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Abstract

Native ecosystem and biodiversity loss from land use conversion into human-

modified landscapes are evident in the United States and globally. In addition

to public land conservation, there is an increase in private land conservation

through conservation easements (CEs) across exurban landscapes. Not every

CE was established strictly for biodiversity protection and permitted land uses

can increase human modification. No research of which we are aware has

examined the actual tax assessor's land use designations (LUDs) through time.

We constructed granular CE datasets (GCED) of CEs and their parcels' tax

assessment LUDs for 1997–2008/2009, based on original data from 12 counties

in six US states. Using the GCED, we examined patterns in the LUDs, with

implications for land uses that could impact CE biological outcomes. We show

that LUDs on exurban private conservation lands were predominately residen-

tial and agricultural, with increased residential over time. Critically, the LUDs

lack a biological conservation exempt designation/category. There is no consis-

tent trend in association between the primary CE reason and its parcel's LUD,

suggesting that they coincide in some circumstances but in others, the CE may

be a response to contravene the LUD. The majority of the first CE reasons are

focused on open space preservation, except in some counties where agricul-

tural land uses and agricultural CEs are associated. The economically and
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human-focused LUD is one of many social factors that should be considered in

a classification system for private land conservation and CEs more specifically.

These results prompt the land conservation, conservation biology, and environ-

mental planning communities to explore assessed land uses' impact on biodi-

versity conservation objectives.
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1 | INTRODUCTION

Biodiversity is rapidly declining in North America and
globally (Butchart et al., 2010; Cardinale et al., 2012;
Kolbert, 2014), evidenced by the loss of almost 30% of the
North American avifauna since 1970 (Rosenberg
et al., 2019). This is partially attributed to habitat loss,
fragmentation, and other forms of disturbance from land
use change (Crooks et al., 2017; Hilty et al., 2006). Over
the past 50 years, human demand has “caused unprece-
dented rates of land and freshwater use” and increased
land conversion into agriculture and forestry that have
“contributed to increasing net [greenhouse gas] emis-
sions, loss of natural ecosystems…and declining biodiver-
sity” (IPCC, 2019, pp. 2–3). Land conservation is one
solution to slow that loss (Hilty et al., 2006) and the most
historically prevalent form is public land protection
(Protected Areas Database, 2023; IUCN Protected Areas
Categories 2004). However there is a growing interest in
private lands conservation since findings such as Riss-
man et al. (2007) suggest that “some or all of the habitat
for 85% of federally listed endangered species is found on
private land” (p. 710). In 2021, US President Biden's
Administration emphasized private landowners' volun-
tary stewardship to help protect 30% of the Nation's land-
scape by 2030 (Department of Interior, 2023), mirroring
similar global goals.

Conservation easements (CEs) are partial interests in
land that have proliferated over the past 40 years across
the United States and, more recently, globally (Fishburn
et al., 2009; Kamal et al., 2015; Yonavjak &
Gartner, 2011). They are deed restrictions that alter a
property owner's ability to use their property for extrac-
tive and intensive land use. A governmental entity or a
non-governmental not-for-profit entity known as a land
trust (LT) holds the severed property right (the CE),
enforcing against the property owner if they violate the
terms of the CE. LTs use more cost-effective land conser-
vation mechanisms like CEs in lieu of purchasing private
parcels, which can be prohibitively expensive (Kiesecker
et al., 2007).

According to Parker and Thurman (2018), CEs are
the dominant US mechanism for private land conserva-
tion, and “the government's main role is to set tax policy
and then let individual landowners and nonprofit organi-
zations determine the quantity and patterns of perma-
nent conservation under limited regulation” (p. 338).
While there is seeming separation of CEs and govern-
mental mandate (local, state, or federal), tax-setting and
ensuing property taxation can create use pressure or con-
version, as “many public policies influence private land
conservation both in the United States and elsewhere…
[including] the various incentives built into tax codes that
differentially tax developed and undeveloped land”
(Parker & Thurman, 2018, p. 338). The tax appraisal's
land use designations (LUDs) for CE properties are mal-
leable social constructs that are guided by factors beyond
the land's innate physical characteristics. These include a
combination of governmental decision-making through
aspirational land use planning and policies; social and
ethical will; adjacent land uses; market forces; and eco-
nomic valuation of current use. There is an inherent bias
in property taxation toward the highest and best use of a
property manifested in a governmental assessor's LUD
(CA State Board of Equalization, 2002, ch. 5). Govern-
mental property tax appraisal takes several forms
(i.e., market, cost, or income approaches) (CA State
Board of Equalization, 2002, ch. 6), but generally follows
the definition of highest and best use from The Appraisal
of Real Estate, as: “the reasonably probable and legal use
of vacant land or an improved property, which is physi-
cally possible, appropriately supported, financially feasi-
ble, and that results in the highest value” (Lennhoff &
Parli, 2020, p. 198). This is conceptually economic and
anthropocentric, focused on a single type of productive
and legally allowed use by which the property has been
designated through governmental land use controls.
However, the LUD for property taxation is not the same
as the zoning district in which the property exists; the
zoning determines the possible types of land uses, and
the appraiser considers the actual highest and best use
within the constraints of the property's zoning.
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The CE parcel(s)’ LUD(s) may not be a topic that LTs
traditionally consider, but the LUD can be a motivator
for the property owner to use or convert the land to a
higher intensity use or can influence the CE placement
decision to alleviate a tax burden. Consequently, the
LUD is a way in which the CE and the parcel's land use
can support conservation objectives, especially where
they are coincident—and sometimes where they are not
(Brunson & Huntsinger, 2008). The LUD may be a proxy
for the property's use—whether actual or avoided—and
is an unacknowledged but powerful land use mechanism
with the potential to affect the CE in ways that warrant
further exploration.

