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Public and private programs have preserved an estimated 730,000 ha of agricultural land in the United
States by acquiring agricultural conservation easements (ACEs) that retire a property’s development rights.
ACEs could be a potent tool for smart growth if strategically targeted. This paper attempts to quantify
measures of strategic targeting of ACEs as guidance for planners. Evaluating the placement of 157 ACEs
in the San Francisco Bay Area of California produced mixed results. Preservation and development of
trategic conservation planning
patial targeting
IS
mart growth
armland preservation
rban growth boundaries

agricultural land were both consistent with general plans. In contrast, we found little evidence of ACEs
being used on a regional scale either to reinforce urban growth boundaries or to coalesce with other open
space to form large contiguous blocks of protected areas. We used the TOPSIS method (Technique for
Order Preference by Similarity to Ideal Solution) to identify the most strategic agricultural lands, which
are quite different from where easements have been established through 2002. We encourage planners
to consider strategic targeting of ACEs as a politically acceptable mechanism to complement traditional
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Farmland preservation has advocates on both sides of the
ural–urban fringe in the United States. On the urban side, smart
rowth advocates endorse saving farmland to maintain access to
ural amenities for city dwellers. By limiting low density urban
xpansion into rural areas, the smart growth movement hopes to
educe reliance on the private automobile, minimize costs of com-
unity services and infrastructure, preserve open space, promote

he redevelopment and revitalization of urban centers, and increase
he recognition of interdependence across the metropolitan area
Downs, 2001). The growing interest of urban consumers in locally
rown food is one expression of interdependence that is relevant to
armland preservation. Loss of farmland on the rural–urban fringe
erves to undermine the quality of urban life. On the rural side,
armland is preserved in many parts of the United States to defend
arms, and particularly the most productive farmland, from relent-
Please cite this article in press as: Stoms, D.M., et al., Strategic targeting
tool. Land Use Policy (2009), doi:10.1016/j.landusepol.2009.02.004

ess sprawl and to maintain the agrarian lifestyle. Urban and rural
erspectives on farmland preservation have generally not been sys-
ematically conjoined either in practice or in research.
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Regardless of the motivation for farmland preservation, there
re many mechanisms available, spanning the regulatory, legal,
axation, and acquisition pathways. One of the most widely used

echanisms is to purchase the development rights on agricul-
ural land from willing landowners. The landowner either sells or
onates their development rights to the purchase of development
ights (PDR) program. With this mechanism, an agricultural con-
ervation easement (ACE) is placed on the deed to the property
hat permanently restricts the amount and type of development
hat can occur. PDR programs are popular in the United States
ecause participation is voluntary and landowners are compen-
ated by direct payment or tax relief for the reduction in the value
f their property or both. Although PDR programs are often referred
o as farmland preservation programs, in this paper we will speak of
PDR programs” as those that acquire ACEs and “farmland preser-
ation” for the suite of mechanisms, including PDR programs. We
ill use “ACE” when speaking of the specific farms that have been
reserved.

Geographical targeting of ACEs has recently been recognized
s a potentially effective tool for augmenting urban growth poli-
ies that is politically acceptable to most American interest groups
of agricultural conservation easements as a growth management

Thompson, 1996; Daniels and Lapping, 2005; Sokolow, 2006a).
trategically located ACEs can potentially block growth from
nsuitable areas, while maintaining rural amenities near urban res-

dents (Thompson, 1996). In a recent study by Sokolow (2006b),
tructured interviews with planners, PDR program managers, agri-

dx.doi.org/10.1016/j.landusepol.2009.02.004
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ig. 1. Location map of the San Francisco Bay Area study region and the locations of
and use.

ultural leaders, and real estate experts revealed their qualitative
erceptions that some programs have influenced patterns of urban
rowth by complementing growth management mechanisms such
s zoning, infrastructure, and urban growth boundaries (UGBs). On
he other hand, some programs that have preserved large easement
ortfolios have not had any apparent influence on urban growth
Sokolow, 2006b). To be able to monitor the strategic value of ACEs
r to strategically target areas for ACEs will require new methods
f spatial analysis (Sokolow, 2006b), such as those used for target-
ng forest management (Carver et al., 2006) or retiring agricultural
Please cite this article in press as: Stoms, D.M., et al., Strategic targeting
tool. Land Use Policy (2009), doi:10.1016/j.landusepol.2009.02.004

and (Marshall and Homans, 2004). Many writers have noted the
ack of evaluations of the strategic effectiveness of farmland preser-
ation programs (Mundie, 1982; Heimlich, 2001; Hollis and Fulton,
002; Bengston et al., 2004; Daniels and Lapping, 2005). Some spa-
ial evaluations of PDR programs analyzed the tradeoffs between

t
t
a
o
a

ltural conservation easements (as of 2002) in the context of urban and agricultural

armland preservation objectives (Lynch and Musser, 2001). Simi-
ar studies have examined the effect of urban growth boundaries
n new development (Carlson and Dierwechter, 2007). Spatial plan-
ing models have been used to project future urban development
nder alternative growth policies and then to assess the loss of

armland (Bradshaw and Muller, 1998; Frenkel, 2004).
Prioritizing farmland for ACEs is typically performed in a spa-

