is the agricultural use value
of land quality q in county c in time t, and agshareqi is the share of parcel i’s
land that is agricultural and of q quality. forestvalueqct and forestshareqi sim-
ilarly refer to the use value and land share of forested land. I fill in the missing
county’s estimates with the mean of the use-value assessments for the surround-
ing counties. Figure 16 shows the average per-acre value of these parcels. In
line with expectations, calculated use values for land are higher in the more
agriculturally productive and more densely populated eastern areas.

D Event Study Figures
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Figure 16: Estimated Use Values Per Acre
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Figure 17: Event Study Treatment Effect on Conservation Categories
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Graph denotes coefficients on year * large, with 2001 omitted as the baseline year of the
reform.
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Figure 18: Event Study Treatment Effect on Land Use
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Graph denotes coefficients on year * large, with 2001 omitted as the baseline year of the
reform.
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