Unlike classification systems for public protected
areas that describe their allowable land uses and varying
degrees of dedication to biodiversity protection
(IUCN, 2004), there is little empirical understanding
about the prevalence of different forms of protection from
CEs. This is because CE parcel(s)’ LUDs often belie pre-
scribed classification and there is inherent flexibility and
individual onus that can be drafted into the CE instru-
ment. Some sources of variability include the heterogene-
ity of CE purposes; the LT standards for and tolerance of
existing and future land use intensity on CE parcels
(Cross et al., 2011); the tax assessor's LUDs for CE
parcels and potential to manifest that use, depending on
societal and political will; a range of biological impacts
associated with varying degrees of private discretion in
land ownership decisions and use(s) across the array of
diverse CEs instruments; and an inherent property tax
bias that creates an incentive for some landowners and
easement holders to put the property to economic and
anthropocentric (e.g., single-family development, natural
resource extraction or cultivation, etc.) use (Brunson &
Huntsinger, 2008).

The CE instrument itself is purposively heteroge-
neous, reflecting a breadth of permissible and socially
desired reasons under US regulations and state CE
enabling acts that include “agricultural, forest, recrea-
tional, or open-space use, protecting natural resources,
maintaining or enhancing air or water quality, or pre-
serving the historical, architectural, archaeological, or
cultural aspects of real property” (UCEA, 2007, Section 1
(1); McLaughlin, 2017). The intentional CE purpose
diversity increases the instrument's versatility and ubiq-
uity on a myriad of private lands with a range of LUDs.
The CE may support the purposes of the LUD, or they
may respond to the LUD, challenging its effect.

Many CEs were not intended for biodiversity protec-
tion; of the 119 CEs held by the Nature Conservancy in
eight US states, almost half were working landscape ease-
ments and allowed anthropocentric uses (Rissman
et al., 2007). Brunson and Huntsinger (2008) and Morris

and Rissman (2009) affirm the Rissman et al. (2007) find-
ings in additional studies in other locales. Some land uses
in private ownership are more compatible than others in
realizing mutually complementary objectives, especially
since urbanization and agricultural uses can degrade the
natural habitat and change the native species composi-
tion (IPCC, 2019; Lindenmayer, 2019; Reiner &
Craig, 2011). They can also effectuate biodiversity protec-
tion, depending on the level of development density and
the intensity and spatial placement of use (Farr
et al., 2017). Ranching and some CEs' conservation objec-
tives may be compatible, with a co-occurrence of interests
such as habitat and open space preservation, grasslands
maintenance, ecosystem services, invasive species
removal, and so forth (Braza, 2017; Brunson &
Huntsinger, 2008; Reiner & Craig, 2011; Rissman &
Merelender, 2008).

Concomitantly, there are no uniform standards in the
United States for the land uses on the properties eligible
for CE placement. Instead, they are subject to criteria
(if any) established by the LTs and other qualified CE
holders at the time that they agree to hold the CEs. The
Land Trust Alliance (LTA) has a rigorous LT accredita-
tion program that creates accountability via LTs' stan-
dards for CE acceptance, but accreditation is voluntary
and each LT maintains mission-based autonomy. The CE
property's existing land uses and the ability to continue
or intensify them may also have important for biological
protection. In 269 CEs from six US states, those that were
granted after 2000 showed an increase in intensive land
uses (building of structures, bounded timber harvests,
and grazing) or were drafted into the CE grantor's per-
mitted uses, reserving the ability to increase the uses over
time (Owley & Rissman, 2016).

Unlike public protected areas with overt designations
and associated management objectives, it has been chal-
lenging to make broad statements about CEs, the LUDs
on their parcels, and their biological impacts given the
volume of factors that influence where, why, and how
CEs manifest in the privately-owned landscape. Better
understanding of the CE manifestations and the variabil-
ity in its forms of flexibility could help to establish a clas-
sification system with permitted LUDs and levels of
biological protection on CE parcels. Focusing on one
facet of that CE flexibility, our study goals were to (1) dis-
cern whether there are patterns in the tax assessors'
LUDs of CE parcels, which might motivate CE placement
or impact their biological protection potential and/or
purposes; and (2) determine whether these trends could
contribute to an emerging classification system like that
for public protected areas. We systematically examined
the trends (but not causality) in the county tax assessor
LUDs of CE parcels to (1) identify categorical prevalence

DYCKMAN ET AL. 3 of 26

 25784854, 2024, 6, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.13130 by N

ational Forest Service L
ibrary, W

iley O
nline L

ibrary on [27/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



(if any) associated with CE use in 12 exurban areas; and
(2) evaluate the extent to which CE purposes and a CE
parcel's LUD for tax appraisal are correspondent or
divergent.

