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A B S T R A C T

The escalating pace of climate change and biodiversity loss has energized endeavors to expand protected areas.
Recent studies find that agricultural land may play a vital role in tackling climate change and promoting
biodiversity. However, most agricultural protection areas (APAs) are implemented based solely on agricultural
production characteristics, and there are limited strategies that incorporate other conservation goals. We com-
bined Systematic Conservation Planning (SCP) principles, optimization algorithms, and the Ecosystem Service
framework to identify potential APAs and explore the trade-offs in promoting the multifunctionality of agri-
cultural land. We conducted our study in the Treasure Valley, Idaho, where we generated four optimization
scenarios. 1. Agricultural Productivity 2. Climate Mitigation 3. Wildlife Habitat 4. Combined Ecosystem Services.
We compared the four scenarios based on their a) ability to protect cultivated land, b) potential to contribute to
climate mitigation, c) protection of important biodiversity habitat, and d) economic cost. We found that the
Climate Mitigation, Wildlife Habitat, and Combined Ecosystem Services scenarios protected a more even dis-
tribution of ecosystem services without sacrificing the amount of cultivated land protected. We found that the
Agricultural Productivity scenario resulted in the lowest total cost; however, the other scenarios protected a
larger area at a lower cost per unit area. The inclusion of multiple objectives showed strong potential to help
reach global conservation goals. Our work adds to the body of literature on the role of private land in protecting
natural resources and is a starting point for future research to guide agricultural land protection.

1. Introduction

Globally, private land protection has become recognized as a key
strategy for addressing climate change and biodiversity loss (Clancy
et al., 2020). Recent calls such as the Half Earth Project, the Nature
Conservancy’s 2030 goals, and the Biden administration’s commitment
to protect 30 % of United States (U.S.) lands and waters by 2030 (30 ×

30) have explicitly recognized the need to expand the network of pro-
tected areas (House, 2021; The Nature Conservancy’s 2022 Annual Report,
2022; Wilson, 2016). For the U.S, the protection of 30 % of land is an
ambitious goal. As of 2018, less than 15% of current U.S. lands managed
for biodiversity are permanently protected (U.S Geological Survey,
2020) and several studies suggest current protected areas have had
limited success in protecting important lands for biodiversity and
climate regulation (Dreiss and Malcom, 2022). To improve the overall
integrity of conservation efforts in light of the ambitious 30 × 30 goals,

proposed pathways emphasize the inclusion of private lands (Chapman
et al., 2023).

Private lands are critical for creating connected protected networks
needed to promote biodiversity (Suraci et al., 2023a; Dreiss and Mal-
com, 2022; Bargelt et al., 2020). For example, compared to publicly
owned and managed protected lands, protected private lands are more
often in areas of higher conservation priority and have higher mean
species richness (Chapman et al., 2023). As agricultural lands account
for almost 50 % of the land area of the United States, a large component
of expanding protected areas will likely need to include legal protection
for agricultural land uses and associated activities (Suraci et al., 2023b).

Agricultural protection areas (APAs), also known as agricultural
preservation areas or agricultural conservation easements, are desig-
nated parcels where agricultural land is protected from conversion to
non-agricultural uses. These areas are established through various
mechanisms (e.g. zoning regulations, land use policies, conservation
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easements, or other government programs) and often involve differing
levels of protection (Agricultural Protection Areas | Utah Department of
Agriculture and Food, 2022; Protect Farm and Ranch Land | Farmland In-
formation Center, n.d.). The primary goal of APAs is to protect farmland
for agricultural use and to promote food production; however, there is
an opportunity to manage APAs for a range of economic, social, and
ecological objectives. In this paper, we explored the trade-offs across
different objectives for protecting agricultural land.

The Ecosystem Service Framework is a useful tool to measure the
multiple benefits of agricultural land and thereby explore the trade-offs
across different objectives (Millennium Ecosystem Assessment (MEA),
2005). Previous studies have shown that agricultural land can provide
many ecosystem services (ES) including food production, combating
climate change through carbon storage, contributions to wildlife
habitat, soil and water quality regulation, and cultural, scenic, and
recreational value (e.g. Power, 2010). Focusing on the ES that are key
priorities for 30 × 30, recent studies such as Suraci et al. (2023b) and
Grass et al. (2019) find that agricultural land and its proper management
are necessary to preserve high-quality habitat. Additionally, agricultural
lands can meaningfully contribute to carbon storage through a portfolio
of land stewardship options (i.e. no-till, grazing land management, etc.)
(Fargione et al., 2018). Estimates indicate that optimizing the soil’s
capacity to retain carbon accounts for 12 % of possible climate change
mitigation achieved through improved management of grassland and
agricultural areas (Bossio et al., 2020). Despite evidence of agriculture
to provide benefits beyond food production, most decisions regarding
the protection of agricultural land do not consider multiple objectives.