ial multicriteria analysis in which various social objectives can
e integrated (Tulloch et al., 2003; Zurbrugg and Sokolow, 2006).
achado et al. (2006) offer a conceptual framework for quantifying
of agricultural conservation easements as a growth management

he social value of preserving farmland for agricultural produc-
ivity, maintaining rural amenities and ecosystem services, and
ugmenting urban growth policies. They demonstrated the latter
bjective by a criterion related to reinforcing urban growth bound-
ries as an example of the potential contribution of farms to an

dx.doi.org/10.1016/j.landusepol.2009.02.004
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rban growth objective. In the most comprehensive frameworks,
he cost of purchasing development rights is considered explicitly
n order to achieve the most conservation value for the available
udget (Machado et al., 2006; Messer, 2006). These frameworks try
o balance benefits and costs, since protecting expensive farmland
ight on the rural–urban fringe will result in less land preserved
hereas the least expensive land is typically far from the urbaniz-

ng edge where it adds little in net public benefits in terms of urban
rowth. However, the likelihood that landowners will voluntarily
elease their development rights is also related to the market value
f their farmland, which in turn reflects its potential for develop-
ent. Duke (2004) and Lynch and Musser (2001) found that the

DR programs they examined tended to select farms at low risk
f conversion. For similar reasons, landowners closer to cities are
ften less likely to choose to participate in PDR programs (Lynch
nd Lovell, 2003).

The planning literature offers little guidance for integrating
he complementary approaches of urban planning and farmland
reservation. There is no common definition or set of metrics
f strategic targeting of ACEs. As used by other authors, strate-
ic targeting includes a suite of objectives, including protecting
mportant farmland that is vulnerable to development, forma-
ion of large contiguous blocks of protected open space including
armland, reinforcing urban growth boundaries, maintaining sep-
rators between converging communities, reducing development
ressure on nearby farms, or protecting farms in designated prior-

ty areas (Thompson, 1996; Daniels and Lapping, 2005; Sokolow,
006a). Generally these objectives are difficult to translate into
appable criteria. Some objectives, such as preserving large con-

iguous blocks, may be more straightforward to measure but are
evertheless indirect surrogates for more complex objectives per-
aining to the viability of agriculture in the local economy and
ffectiveness in shaping patterns of urban growth. Here we define
strategic targeting of ACEs” as geographic targeting to form large
locks of permanently preserved agricultural land in locations that
re consistent with and help define the desired pattern of future
rowth according to the principles of smart growth. Note that tra-
itionally the primary objective of PDR programs is to retain prime

armland in agriculture.
In this paper we present several criteria for evaluating the strate-

ic value of ACEs in the context of the multicriteria framework for
armland preservation suggested by Machado et al. (2006). That
ramework ranks agricultural land for its multiple benefits and
he cost to preserve it. This paper focuses on quantification of one
pecific benefit, namely support for growth management policies,
hich is quantified independently from productivity of the soil and
rovision of rural amenities. We illustrate how geographic informa-
ion system (GIS) and statistical analysis of spatial data can be used
o measure the pattern, size, and proximity of land uses from the
an Francisco Bay Area of northern California. Our study proposes
hree subcriteria for measuring strategic value: consistency with
and use plans, reinforcement of UGBs, and the size of contiguous
locks of protected open space. The spatial analysis allows us to
ddress the following specific questions:

1. Are the preservation (through ACEs) and development of agri-
cultural lands consistent with general plans?

. Do agricultural conservation easements reinforce urban growth
boundaries?

. Have agricultural conservation easements been located near
Please cite this article in press as: Stoms, D.M., et al., Strategic targeting of agricultural conservation easements as a growth management
tool. Land Use Policy (2009), doi:10.1016/j.landusepol.2009.02.004

other public open space?
. How do actual easements compare to an ideal strategic set?

This type of study can assist planners in two interconnected
asks: (1) monitoring the placement of ACEs with respect to strate- Ta
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Table 2
Independent variables used in logit modeling of probabilities of ACEs. The three strategic variables were also used in the TOPSIS (ideal point) scoring analysis.

Independent variable Description Source of GIS data

Strategic variables
Proportion of unbuildable land The proportion of 1984 agricultural land in the parcel zoned for rural uses

(Unbuildable) in general plans, ranging from 0 to 1. Includes land use classes of
Agriculture, Very Low Density Residential, and Open Space. Land use classes of
Low/Medium/High Density Residential, Industrial, Commercial, Urban Reserve,
Planned Development, and Mixed Use were excluded (i.e., Buildable).

GIS layer of general plans from
California Resources Agency and
University of California 2004.

Urban growth boundary score The region was divided into four zones relative to the location of UGBs and
scores for strategic value were assigned (shown in parentheses)—inside the
UGB (score = 0), in a 3 km buffer outside the UGB (10), beyond the 3 km buffer
(3), and areas where UGBs were not enacted (1).

GIS layer of UGBs from Association of
Bay Area Governments 2005.

Proximity to open space The maximum proportion of protected open space in a 1500 m radius
(approximately 1 mile, Lynch and Liu, 2007) around grid cells in a parcel,
ranging from 0 to 1.

GIS layer of fee simple open space
parcels extracted from GreenInfo
Network.

Other variables
Proximity to urban edge The average proportion of developed land in a 1500 m radius around grid cells

in a parcel, ranging from 0 to 1.
GIS layer of urban lands extracted from
California Farmland Mapping and
Monitoring Program 1984.