2 | METHODS

To meet our study goals, we created fine-scale CE data-
sets for 12 counties in six US states (CA, CO, MN, PA,
SC, and VA). These include Sacramento and Sonoma in
California, Boulder and Mesa in Colorado, Douglas and
Washington in Minnesota, Lebanon and York in Pennsyl-
vania, Charleston and Greenville in South Carolina, and
Albemarle and Loudoun in Virginia. Within each county,
we isolated the parcels on which the CEs were located
for the period of study (between 1997 and 2008 or 2009,
depending on data availability). We defined these parcels
as those with a CE that overlapped or covered any part of
that parcel. There are often one-to-one parcel-to-CE rela-
tionships, but a CE may also cover with multiple parcels
or only part of a parcel. We re-coded the county-level tax
appraisal LUDs with a master LUD guide to create uni-
formity and categorical breadth across counties, as each
county assessor has its own variations on types of land
uses, level of appraisal detail, and corresponding zoning
ordinances (Appendix S1). We define “LUDs” as the land
uses for which the property is being assessed/taxed (its
highest and best use within the constraints of the county
or city zoning) by county recorder's offices/local tax
assessors and modified for comparative uniformity across
the counties.

To briefly summarize our evaluation approach for
these Granular Conservation Easement Datasets (GCED)
for 1997–2008/2009, we ran our analyses on the master
LUD and the size of each CE parcel both within and
across the combined counties. We validated these ana-
lyses by checking the proportion of the LUD categories
for the CE parcels against the dominant LUDs both
across the counties and within the counties over time,
using a Bayesian generalized linear mixed model. The
analysis and dataset construction details are presented in
the following subsections.

2.1 | GCED county selection and
construction

We used the following three primary selection criteria/
guiding principles for state and county choice, which
were designed to meet multiple research objectives in a
larger project. First, our counties needed to be within
each Census region of the United States. and within the

states with the highest numbers of acres preserved in CEs
in each, without normalizing by urbanized area. They
needed to exhibit the following: urbanization pressures
(i.e., growth), CE quantity by county (the greater the bet-
ter, but at least more than 25 for statistical viability), and
an exurban character. We used the “exurban” definition
as a guiding but not entirely definitive principle
(i.e., greater than 0.15 people/ha (0.06 people/acre) or
“exurban” density as 0.68–16.18 ha per unit)
(Theobald, 2001). Accordingly, we captured residential
land use beyond the urban–suburban fringe that com-
prises parcels/lots generally considered too small to be
productive agricultural land use.

Our second selection criterion was Level 1 ecoregion
exemplification, choosing the biggest and most represen-
tative ecoregions in the contiguous United States, includ-
ing Marine West Coast Forest, Western Forested
Mountains, Mediterranean California, North American
Deserts, Great Plains, Eastern Temperate Forests, and
Tropical and Subtropical Coniferous Forest. US ecore-
gions are spatially hierarchical; Level 1 is the largest and
conceptually closest to biome (Bailey, 1995). Our third
criterion was to maintain a balance of states with state
easement enabling laws that mandate some form of land
use planning principles/public oversight in CE place-
ment. We coded and completed the datasets for the
counties, using manual coding with intercoder reliability
measures for 2823 CE documents, including the CE
reasons.

The GCED consists of all available CEs placed during
(and preceding, if there is an amendment) 1997–
2008/2009 in the county recorder's offices, with the
caveat that it was difficult to locate those that were more
broadly categorized as a “deed” rather than a CE.

2.2 | Master LUD process

For the master LUD process, we sought to preserve detail
while creating generalizability. The counties' assessors
each have their own set of LUD categories linked with
their taxation structure and state legislation. To compare
across counties, we coded each county with an LUD built
on a general appraisal value category (i.e., 1000 for resi-
dential), and then additional sub-categories for specific
LUDs (i.e., 1100 for single-family residential 1–4 units,
1101 for single-family dwelling within residential and
single family residential 1–4 units, etc.) (Appendix S1).

Critically, there are no assessor land use categories
specifically for open space or biological protection on pri-
vate land in our counties of study; even where the land is
forested, it is still assessed as a source of timber. There
are public government categories for wildlife parks and

4 of 26 DYCKMAN ET AL.

 25784854, 2024, 6, D
ow

nloaded from
 https://conbio.onlinelibrary.w

iley.com
/doi/10.1111/csp2.13130 by N

ational Forest Service L
ibrary, W

iley O
nline L

ibrary on [27/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



recreation (state and county) and greenbelts, and there
are categories that generally relate to preservation on pri-
vate land, including agricultural preserve and timber pre-
serve, and conservation and conservancy (Appendix S1).
But there is no distinct category identifying economic
value from biological protection since ecosystem services
often lack a traditionally defined market. Instead, the
governmental appraisal guidance recognizes open space
restrictions for agricultural lands, wildlife habitat, and
parks, and utilizes preferential assessment to reduce/limit
valuation accordingly. But the approach is state-
dependent (e.g., CA State Board of Equalization, 2002,
p. 16), and these lands are not entirely exempt, unlike
some other societally valued uses (e.g., churches and
schools). Additionally, vacant land is treated as the
potential highest and best use under the appraisal defini-
tion and is taxed accordingly.

2.3 | Limitations in the GCED
construction

We have the basic information associated with each par-
cel (size, value by year, LUD, etc.) but lack the ownership
information as part of our anonymity agreements with
the counties. Consequently, there could be multiple small
parcels held by a single owner with a conservation man-
agement strategy across them, despite their LUDs, and it
would not be revealed in our analysis. Parcels with CEs
during the period of analysis may have been omitted
because of recording problems in the recorder's offices
(Morris & Rissman, 2009). Accordingly, we triangulated
information with other existing datasets (i.e., the
National Conservation Easement Database), the spatial
layer of CEs, and information from LT websites. The
parcels also changed over time, with some dropping
out—whether from lack of taxation/change to an exempt
category or because they were subdivided—while others
are created during the period for the same reasons.
Through our CE spatial layer and associated parcel clean-
ing, we eliminated parcel duplication by verification with
legal descriptions (metes and bounds, township and
range), and manual curation of over 6322 records.