Prioritizing agricultural land protection in the face of multiple ob-
jectives remains a challenge because its various benefits seldom overlap
spatially (Halperin et al., 2023). One solution to this challenge is sys-
tematic conservation planning (SCP) - a framework that incorporates
multiple goals for efficient and effective protection at landscape scales
(Margules and Pressey, 2000). SCP has been primarily applied in the
context of biodiversity conservation, but has additionally been used for
invasive species control, fire management, and the conservation of
various other ES (Villarreal-Rosas et al., 2020; McIntosh et al., 2017).
However, despite its vast application, to our knowledge there is limited
application of SCP to agricultural protection.

This analysis developed a framework for prioritizing agricultural
land protection based onmultiple objectives. We applied this framework
to the Treasure Valley region in Idaho as a case study to represent the
potential benefits of APAs in regions with a strong agricultural economy.
We used SCP- based spatial optimization analyses to generate four
objective-based scenarios. Each scenario assumed the ecosystem service
of food production potential will remain a priority for agricultural
protection but explored trade-offs in including additional ES. We then
examined how priority APAs from these alternative scenarios differed in
the following outcomes:

i) spatial pattern, their effectiveness in protecting cultivated land,
and agricultural land (i.e. cultivated land and rangeland) of
varied quality.

ii) effectiveness in protecting a chosen set of ES (food production
potential, carbon storage, habitat quality, recreation, nitrogen
retention) provided by agricultural land.

iii) effectiveness in achieving national 30 × 30 conservation targets
for climate change and biodiversity loss.

iv) economic cost.

2. Methods

2.1. Study area

We used the Treasure Valley, ID (Ada and Canyon County, 4301 km2)
to explore the application of SCP to protect agricultural lands as it em-
bodies common threats and characteristics of regions that could benefit

from APA programs (Fig. 1). The Treasure Valley stands out for its semi-
arid climate, intricate topography, as well as irrigated agricultural land.
It features distinct hot-spots of population growth that have resulted in
notable agricultural land loss (Narducci et al., 2019). There are a total of
389,944 acres of farmland in the Treasure Valley (USDA National
Agricultural Statistics Service, 2022). Idaho is the 5th largest state
agriculture economy, with food processing equating to 17 % of the
state’s total economic output in sales, and over $2.6 billion of agricul-
tural products sold worldwide (Idaho Agriculture Facts and Statistics –
Idaho State Department of Agriculture, n.d.).

2.2. Optimization analysis

We generated a series of four SCP-based spatial optimizations (sce-
narios) to identify priority APAs given differing objectives. We used
multiple ES as metrics to identify APAs, as traditional conservation
metrics (e.g. biodiversity) do not encompass the many benefits of agri-
cultural lands. The four optimization scenarios differed by the number of
ES included; however, each analysis had the goal to preferentially select
areas with a high supply of ES at the least cost. We used this technique to
identify areas that are more likely to be implemented because they
balance conservation benefit and cost (Margules and Pressey, 2000).

To conduct the spatial optimizations, we used an integer linear
programming approach using the prioritizr package in R with Gurobi
solver (Gurobi Optimization LLC, 2023; Hanson et al., 2022). Prioritizr
is designed to help build and solve conservation planning problems by
generating a mathematical optimization problem and solving it to
generate a solution. We created an optimization problem using a mini-
mum set objective that seeks to select areas that minimizes cost, while
meeting targets for conservation features. The package requires two
spatial data inputs, conservation features and a cost feature. We addi-
tionally chose to include a locked-out feature. In the optimization
problem, all features are restricted to a study area and are divided into
discrete areas termed planning units. Targets are specified to determine
how much of a feature should ideally be represented by solutions (Beyer
et al., 2016; Package Overview, n.d.). For additional details, please see
Appendix B.