Proportion of High Quality Farmland The average proportion of agricultural land in a parcel that is classified as High
Quality Farmland (HQF: Prime Farmland, Farmland of Statewide Importance,
and Unique Farmland), ranging from 0 to 1.

GIS layer of farmland quality from
California Farmland Mapping and
Monitoring Program 1984.
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growth policies, rather than preserving productive farmland, blocks
could include other types of public open space (Daniels and Bowers,
1997).

Table 3
Chi-square test and Bonferroni 95% confidence intervals (CI) for the occurrence of
ACEs and urban land conversion in relation to the availability of agricultural land in
the Buildable and Unbuildable land use classes in local general plans.

Allowable Use % area
observed

95% CI % area
available

Selection

ACEs
County Dummy variable used for fixed effect
variable, with values of 1 if parcel is l

ic measures, and (2) assisting PDR programs in targeting strategic
ocations to most effectively augment urban growth policies. The
tudy is limited to patterns of land use with respect to strategic
riteria and does not attempt to determine whether ACEs have actu-
lly influenced the process of urban development. In ‘Discussion’
e suggest an extension of this study that could address this more

omplicated research question. We do not intend the analysis as a
ritique of specific PDR programs because their goals are not nec-
ssarily to be strategic as we have defined the concept here. We
caled our analysis to the regional land market rather than a sin-
le county in an attempt to control for “spillover effects” (Mundie,
982).

aterials and methods

easures of strategic placement of ACEs

Consistency with plans: A community expresses its desired
rowth pattern, however imperfectly, through its general or com-
rehensive plan and associated zoning. Many PDR programs tend
o select land that is zoned for agriculture and therefore has
ome long-term community support for that continued use. One
ould expect, therefore, that ACEs would be preferentially located

n agricultural zoning or other low intensity use classes, while
evelopment would occur preferentially in the buildable zoning
lasses.

Reinforcement of UGBs: Hart (1991) used the metaphor of a
bow-wave” to characterize the rural–urban fringe where land
alues have increased in anticipation of urban expansion. Urban
rowth boundaries are lines designated by cities or counties beyond
he current urban development to accommodate a politically deter-

ined bow-wave of expected growth for the next 10–20 years
Daniels and Bowers, 1997; Bengston et al., 2004; Sokolow, 2006a).
ypically investments in infrastructure such as new sewer and
Please cite this article in press as: Stoms, D.M., et al., Strategic targeting
tool. Land Use Policy (2009), doi:10.1016/j.landusepol.2009.02.004

ower lines are limited to lands inside the UGB as a disincentive to
evelopment beyond it. If PDR programs were consistent with local

and use policy, one would expect that agricultural conservation
asements would not be located inside the UGB. To be strategically
ocated according to our criteria, most ACEs would be located in a

U

of the eight counties was used as a
in that county, else 0.

and adjacent to UGBs. As with the general plan criterion above,
he degree of reinforcement can be tested by a comparison of pro-
ortions of ACEs and development inside the UGB, adjacent to it, or
emote from it. In targeting for this criterion, Machado et al. (2006)
efined a band of 3 km width outside the UGB as the most strategic
rea to preserve farmland (Dietzel et al., 2005), corresponding to
art’s bow-wave.

Size of contiguous blocks of protected area: PDR programs strive
or large, contiguous blocks of preserved agricultural land because
hey minimize land fragmentation and the length of the urban-
gricultural fringe where conflicts with residential neighbors are
ore likely. Many PDR programs specifically favor proximity to

xisting ACEs in ranking unprotected farms (Lynch and Musser,
001; Sokolow and Zurbrugg, 2003; Tulloch et al., 2003; Zurbrugg
nd Sokolow, 2006). In the beginning stage of a PDR program, blocks
ill be small simply because the total area preserved is limited.
ver time, blocks should expand if new ACEs are strategic or they
ill remain small if they were chosen at random spatial locations
ithout regard to previously acquired ACEs. This can be tested

y tracking the median size of easements and of blocks (Brabec
nd Smith, 2002). Because this objective aims to augment urban
of agricultural conservation easements as a growth management

Buildable 13.0 5.4–20.5 24.9 Against
Rural (Unbuildable) 87.0 79.5–94.6 75.1 For

rban conversion of agricultural land
Buildable 81.9 73.2–90.5 24.9 For
Rural (Unbuildable) 18.1 9.5–26.8 75.1 Against

dx.doi.org/10.1016/j.landusepol.2009.02.004
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Table 4
Marginal effects of the logit regression on probabilities of ACEs. County fixed effects are included in the analysis.

Independent variable Marginal effect on
probability of an ACE

Huber–White standard errors
(spatially dependent standard errors)

Strategic variables
Proportion of unbuildable land −0.006814*** 0.2869 (0.3076)
Urban growth boundary score 0.00231*** 0.02332 (0.03493)
Proximity to open space −0.000035*** 0.00115 (0.00144)

Other variables
Proximity to urban edge −0.000027* 0.001421 (0.001426)
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cities without a UGB. Again a chi-square analysis was conducted
using the observed percentage of area of ACEs (or urban conversion
of agricultural land) by zone, relative to the percentage expected
based on the pattern of all agricultural land.