Some parcels did not have an LUD prior to the CE
placement, which may be attributed to parcel subdivision
and concurrent CE placement. To determine whether the
subgroup without a master LUD prior to CE placement
was like those with both a pre- and post-LUD, we com-
pared the proportion of parcels in each LUD category in
the post-CE using chi-square tests. Our results showed
sporadic difference by year and by county, without a con-
sistent trend or pattern across them. Consequently, we
ran analysis on each county for the summary statistics

noted below, and across the combined counties, with this
acknowledged bias. We also conducted more refined
assessment of the pre- and post-CE LUD subgroups, as
noted below.

2.4 | Poisson regression evaluating LUD
count representativeness

To assess the representativeness of the underlying land
use counts within and across counties, we used a Bayes-
ian generalized linear mixed model that was fit using a
Markov chain Monte Carlo sampling algorithm. The
model is constructed as follows. Let Yst denote the num-
ber of agricultural (residential) CEs in the sth county at
the tth time point and let nst denote the corresponding
total number of CEs, for s¼ 1,…,S. To investigate both
population and county-level trends, we assumed that:

Yst �Poisson nst exp β0þβ1tþb0sþb1stð Þf g,

where exp �ð Þ denotes the usual exponential function, β0
and β1 are population level regression coefficients, and t
denotes the time at which Yst was observed. Here b0s and
b1s are random effects allowing for a shift away from both
the population level intercept and slope for each county.
We assumed that bjs �N 0,σ2j

� �
, for j¼ 1,2 and

s¼ 1,…,S, and that bjs is independent of bj0s0 for all j≠ j0

and s≠ s0. To complete the model, we specified the fol-
lowing priors: σ�2

j �Gamma 1,1ð Þ, β0 �N 0,2ð Þ, and
β1 �N 0,2ð Þ. Based on these specifications, we con-
structed a Markov chain Monte Carlo sampling algo-
rithm to draw a sample consisting of 10,000 realizations
from the posterior distribution. We used this posterior
sample to estimate and draw inference on the
population-level trend (β1) as well as the county-level
trends (β1þb1s) in the usual manner.

2.5 | Analysis approach for trends in CE
parcel LUD and CE purpose

We calculated the following statistics for the nominal
master LUD and continuous parcel size variables, by
year, to meet our study goals: summary statistics (mean,
median, mode, standard deviation, variance, skewness,
and range), measures of dispersion (for nominal vari-
ables, frequency distribution, percentages, IQV; for con-
tinuous variables, range, variance, standard deviation,
percentiles, interquartile range), and measures of vari-
ability (coefficient of variance, standard error). We
assumed that vacant but designated should be treated as
the designated use because the appraisal literature does
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the same (CA State Board of Equalization, 2002). This
means that vacant agricultural is treated as agricultural,
while vacant residential is treated as residential. We rec-
ognize that there can be ranges in intensity associated
with the kinds of residential and/or agriculture that are
eligible for placement and their surrounding uses. Addi-
tionally, CEs can be present in an area zoned and
appraised for a particular use, but that use is restricted in
the CE language, and the LUD will remain the same. To
determine if mean CE parcel size differs significantly by
county, we performed a one-way ANOVA on the CE par-
cel size (Appendix S2).

There are several ways to examine data with both CE
and parcel unique identifiers. Accordingly, we conducted
the descriptive analysis three times; first, by choosing the
parcels that had a CE at some point during our time
period, revealing the basic LUD trends on these parcels.
Most of our analyses focused on this approach. Second,
we chose the parcels based on the unique CE identifiers
(meaning that a parcel could have more than one CE,
creating repetition in the parcel counts), revealing the
parcel LUDs associated with a CE each year. Third, to
conduct a more refined assessment of the pre- and post-
CE LUD sub-categories by differentiating the pre- and
post-CE placement analysis, we created subsets of those
with pre- and post-CE LUDs in each county for compari-
son, and we created subsets of those with no pre-LUD in
each county. We ran the same statistics noted above on
these subgroups, as well as Fisher's Exact test to examine
the relationship between the pre- and post-CE place-
ment LUDs.

To determine whether there was a relationship
between the CE purpose and the CE parcel LUD, we ran
a chi-square test (p <.05) on the first listed CE reason
and the first listed master LUD for the year in which the
CE was added to the parcel. We ran these tests on all CEs
in each year in each county and across the combined
counties. We acknowledge the embedded assumption
that the order of listing implies primacy in using both the
first CE reason and the first listed LUD. We note that a
significant association does not necessarily indicate simi-
larity of CE purpose and LUD; instead, it indicates the
presence of a pattern between the MLUDs and the CE
reasons by county.

3 | RESULTS

3.1 | LUD trends across all counties

Our results identify that most LUDs associated with CE
parcels are residential and agricultural. There is a distinc-
tive trend across the counties over time that demonstrates

an increase in CE parcels with residential LUDs
(Figure 1 and Appendix S3). Across the counties, the CE
parcels' top two LUDs with counts of 50 or greater in any
given year are residential (single-family dwelling, vacant
residential), followed by agriculture (Appendix S4). To
starkly illustrate this trend, we consolidated the LUDs
into their most fundamental grouping (residential, agri-
cultural, etc.), showing that residential is the dominant
LUD (Figure 1). It surpassed the agricultural parcel count
in year 2000, whether for all CE parcels over time or par-
cels with a CE each year.