Table 5
Chi-square test and Bonferroni 95% confidence intervals (CI) for the occurrence of
ACEs and urban land conversion in relation to the availability of agricultural land in
the zones in relation to urban growth boundaries.

UGB zone % area
observed

95% CI % area
available

Selection

ACEs
Inside UGB 0.4 0–1.9 5.1 Against
<3 km from UGB 17.4 7.9–26.8 20.0 None
>3 km from UGB 47.8 35.3–60.3 36.3 None
Urban with no UGB 34.5 22.6–46.3 38.7 None
Proportion of High Quality Farmland 0.00983

* Denote 10% significance.
*** Denote 1% significance.

nalysis of strategic criteria in the San Francisco Bay Area

To illustrate how strategic targeting and monitoring of ACEs
ould work in practice, we conducted a spatial analysis in northern
alifornia. The study area is the region under the auspices of the
ssociation of Bay Area Governments (ABAG), surrounding the San
rancisco Bay (Fig. 1). Although the Bay Area is a major metropolitan
egion, it still contains some of the most valuable farmland in the
tate and nation. The region is home to the world-famous Napa and
onoma wine country and other scenic agricultural lands for crops,
airy farms, and rangeland. The region encompasses 1.8 million ha
f land, with 1 million ha in agriculture. Current general plans allow
2% of the agricultural land to be converted to potentially millions
f new homes. Population of the region grew from 5.5 million peo-
le in 1984 to 6.9 million in 2002, a 26.9% increase or 1.5% per
ear. The Bay Area exemplifies the tension between a dynamic
etropolitan area and socially and economically treasured agri-

ultural land. Local governments have enacted various policies to
anage growth. Some of the oldest and most active PDR programs

n the nation have preserved a substantial amount of agricultural
and here. This blend of factors, combined with a time series of spa-
ial data, makes the Bay Area an excellent region to study strategic
armland targeting. See also Rissman and Merenlender (2008) for
fuller description of this region and its various types of protected

ands.
Significant public and private funds have been invested to pre-

erve agricultural land in the Bay Area. Table 1 lists the eight PDR
rograms holding easements and their primary conservation objec-
ives. Some programs maintain a high degree of connection with
ocal public planning processes (e.g., Marin and Alameda coun-
ies), while some (e.g., Napa) intentionally distance themselves
rom planning authorities (Sokolow, 2006a). The counties with the

ost active PDR programs (Marin, Sonoma, Napa, and Alameda)
ave strong policies that serve to protect farmland, characterized
y a combination of restrictive agricultural zoning, urban growth
oundaries, and other tools (Sokolow, 2006a). We might expect,
herefore, to detect indications of strategic targeting of easements
n this region. Many, but not all, large cities in the study area have
mplemented UGBs. Those without UGBs tend to be either physi-
ally constrained by San Francisco Bay or lie in outlying rural areas.
e consciously chose a multi-county region for analysis rather

han an individual preservation program for two reasons: (1) to
nclude a meaningful number of easements for the analysis, and (2)
o encompass the regional land market and avoid spillover effects
Mundie, 1982). The City and County of San Francisco had no agri-
ultural land at the start of the study period and therefore no ACEs,
Please cite this article in press as: Stoms, D.M., et al., Strategic targeting
tool. Land Use Policy (2009), doi:10.1016/j.landusepol.2009.02.004

o we excluded it from the analysis.
GIS data for 157 ACEs established through the year 2002 was

btained from the GreenInfo Network (Fig. 1). In some cases, con-
ervation properties had multiple public benefits, such as open
pace or habitat, in addition to agriculture. In deciding whether

U

0.24576 (0.33701)

o include such properties in the database of ACEs, we based the
hoice on its continued use for agricultural purposes according to
he easement holders’ stated purpose on their web sites or in other
ocumentation. For unprotected farmland, we used sections from
he U.S. Public Land Survey. Sections are approximately 1 mile rect-
ngular tracts of land (roughly 265 ha, compared to the ACEs that
verage 204 ha). For convenience we will refer to the combined set
f 157 ACEs and 5758 unpreserved agricultural sections as “parcels”,
lthough they are not land tenure tracts.

We begin with an exploratory analysis of the spatial pat-
erns of easements and urban conversion of agricultural land with
espect to general plans and urban growth boundaries. General
lan land use classes (California Resources Agency and University
f California, 2004) were aggregated into a Buildable category
Low/Medium/High Density Residential, Industrial, Commercial,
rban Reserve, Planned Development, and Mixed Use) and a
ural category (Agriculture, Very Low Density Residential, and
pen Space). The GIS layers were converted to 30 m cells for the
xploratory analysis. A chi-square analysis was performed on the
bserved percentage of area of ACEs in each category, where the
xpected percentages were based on the relative proportions of
ll agricultural land in the study area. Bonferroni 95% confidence
ntervals (Neu et al., 1974) were calculated to determine which land
se categories were preferentially selected for or against. A similar
nalysis was performed on the percentage of area of agricultural
and that was converted to urban uses between 1984 and 2002
California Farmland Mapping and Monitoring Program, 2002).