The top three LUDs on parcels with a CE across all
counties in our timeframe were in agricultural and resi-
dential uses. Agricultural uses are highest in early years
(1997–1998), after which the dominance switches to resi-
dential in 1999–2009 (Appendix S4). The LUDs for par-
cels with a CE each year show a slightly more abrupt and
extreme shift from agricultural to residential dominance
by sheer parcel count, and it occurs in 2000, rather than
1999 (Appendix S4).

In the Poisson regression analysis, the population-
level trend parameter (β1), which represents a global rate
of change, was not significant for the residential or the
agricultural CE parcels (Table 1). This suggests that there
are no global time trends in the increase/decrease in CE
parcels (Table 1). Although not shown in the Table 1
results, additional Poisson regression found that only the
public government and institutional properties and
unknown LUDs had significant time trends across the
combined counties as a group; the unknown designation
decreases over time, with LUDs being assigned through
subdivision and parcelization.

3.2 | LUD trends by county

When further parsing the land use change trends in
each county separately, the top three LUDs divide the
counties into two groups over the 1997–2008/2009 time
period: those with dominant residential (Albemarle,
VA; Charleston, SC; Greenville, SC; Loudoun, VA; and
Washington, MN) (Figure 2) and those with dominant
agricultural uses, despite a residential creep (Boulder,
CO; Douglas, MN; Lebanon, PA; Mesa, CO; Sacra-
mento, CA; Sonoma, CA; and York, PA) (Appendix S4
and Figure 3). Although they do not perfectly corre-
spond to a geographic region or ecoregion, the residen-
tial dominance is present in Southeastern states
(VA and SC) while the agricultural dominance is in the
West (CA), Mountain (CO), and Northeast (PA)
(Figures 2 and 3).

The Poisson regression within each county shows that
Albemarle, Boulder, Charleston, Greenville, Lebanon,
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Loudon, Sacramento, Washington, and York had residen-
tial counts that were significantly different than the gen-
eral increase in each LUD for the general population of
CE parcels over time (Table 1). All of those, save
Lebanon, are significantly increasing. This significance
matches the dominant residential trend in some of the
counties, but three agriculturally dominant counties,
Boulder, Sacramento, and York, also experienced increas-
ing time trends in the number of residential CE parcels,
affirming the larger preponderance of residentially desig-
nated CE parcels across the combined counties (Table 1

and Figure 1). Although Lebanon was also agriculturally
dominant, it experienced a significantly decreasing time
trend in residential CE parcel count.

Within each county, Charleston was the only county
with coincidence of significantly increasing agriculture
over time and significant residential counts. Three of the
counties with dominant residential land uses over time
and positively significant residential time trends had sig-
nificantly decreasing agricultural time trends (i.e., Green-
ville, Loudoun, and Washington). York was the only
agriculturally dominant county to show a significant
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FIGURE 1 Consolidated trends in the LUDs over time for the CE parcels across the combined counties.

TABLE 1 Poisson regression results for residential and agricultural CE counts versus total CEs (* denotes significance).

Assessment level
over time County

Residential CE counts Agricultural CE counts

b_1s estimate 95% credible interval b_1s estimate 95% credible interval

Within county Albemarle, VA 0.02 (0.01, 0.031)* 0.077 (�0.051, 0.197)

Within county Boulder, CO 0.035 (0.006, 0.066)* �0.002 (�0.019, 0.014)

Within county Charleston, SC 0.132 (0.121, 0.143)* 0.151 (0.128, 0.175)*

Within county Douglas, MN 0.061 (�0.056, 0.185) �0.016 (�0.057, 0.026)

Within county Greenville, SC 0.195 (0.144, 0.244)* �0.087 (�0.133, �0.039)*

Within county Lebanon, PA �0.147 (�0.283, �0.008)* 0.013 (�0.017, 0.045)

Within county Loudoun, VA 0.081 (0.072, 0.089)* �0.09 (�0.128, �0.052)*

Within county Mesa, CO 0.038 (�0.036, 0.113) 0.053 (0.036, 0.07)*

Within county Sacramento, CA 0.236 (0.137, 0.334)* �0.011 (�0.033, 0.011)

Within county Sonoma, CA 0.046 (�0.014, 0.111) 0.035 (0.008, 0.063)*

Within county Washington, MN 0.045 (0.035, 0.056)* �0.23 (�0.258, �0.201)*

Within county York, PA 0.062 (0.047, 0.077)* �0.027 (�0.037, �0.017)*

Across counties All counties 0.029 (�0.009, 0.080) �0.029 (�0.106, 0.045)
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decreasing time trend in agricultural CE parcels. In con-
trast, two agriculturally dominant counties, Mesa and
Sonoma, showed significantly increasing agricultural
time trends (Table 1).

3.3 | LUD change after CE placement

We refined this analysis by examining the subset groups
of CE parcel LUDs pre- and post-CE placement, and the

FIGURE 2 Counties with residential LUD dominance over time, by parcel. OT = LUDs for all CEs over time. TY = LUDs for parcels

with a CE in that year.
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FIGURE 2 (Continued)
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CE parcels with a LUD-only post-CE placement. This
revealed the composition of the dominant LUDs, both
pre- and post-CE placement; whether the original LUD
shifted once the CE was placed; and whether there was
any difference (by dominant land use category, size of
parcels, etc.) between the subset groups of pre- and post-
CE, and post-only. In the pre- and post-LUD subset, agri-
culture was the dominant LUD by parcel count prior to
CE placement in nine of the 12 counties (Table 2). And it
remained the largest category post-CE placement in six of
the 12 counties. Douglas, Mesa, Sacramento, and Sonoma
are the same counties that showed agricultural domi-
nance in the overall CE parcel count; post-CE place-
ment, Boulder shifted to public government and
utilities/county. Both Loudoun and Washington were
agriculturally dominant prior to CE placement, but
Loudoun switched to vacant/miscellaneous vacant and
Washington became dominant residential after
CE-placement. The other dominant pre-CE LUD is res-
idential in three of the 12 counties (Albemarle,

Charleston, and Greenville) and that trend remained
after CE placement.