The region was divided into four zones relative to UGBs—inside
he UGB (i.e., area for urban growth in next 20 years), in a 3 km
one outside the UGB, further than the 3 km zone, and a zone for
of agricultural conservation easements as a growth management

rban conversion of agricultural land
Inside UGB 48.6 36.1–61.1 5.1 For
<3 km from UGB 14.7 5.8–23.5 20.0 None
>3 km from UGB 1.3 0–4.0 36.3 Against
Urban with no UGB 35.4 23.5–47.4 38.7 None

dx.doi.org/10.1016/j.landusepol.2009.02.004
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We then tested more formally whether the spatial arrangement
f conservation easements appears to be strategic. In particular, a
ogit regression was implemented to compute the probability that

parcel is protected by an ACE while discerning the effect that
trategic criteria have on that probability. The regression equation
akes the form:

Ei = X ′
iˇ + εi

here CEi is a binary variable that denotes the absence (CEi = 0) or
resence (CEi = 1) of conservation easements, X ′

I is a vector of covari-
tes (Table 2), and εi is the error term that is distributed logistically
ver 0 to 1. The vector of covariates includes variables characterizing
trategic targeting (consistency with zoning, relationship to urban
rowth boundaries, and proximity to public open space) and non-
trategic factors (proximity to urban edge, the proportion of high
uality farmland, and county). Note that proximity to other ACEs
as not modeled here, because it is constantly changing over time

nd it is unclear which year should be used for the non-preserved
arcels. The county a parcel is located in was used as a dummy
ariable to control for fixed effects. These non-strategic covari-
tes were included in the analysis to determine if they explained
he likelihood of ACEs better than strategic factors. Our purpose
as not to determine the model with the best goodness of fit that
ould accurately predict the locations of existing ACEs. Rather we

xamined the effect of strategic criteria while controlling for two
on-strategic factors.

Before estimating this regression, care must be taken to test
or potential spatial dependence in the data. As noted in Conley
nd Molinari (2007), economic models underpinning empirical
ork in urban, environmental, development, industrial organiza-

ion, and growth frequently suggest that observed agents will have
utcomes that are not independent. To account for potential spa-
ial dependence across parcels, robust and spatially dependent
tandard errors were calculated from the elements of the variance-
ovariance matrix with regard to the fact that elements of one
arcel might be impacted by decisions from neighboring parcels
Conley, 1999). This is accomplished by choosing a spatial band-
idth (i.e., 3000 m) around both the x- and y-coordinates of the
arcel centroids. Choosing a larger bandwidth did not substantially

mpact the results of the standard errors.
The previous analyses tested whether the patterns of preserva-

ion and development were more strategic than expected by chance
nd the effect of strategic factors on the probability of parcels being
elected as easements, but they cannot identify where the most
trategic agricultural lands are for targeting future ACEs. Overall
trategic value of parcels was calculated by a multicriteria analysis
f the three strategic criteria (see Table 2): agriculturally compati-
le land use classes in the general plans, relationship to UGBs, and
roximity to public open space. There are many methods available
or aggregating criteria. Machado et al. (2006) used a weighted
inear combination approach. Lynch and Musser (2001) used the
arrell Efficiency method. For this analysis, we used the TOPSIS
ethod (Technique for Order Preference by Similarity to Ideal Solu-

ion, Hwang and Yoon, 1981), which has been used for ranking sites
n spatial decision making (Pereira and Duckstein, 1993; Liu et al.,
006). TOPSIS operates on the principle that the best site should be
he most similar to the ideal values for each criterion and the least
imilar to their worst (or negative ideal) values. The three variables
ere standardized over their ranges and then a multidimensional
Please cite this article in press as: Stoms, D.M., et al., Strategic targeting
tool. Land Use Policy (2009), doi:10.1016/j.landusepol.2009.02.004

istance from the best (and worst) ideal values of the variables in
ata space to the observed values for each parcel was computed.
he TOPSIS score measures the relative similarity or closeness to
he best possible or ideal criteria values as the ratio of the distance
rom the negative ideal point over the sum of distances from both

l
w
t
h
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he positive and negative ideal points. Relative closeness values take
n a range from 0 when identical to the negative ideal point and 1
hen identical to the positive ideal point. The top-scoring parcels,
ith a cumulative area comparable to the area of ACEs, were iden-

ified as the optimal strategic set. The TOPSIS scores of the optimal
et were compared to those of the ACEs to determine how strategic
he ACEs are relative to the most strategic parcels.

However, it could be the case that strategic behavior is present
nly in specific portions of the study area. To test this possibility,
n ordinary least squares regression to predict probabilities of con-
ervation easements from TOPSIS scores and area of agricultural
and in a parcel was conducted for each county. A strong, positive
elationship between the probability of easements and the TOPSIS
cores would provide local evidence of strategic easement place-
ent. Agricultural area was included in the analysis to account for

ifferences in the potential size of a conservation easement within
parcel.

esults

Between 1984 and 2002, the Bay Area region experienced a
otal net loss of 35,390 ha of agricultural land, or 3.5% of the
otal 1984 agricultural land base, according to our spatial analysis.
he 157 agricultural conservation easements as of 2002 preserved
2,095 ha.

re the preservation (through ACEs) and development of
gricultural lands consistent with general plans?

ACEs locations were different from the proportions of agricul-
ural land in the Buildable and Unbuildable classes (alpha = 0.01,
.f. = 1, X2 = 7.67, P = 0.0056). ACEs were predominantly established

n areas that were allotted to rural or agricultural uses in the general
lans that we combined into an Unbuildable class, and generally
voided the Buildable areas (Table 3). The exceptionally large pro-
ortion of easements in the Very Low Density Residential type
ithin the Unbuildable category reflects the strong desire in some

ounties to prevent farms and ranches from being converted into
arge rural estate homes that would change the pastoral character of
he area (Guthey et al., 2003; Sokolow, 2006a). Likewise, new urban
and conversion since 1984 was significantly different than the mix
f use classes in the general plans (alpha = 0.01, d.f. = 1, X2 = 173.21,
< .0001). Land classified as Buildable in the general plans has been
referentially used for conversion of agricultural land, which is
enerally consistent with plans that are in place today and sig-
ificantly different than expected if development were random
Table 3).

Because the number of ACEs is small relative to the number of
gricultural parcels, the logit probabilities of easements, even for
arcels that were preserved, were quite small. For all 5915 parcels,
he mean probability of a conservation easement was only 0.026,
hile for the ACEs, the mean probability was 0.100 or about four

imes as likely. That is, there are many parcels with attributes sim-
lar to the ACEs that have not been preserved. Of the non-strategic
ovariates, proximity to the urban edge tends to lower the prob-
bility of an ACE being established (Table 4). This makes sense
ecause agricultural lands close to existing urban area will be the
ost expensive in line with their development potential. Alterna-

ively, the presence of high-quality farm land tends to increase the
of agricultural conservation easements as a growth management

ikelihood of ACEs. If ACEs were consistent with general plans, we
ould expect a positive marginal effect on the probabilities from

he proportion of unbuildable land in a parcel. As Table 4 depicts,
owever, the marginal effect of the proportion of unbuildable land
n ACEs is negative. This implies that an increase in proportion of

dx.doi.org/10.1016/j.landusepol.2009.02.004
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ural or agricultural land use classes decreases the probability that
n ACE is present in a particular parcel of land. More specifically, the
robability of a conservation easement would decrease by 0.068%

n a parcel relative to a similar parcel with 10% less unbuildable
and.

o agricultural conservation easements reinforce urban growth
oundaries?
Please cite this article in press as: Stoms, D.M., et al., Strategic targeting
tool. Land Use Policy (2009), doi:10.1016/j.landusepol.2009.02.004

We compared the observed percentages of urban conversion
nd ACEs in four zones related to UGBs against the percentages of
gricultural land in each zone. Overall, the location of easements in
ones could not be distinguished from the distribution of agricul-
ural land in zones (alpha = 0.01, d.f. = 3, X2 = 8.79, P = 0.0322). The

t
d
1
l
5

ig. 2. Maps of TOPSIS (ideal point) scoring analysis. Panels a–c show the input variabl
gricultural land, (b) UGB scoring by zone, (c) proximity to open space, and (d) the overal
 PRESS
licy xxx (2009) xxx–xxx 7

econd UGB zone encompasses a belt 3 km wide outside of UGBs
hat we postulated is the most strategic zone for ACEs. This zone
as 20% of the region’s agricultural land. However, the observed
roportion of ACEs was slightly less than the proportion of all
gricultural land in the zone and no preferential selection for or
gainst this zone could be detected (Table 5). In contrast, nearly
alf of the observed ACE area lies in the outer zone beyond 3 km
hat we consider relatively nonstrategic. The only detectable pat-
ern was the avoidance of the area inside UGBs for ACEs where
of agricultural conservation easements as a growth management

hey would be contrary to public policy and the cost of purchasing
evelopment rights would be prohibitive. Urban conversion since
984 was significantly different than the distribution of agricultural
ands in zones (alpha = 0.01, d.f. = 3, X2 = 411.09, P < .0001). Nearly
0% of the urban conversion occurred within the UGB (Table 5),

es, while panel d shows the output map of scores. (a) Proportion of unbuildable
l TOPSIS scores.

dx.doi.org/10.1016/j.landusepol.2009.02.004
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Fig. 2.

here planners encourage development. Not surprisingly, land in
he outlying agricultural area beyond the 3 km zone was signifi-
antly avoided for new development. However, conversion in our
trategic zone up to 3 km of the UGB and around cities without
GBs could not be distinguished from expected levels based on

and availability.
The logit regression tested for the impact of urban growth

oundary zones on the presence of ACEs, with the 3 km zone hav-
ng the highest strategic score and inside the UGB having the lowest
Please cite this article in press as: Stoms, D.M., et al., Strategic targeting
tool. Land Use Policy (2009), doi:10.1016/j.landusepol.2009.02.004

see Table 2). As Table 4 depicts, the marginal effect of the urban
rowth boundary score on ACEs was slightly positive. Thus, a more
trategic location (higher UGB score) with respect to the urban
rowth boundary will lead to an increased probability of a con-
ervation easement in that parcel of land. If one were to observe

a
s
A
o

nued )

wo parcels of land – one in the 3 km zone outside the UGB (with
score of 10) and the other beyond the 3 km zone (a score of 3) –

hat were otherwise identical, then the logit model predicted that
he parcel of land located in the 3 km buffer would have a higher
ikelihood of containing an ACE.

ave agricultural conservation easements been located near other
ublic open space?
of agricultural conservation easements as a growth management