Only two counties showed a high percentage of
parcels with LUD change after CE placement
(Loudoun (67.66%) and Washington (64.95%))
(Table 2). Approximately a quarter of pre- and post-
LUDs changed in five other counties (Boulder
(31.97%), Charleston (23.02%), Douglas (25%), Green-
ville (29.59%), and Lebanon (27.13%)), yet their top
three LUD categories remained the same—except in
Boulder. The designations in the other five counties
(four agriculturally dominant and one residentially
dominant) remained virtually the same, with less than
7% change post-CE placement.

Comparing the LUDs for the two parcel subset groups
in each county showed that the majority (10 counties)
have the same post-CE dominant land use category
(Table 3). Only Boulder and Loudoun displayed a differ-
ence between the subsets, with agricultural dominance in
the Boulder post-only subset, and residential dominance

FIGURE 2 (Continued)
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FIGURE 3 Counties with agricultural LUD dominance over time, by parcel.
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FIGURE 3 (Continued)
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FIGURE 3 (Continued)
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in the Loudoun post-only subset. Additionally, the post-
only LUDs are solely agricultural (six counties) and resi-
dential (five counties); Douglas had no post-only data, so
it is omitted from the table. The mean size of the post-
CE-only parcels is smaller than those in the pre- and
post-CE subset group in six of the counties; Lebanon,
Mesa, Sonoma, Washington, and York have slightly
larger mean parcel sizes in the post-only group. Of those,
Washington is the only residentially dominant county,
while the rest are agriculturally dominant. This differen-
tiation between parcels with a pre- and post-LUD and
those with only a post-LUD generally mirrors the trends
in the combined analysis.

3.4 | CE parcel sizes in aggregate and
by LUD

The mean size for parcels with a CE in a given year are
almost all smaller than the recommended minimum

open space area (150 ha) for conservation developments
(CD) to support biodiversity conservation, except in
Greenville (Table 4 and Appendix S5) (Farr et al., 2017).
It is important to note that a CD is comprised of multiple
parcels, and the residential parcels may be significantly
smaller than the conserved open space area(s). Or there
may be smaller residential parcels with a percentage of
conserved space that in total, achieve the 150 ha, rather
than relying on a single conservation parcel. Nonetheless,
Greenville, with residentially dominant LUDs, had the
largest mean parcel size in any given year (196.38 ha in
2003), followed by Mesa, Sacramento, and Sonoma,
which are predominately agricultural.

The medians suggest that mean CE parcel size is
skewed by a few larger parcel outliers, especially in some
counties (Appendix S6). Within county, the median par-
cel size falls into one of three trends. These are the resi-
dentially dominant LUD counties, and they have
medians that are consistently lower than 8.09 ha
(20 acres) in all years, including Charleston (appreciably

FIGURE 3 (Continued)
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lower in each year), Greenville (particularly when com-
pared to its mean, which is the highest of the counties),
Loudoun, and Washington. The second trend is medians
that are consistently higher than 8.09 in all years, includ-
ing Albemarle, Douglas, Lebanon, Mesa, Sacramento,
Sonoma, and York. All but Albemarle are agriculturally
dominant in LUD count. The third trend is a median that
starts out higher than 8.09 but drops below over time;
Boulder is the only county to follow this pattern, with
median values below 8.09 ha from 2002 to 2009, despite
being agriculturally dominant. Across the counties, the
medians are consistently lower than 8.09 ha each year,
ranging from 0.26 at its lowest in 1997 to 3.77 at its high-
est in 2008 and 2009 (Table 4 and Appendix S6). These
data show that despite the higher count in residential
LUDs, the agriculturally designated parcels are larger
across the counties (Appendices S4 and S6).

When comparing mean parcel size by LUD, although
lower in parcel count, recreational land use had the high-
est mean parcel size of the LUDs at greater than 70 ha
(Appendix S6). This affirms Brenner et al.'s (2013) find-
ings, although agricultural LUDs, the second highest in
parcel count, had a mean slightly lower than 70 ha. Resi-
dential was the third lowest in mean size but highest in
parcel count. These results are qualified by the fact that
we have not empirically tested the difference between the
parcel sizes in the remainder of the counties—in part,
because the parcel sizes within the urbanized areas are
likely to be smaller. There is definite variation across and
within the counties, illustrated by the standard deviation,
and by one-way ANOVA of the means of the parcels with
a CE at some point in time during our timeframe
(Appendix S2).

3.5 | CE parcel land use and CE purpose
compatibility

The counts in the first listed CE reason over time (1997–
2009) across the counties show open space preservation
as the highest (20.30%), followed closely by agricultural
viability/livestock (18.53%), and then scenic value, natu-
ral condition, and governmental conservation policy/
open space program under the federal tax code for CE
purposes in smaller volume (9.24%, 7.14%, and 6.79%,
respectively) (Appendix S7 and Table 4). The other rea-
sons are depicted on other graphs within Appendix S7.