The logit regression tested for the impact of increases in the
mount of open space near a parcel on the presence of ACEs. Table 4
hows that the marginal effect of the proportion of open space on
CEs is slightly negative, at −0.000035. An increase in the area of
pen space near a parcel is associated with a decrease in the likeli-

dx.doi.org/10.1016/j.landusepol.2009.02.004
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ood that a parcel will contain an ACE. Specifically, if a parcel were
o experience a 10% increase in the amount of open space within
500 m, then we would expect the presence of conservation ease-
ents to decrease by 0.004%. This suggests that PDR programs have

ot been using ACEs in conjunction with public open space parcels
o manage growth.

ow do actual easements compare to an ideal strategic set?
Please cite this article in press as: Stoms, D.M., et al., Strategic targeting
tool. Land Use Policy (2009), doi:10.1016/j.landusepol.2009.02.004

Through the TOPSIS or ideal point analysis, all parcels were
cored by the combination of the three strategic criteria (Fig. 2).
ost of the agricultural land remains unbuildable in the general

lans, with some prominent exceptions in Santa Clara and San
ateo counties, and western Napa County (Fig. 2a). The most strate-

i
l
t
a
i

nued )

ic area for UGBs occurs in tight bands in all counties except San
ateo (Fig. 2b). Because of the large amount of public open space

n the Bay Area (Rissman and Merenlender, 2008), large areas of
gricultural land are strategically close to existing protected areas
Fig. 2c). In contrast to the existing ACEs that are largely concen-
rated in the northwest part of the region, the most strategic lands in
he optimal set are located in Contra Costa and Santa Clara counties
Fig. 2d).

ACEs had a mean TOPSIS score of 0.30 on a 0 to 1 scale, with 1
of agricultural conservation easements as a growth management

ndicating an ideal strategic parcel. The average of all agricultural
ands was 0.31, showing the ACEs collectively are no more strategic
han the average parcel. An optimal set of parcels with a cumulative
rea equal to the set of ACE parcels had TOPSIS strategic scores rang-
ng from a minimum value of 0.8–0.99 with a mean of 0.91. None

dx.doi.org/10.1016/j.landusepol.2009.02.004
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f the existing ACEs are listed in the optimal set. Mean probability
f an optimal parcel being selected as an ACE was only 0.00308 (or
/30 the probability of the ACEs and 1/9 of all agricultural parcels).
hat is, if programs continue to use the same logic to select farms
s they have in the past two decades, it is very unlikely that they
ould select any of the most strategic parcels. Interestingly most of

he optimal strategic lands are grazing land rather than high quality
armland. Hence, preserving the most productive versus the most
Please cite this article in press as: Stoms, D.M., et al., Strategic targeting
tool. Land Use Policy (2009), doi:10.1016/j.landusepol.2009.02.004

trategic lands in the Bay Area would involve significant tradeoffs
Machado et al., 2006).

The probability of a conservation easement and ideal point
alues are completely uncorrelated, with a correlation coefficient
f � = −0.001. However, to test whether strategic behavior may

f
s
t
a
c

nued ).

e exhibited locally when placing conservation easements, an
rdinary least squares regression of probabilities of conservation
asements on ideal point values was conducted for each county. As
able 6 displays, modest strategic behavior is apparent in Alameda,
apa, Solano, and Sonoma counties, whereas the evidence shows
slight trend against strategic targeting in Marin and San Mateo

ounties. The results offer no evidence for Santa Clara County, which
espite some highly strategic parcels has only one ACE and there-
of agricultural conservation easements as a growth management

ore very low probabilities. Contra Costa County had no ACEs and
o the probability for all parcels there was zero, despite some of
he highest ideal point scores. It seems that a larger extent of farm
creage in a parcel increases its likelihood of being placed under a
onservation easement.

dx.doi.org/10.1016/j.landusepol.2009.02.004
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iscussion and conclusions

Given that an estimated 720,000 ha (1.8 million acres) of agri-
ultural land have been placed in ACEs in the United States at a
ublic cost of $2 billion in the past three decades (Sokolow and
urbrugg, 2003), geographical targeting could become a potent
djunct to other mechanisms for smart growth. Purchase of devel-
pment rights on agricultural land is one of the most politically
alatable actions to achieve it. Given the high stakes and high
osts involved, planners and PDR programs need better tools to
arget ACEs as strategically as possible. At the same time, strate-
ic targeting of ACEs may broaden the base of support (and attract
dditional funding) for sustaining agriculture in rural–urban fringe
reas. In this paper we have begun to explore the kinds of spa-
ial metrics that could be used to monitor and evaluate whether
CEs have been strategically located or to proactively target new
CEs in strategic locations. These metrics are based on the interac-
ion between land use plans, urban conversion of agricultural land,
nd its preservation through ACEs. Unlike the Lichtenberg and Ding
2008) evaluation of Chinese farmland preservation policies, which
uffered from a lack of reliable, consistent data on farmland loss, we
ad accurate, high resolution, and spatially explicit data.