When examined over time within the counties or
across the combined counties, the first listed CE purpose
and its parcel LUD do not have consistent significant
associations with each other (Table 4). Only six of the
12 counties show a significant association between
the first listed CE purpose and the LUD. Of those, threeT
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have predominant residential LUDs and the CE purpose
is disparate (i.e., open space preservation, natural condi-
tion/resource values, or scenic value/beauty) (Loudoun,
Greenville, and Washington). The other three have pre-
dominant agricultural LUDs and the same CE purpose
(i.e., agricultural viability/livestock) (York, Boulder, and
Mesa). Analysis over time across the combined counties
shows a significant association between the predominant
LUD (agriculture from 1997 to 1998, and residential from
1999 to 2000) and the first CE purpose (open space pres-
ervation). However there are six counties without a sig-
nificant relationship and their first CE reasons vary
(Table 4). When regionally grouped, there is little consis-
tent pattern of significance, except that two agriculturally-
dominant counties with a significant association are in the
same state (CO). Also in the western region of the
United States, two counties in the same state (CA) do not
have significant associations. But the rest of the counties
differ from the other county in their state. Additionally,
the first listed CE reason by highest percentage in half of
the counties is agriculturally related (either agricultural
viability/livestock, or soil), all of which also have agricul-
turally dominant LUDs. Three counties have open space
preservation or natural conditions as their dominant pur-
pose, and two of the three are residentially dominant in
LUD. Only two counties (Albemarle and Charleston, both
residentially dominant) have a majority of biologically
related first CE reasons (Table 4).

4 | DISCUSSION

We have established a baseline of information about and
revealed patterns in tax appraisal LUDs of CE parcels
over a decade (1997–2009) in geographically- and eco-
regionally-representative exurban areas with growth
pressure. Our results show that the predominant LUDs
assigned through local policy (i.e., the assessor's office)
are highest by count in residential—whether a single-
family dwelling, vacant but designated residential, or res-
idential generally, followed by agricultural working lands
(Levin, 2014) (Appendix S4). There are also distinct sub-
trends when assessing the counties individually, with the
top three LUDs in two groupings over the 1997–
2008/2009 period: those with dominant residential and
those with dominant agricultural uses. The agricultural
properties, while lower in overall count, are larger in
physical size than the residential parcels across the
counties over time. Recreational parcels were so low in
annual count (10 or fewer per year) that they barely man-
ifested in Figure 1, but they are physically the largest of
all the CE parcel LUDs. In terms of the assessor-assigned
LUD and its relation to CE placement, CEs are employed

on agricultural aka “working” lands, and on residential
properties, both in the cross-county and within-county
examinations (i.e., pre- and post-CE placement LUDs
and post-only LUDs).

It is integral to understand these LUDs for CEs
because counties make the designation based on current
or potential economic parcel valuation and tax accord-
ingly, possibly incentivizing land conversion. While man-
ifestation of a particular land use is not inevitable, the tax
category can induce use even after CE placement, unless
expressly prohibited in the CE (Brandt, 2014; Polyakov &
Zhang, 2008). The CE has the power to complement an
LUD (e.g., a CE with agricultural purposes on a parcel
with an agricultural LUD) or to frustrate it (e.g., a CE
that prevents residential subdivision on a parcel with a
residential LUD), depending on both the LT and the
property owner's intent (Parker & Thurman, 2018). Some
economically valuable land uses are compatible with bio-
logical protection objectives (Farr et al., 2017), but some
are overtly detrimental. The IPCC (2019) report on land
finds that current conversion to residential and agricul-
tural land uses contributes to biodiversity loss, but it is
not clear whether CE placement in the GCED is a
response to the existing LUDs to improve/restore biodi-
versity, or for another reason entirely (e.g., counteracting
development pressure on agricultural lands). Other find-
ings suggest that preferential assessment to minimize
appraisal utilization only slows land conversion on non-
CE lands (Brandt, 2014; Polyakov & Zhang, 2008), while
CEs may prevent it.

Instead, there is an argument for tax appraisers to
institute a biological conservation exempt designation for
private lands that resembles the approach to other socie-
tally valued services (e.g., churches, governmental insti-
tutions, etc.). This would acknowledge the broader
societal value from climate change and biodiversity pro-
tection that manifests in such a land use. Parker and
Thurman (2018) identify the conservation versus devel-
opment value issue as “an incentive misalignment…
because easements are appraised by foregone develop-
ment values rather than by the value of the public-good
amenity flows generated from undeveloped land”
(p. 345). It is a novel approach to effectuate externality
internalization that is distinguished from assessing a land
area tax instead of a land value tax (Brandt, 2014). As
Brandt (2014) states, “there is a long tradition of granting
property tax exemptions to people or activities that are
viewed as vulnerable or to promote desirable activities.
Educational, religious and charitable institutions are
exempted from property taxes in many countries” (p. 14).
This designation could correspond to CE placement;
depending on the biological value of the ecosystem ser-
vices from the unconverted land use, a property owner
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might receive payment in addition to the tax exemption.
This would further solidify a market-based approach to
valuing ecosystem services. Already, two of the counties
show a change toward an LUD with lower appraised
value post-CE placement (Boulder and Loudoun), sug-
gesting potential for compensatory policy actions such as
subsidized conservation land uses. However, there are
substantial caveats to instituting additional fiscal subsi-
dies, including significant considerations of CEs' physical
location in connection to other conserved lands (connec-
tivity, habitat conservation potential) and the social value
of their relative public access. Based on this and other
research, optimal policy approaches would weigh individ-
ual fiscal benefit for the CE landowners, social detriment
from permanent displacement of other societally valued
land uses, and social value from potential ecosystem ser-
vices (Merenlender et al., 2004).

Nonetheless, the GCED are poised to address the
issue of valuation pressure driving land use because
the study locations are exurban areas with competing
societally valued land uses. Our county selection ratio-
nale was based on the rapid and spreading pattern of
exurban growth and the use of CEs to preserve the
remaining areas of social and ecological value as defined
by the LTs and the federal tax code (Theobald, 2004). Our
county selection criteria included evidence of a positive
growth rate, which could impact some of the residential
significance within the counties. Regardless of county or
state, there is an evident trend in the tax appraisal-based
LUDs associated with 2823 CEs. However, we are unable
to state whether there is compatibility between the LUDs
and the conservation objectives in the CEs since only six
counties showed significant association. In those, the cor-
responding LUD was agricultural, with an agricultural
CE purpose for three counties. Where the residentially
dominant LUD counties had significant association with
their CE reasons, those reasons included: open space
preservation, natural condition/natural environment/
nature resources values, and scenic value/beauty. These
patterns suggest an association between working lands
(i.e., agricultural LUDs and agricultural CEs) but more
variability in the kinds of CE reasons and
residential LUDs.

Consequently, the LUD should be considered a basic
element if creating a classification system for private land
conservation strategies, particularly with CEs that con-
tinue to permit anthropocentric uses. The intensity of use
that results from tax appraisal, coupled with parcel size
and CE purpose, can impact biodiversity protection
objectives in several ways. The sheer volume of smaller
residential parcels suggests that the type of residential
development in the counties may not conform to lower
environmental impact conservation subdivision designs

(Farr et al., 2017). The variability in the significance of
the association between the tax assessor's LUD and the
first CE reason for individual counties suggests that there
is no definitive trend in their compatibility. Even if rem-
nant areas have ecological value (Wintle et al., 2019),
there is a well-established literature on biodiversity out-
comes from larger versus smaller habitat areas and the
benefits of reduction in human-species interactions
(Laurance, 2009; MacArthur & Wilson, 1967; Soulé &
Simberloff, 1986).

More importantly, the predominant and primary CE
reason over time is open space preservation, which may
promote—but is not overtly intended for—biodiversity/
habitat protection. This finding challenges an implicit
assumption that CEs promote ecological conservation,
biodiversity, and habitat preservation (Bastian
et al., 2016; Kiesecker et al., 2007; Stroman &
Kreuter, 2014). However, open space preservation is the
second reason cited for CE use in Kiesecker et al.'s (2007)
study and, as Hilty et al. (2006) and the IPCC (2019) note,
it may be increasingly imperative in a time of land use
fragmentation/change and climate change. Additionally,
a CE's primary purpose does not preclude complemen-
tary purposes (which were not assessed in this article),
and most CEs in the population had numerous listed pur-
poses. Open space preservation is compatible with and
may promote habitat protection and biodiversity,
whether overtly or as a serendipitous by-product, depend-
ing on the CE parcels' land use(s).

With the second-highest CE purpose for agriculture
viability/livestock (over time, across the combined
counties) and the dominant reason in six counties, our
results affirm that LTs are employing CEs for farmland
protection as a conservation priority (LTA, 2016). Using
the full population of CEs (2823) held by numerous LTs
over the decadal period in our chosen counties, our
results expand Rissman and Merelender's (2008) geo-
graphically localized finding and validate and generalize
Rissman et al.'s (2007) finding that almost half of the
119 sample CEs were working landscape CEs. We qualify
our results by the fact that use intensity ranges with use
typology, and in some circumstances, working lands can
co-exist with biological objectives from CE placement
(Braza, 2017; Brunson & Huntsinger, 2008). Residential
land use on a CE parcel can continue without defeating
the CE purpose depending on parcel size and the land-
scape matrix (Farr et al., 2017; Rissman et al., 2007).

Our results may prompt the land conservation policy,
conservation biology, and environmental planning com-
munities to further examine the relationship between
LUDs for tax appraisal on CE parcels and biodiversity
protection objectives, especially since residential use
could impact ecosystems (Hilty et al., 2006; Rissman
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et al., 2007) unless the parcels are sufficiently large or sit-
uated in a greater natural matrix (Farr et al., 2017). It is
possible that those CEs that allow continued human land
uses are being used to buffer rather than protect and
restore tracts of pristine, core habitat areas or corridors.
It is not clear whether the use(s) associated with the des-
ignated LUD will change over time on CE lands, warrant-
ing further examination given variability in levels and
permissibility of activities on different CEs that may
respond to or prevent them. If the CEs' ultimate policy
intent remains to conserve lands for ecosystem function
(UCEA, 2007), our findings suggest that the intensity of
LUDs for tax appraisal and the size of those parcels may
impede this biodiversity objective (provided the deeds
themselves do not limit allowed uses and also dependent
on the landscape matrix composition (Lindenmayer,
2019)). The question becomes whether—regardless of
explicit purpose—the CEs are promoting biodiversity
protection objectives on these LUDs, and the extent to
which the appraisals intensify and contribute to further
conversion through property taxation that realize societal
land use goals (Hilty et al., 2006; Rissman et al., 2007;
Brandt, 2014; Owley & Rissman, 2016; IPCC, 2019). As a
private land conservation policy mechanism seeking to
balance competing social and ecological needs, the CE is
nuanced, contextual, and layered, involving many
assessed land uses, and we encourage further examina-
tion of its efficacy in changing land conversion, contrib-
uting to private land conservation categorization, and in
realizing biodiversity protection.
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