Looking at the Bay Area region as a whole, we obtained mixed
esults whether the placement of ACEs has been strategic. The
atterns of ACEs and urban conversion are both strongly consis-
ent with general plans. The results with respect to urban growth
oundaries may at first appear contradictory, that (1) easements
re not located close to urban growth boundaries more than by
hance (chi-square), and (2) there is a slightly higher probability of
nding an easement if parcels are more strategically located near
UGB (logit). The explanation is as follows. The chi-square test

ompared the observed distribution of ACEs in categorical zones
elative to an expected proportion, in this case where expected
s the proportion of farmland available to preserve. Twenty per-
ent of the farmland area of the region occurs in the most strategic
one <3 km from UGBs, whereas 17.4% of the area of ACEs occurs
n this zone. Given the wide confidence intervals, this means that
he observed distribution in this zone was not significantly differ-
nt than random with respect to this single factor. In contrast, the
ogit model accounted for interactions between variables and for
he fixed effects associated with location in the particular coun-
ies. The numbers in Table 4 represent the marginal effects of each
ndependent variable on the probability that an ACE occurs. The
ndependent variable associated with urban growth boundaries
as measured as a score, with a very high value for the strate-

ic (<3 km) zone relative to the other three zones (Table 2). Our
esults showed a small positive marginal effect, meaning that all
lse being equal, a change in score of one unit would slightly
ncrease the probability of an ACE. Note that the proportion of high
uality farmland had four times the marginal effect as the urban
rowth boundary score. Urban conversion of agricultural land, on
he other hand, has been relatively consistent with UGBs, indepen-
ent of the placement of ACEs. Carlson and Dierwechter (2007)
ound similar consistency with UGBs in Pierce County, Washing-
on, which currently has no PDR program. Open space areas were
ot being used to anchor large contiguous blocks. On average ACEs
ere modestly strategic but no more so than the average agri-

ultural parcel and far less so than if they had been intentionally
argeted for this purpose. In fact, the two counties (Contra Costa
nd Santa Clara) with much of the most strategic farmland accord-
of agricultural conservation easements as a growth management

ng to the ideal point scores had only one ACE between them by
002.

Nelson (1992) and Sokolow (2006a) describe how farmland
reservation, including ACEs, can be most effective when used
ith combinations of urban planning and policy tools. Pfeffer

dx.doi.org/10.1016/j.landusepol.2009.02.004
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nd Lapping (1994) go further and claim that regional land use
lanning is needed to reinforce farmland preservation, because
ragmented local planning tends to facilitate the success of the
rowth machine. Restrictive zoning that retains large parcels suit-
ble for farming is important. Otherwise land speculation can raise
and prices beyond the reach of PDR programs. PDR programs are
ot generally in the land use control/regulation business, defer-
ing to zoning and general plans. In fact many PDR programs
ake this separation very explicit, in large part to not jeopar-

ize the voluntary nature of landowner participation (Sokolow,
006a). In other cases, PDR programs may be used as a substi-
ute for weak zoning (Sokolow, 2006a). PDR programs can also be
trategic by removing some of the burden on private landown-
rs who are asked to provide public benefits. They also reduce
ncertainty about future development, relieving pressure on local
fficials to relax zoning regulations. Other public policy tools can
lso be leveraged. Permanent open space can serve as anchors
or forming strategic blocks. Development mitigation fees can
aise funds for purchasing development rights in strategic loca-
ions, as seen in Alameda County. Planners can also strengthen
onnections by sharing spatial data and GIS technical support
ith PDR programs that often lack that capability (Sokolow,

006a).
As others (Heimlich, 2001; Bengston et al., 2004) noted, the

esired end state must be defined before we can seriously eval-
ate how well policies performed. One can see examples of strong
onnection between preservation and planning policies in the Bay
rea, such as the preservation of vineyards on the urban fringe in
astern Alameda County. This study suggests many future research
irections to define what it means to be strategic and how to
easure it. Wu and Plantinga (2003) used simulations to sug-

est that the size, form, and location of open space can affect the
rban form, even fostering leapfrog development in certain circum-
tances by influencing land markets. More work needs to be done
o understand the role of preserved farmland in providing ameni-
ies for residents that may actually attract new development in
ome circumstances (Roe et al., 2004). Ideally we would like to
ompare urban conversion of farmland in areas with and with-
ut ACEs to determine whether they influenced the patterns of
rowth (Heimlich, 2001) or the timing of conversion (Towe et al.,
008). It is the effects of farmland preservation on growth that
ltimately matters, not just its geographic pattern. Because par-
icipation in PDR programs is voluntary, planners can never be
ompletely strategic. That is, only certain farms will actually be
vailable for preservation, and these are unlikely to include the
ptimal set of strategic farms. We need to learn more about what
otivates landowners to participate, including the perception of

he land markets (Lynch and Lovell, 2003). How can we be most
trategic in light of predicted landowner behavior? Future stud-
es are needed to develop formal procedures for identifying key
ocations that if not preserved would open up large areas to unde-
irable new development. Exploring analogs in military strategy,
ioinvasions, or suppressing wildfires may be insightful. Think of
efending a critical bridge against an advancing enemy on a bat-
lefield. What is the political and military value of the vulnerable
ands on the defensive side of the river relative to lands accessi-
le by other bridges? At the rate of farmland loss in many parts
f the United States, finding ways to be strategic in purchasing
evelopment rights could potentially achieve a lot with a relatively
mall amount of farmland preservation. To achieve this potential,
Please cite this article in press as: Stoms, D.M., et al., Strategic targeting
tool. Land Use Policy (2009), doi:10.1016/j.landusepol.2009.02.004

e will need to build on this initial investigation to understand
he interactions of land markets, land use, and landowner behavior
nd to better define the goals and objectives of both urban growth
anagement and of strategic targeting of agricultural conservation

asements.
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