In this analysis, we used ES as conservation features and an estimate
of land value as a measure of relative cost. Following the Millennium
Ecosystem Assessment (MEA) (2005) classification system, we included
one provisioning ES (i.e. food production potential), two regulating ES
(i.e. carbon storage and nitrogen retention), one cultural ES (i.e. recre-
ation), and one supporting ES (i.e. habitat quality). These chosen ES
provide various benefits to the people in the Treasure Valley. For
example, food production potential contributes to food supply and se-
curity, economic stability, and preserves the cultural heritage of the
region. Carbon storage, nitrogen retention, and habitat quality support
the functioning of the region’s ecosystems, aiding in, for example,
climate regulation, protection from extreme weather events, and
enhancing water, soil, and air quality. Lastly, recreation contributes to
nature-based experiences such as fishing, hiking, or swimming (Nar-
ducci et al., 2019; Díaz et al., 2018; MEA, 2005). We chose our suite of
ES based on previous survey-based research that identified them as
highly important to people in the study area (Narducci et al., 2019).
Food production potential was represented by the Productivity, Versa-
tility, and Resiliency (PVR) dataset, which integrates factors of soil
suitability, crop type and growing season length, and land cover use
(Conservation Science Partners and American Farmland Trust, 2020;
Appendix A.1). Please see Appendix A.2 and Halperin et al. (2023) for
detailed methods of the spatial representation of carbon storage, habitat
quality, recreation, and nitrogen retention. It is important to note that in
this analysis we only calculated the potential benefit provided by nature
(i.e. the biophysical aspect). We estimated conservation costs for each
scenario using a spatial dataset of estimated private land values (USD/
Ha) calculated across the contiguous United States, which represents the
cost of purchasing lands outright (Nolte, 2020). We converted the cost to
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an average cost per km2 (million USD/km2; Appendix A.3).
The analysis was restricted to agricultural land by masking all ES to

areas that have a food production potential value (Appendix A.1). This
represents land that is currently or could potentially be used for agri-
cultural purposes including both cultivated land and rangelands. We
included rangelands because rangelands, while typically on marginal
land in terms of soil quality, topography, or limited water, they are still
considered agricultural land (Conservation Science Partners, 2020). We
used the US Geological Survey GAP (USGS-GAP 2.0) Protected Areas
Database of the US to exclude currently protected areas (GAP Status
Codes 1 or 2) (Appendix A.4; U.S. Geological Survey, 2020). Therefore,

pixels eligible for selection in each solution (2215 km2) were lands not
currently protected and with potential to be used for agricultural
purposes.

Targets were based on the percentage of each ES included in the
optimization analysis. For example, a 30 % target required 30 % or more
of the total amount of each included ES to be within the identified APA,
with total defined as the sum of ES value in all eligible pixels. We ran
optimization models for targets that increased from 0 % to 40 % in in-
crements of 5 % to visualize the growth of APAs. For this analysis, we
focused on the solutions for 30 % targets, which we will refer to as
solution-30, to match 30 % area-based conservation targets (30 × 30).

Fig. 1. Map of Treasure Valley, ID; food production potential across Idaho (Appendix A.1; Conservation Science Partners and American Farmland Trust, 2020) and
protected lands for biodiversity according to USGS-GAP 2.0 database (GAP status 1 or 2) (Appendix A.4; U.S. Geological Survey, 2020) and protected agricultural
lands (Protected Agricultural Lands Database, American Farmland Trust, 2023). Food production potential values were not available for federal land. There is no
federal land in the Treasure Valley, so areas without food production potential in our study area are non-agricultural.
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We ran four optimization scenarios: 1. Agricultural Productivity 2.
Climate Mitigation 3. Wildlife Habitat 4. Combined Ecosystem Services.
The Agricultural Productivity scenario identified APAs solely based on
food production potential. The Climate Mitigation scenario identified
APAs based on food production potential and carbon storage. The
Wildlife Habitat scenario identified APAs based on food production
potential and habitat quality. The Combined Ecosystem Services sce-
nario identified APAs based on food production potential, carbon stor-
age, habitat quality, recreation, and nitrogen retention (Appendices A.1,
A.2). We designed the Agricultural Productivity scenario to reflect the
current primary goal of APAs to promote food production, while the
other three scenarios reflect alternate strategies to protect the multi-
functionality of agricultural land. We included food production poten-
tial in each scenario because we assumed that it would remain a priority
for APAs. Please see Appendix B for a visualization of the workflow and
description of inputs for each scenario.

To align all spatial layers for input into the prioritizr package, we
resampled from 30 km2 to 1 km2 using bilinear interpolation and pro-
jected to EPSG:5070 NAD83 Albers Equal Area. We resampled to 1 km2

to represent roughly the average size of an APA protected under Pur-
chase of Agricultural Conservation Easement programs (Sallet, 2022).
All data was input into prioritizr in raster form so planning units were
defined as a 1 km2 cell.

The final output is a single optimal solution map of priority areas for
set targets for each scenario. The four scenarios were then used to
address our research questions presented in the following subsections
(2.2.1–2.2.4). We used R v4.1.2 for presentation, data manipulation, and
analysis (RStudio Team, 2022).

2.2.1. APA spatial pattern and effectiveness in protecting cultivated land
and agricultural land of varied quality

We compared APA selection based on a) percent of total cultivated
land protected, and b) the amount of low, medium, and high-quality
agricultural land. We defined cultivated land as the combination of
cropland and pasture classes of the National Land Cover Database
(NLCD) for 2016 (Dewitz, 2019; Appendix A.5; Appendix Fig. B.2).
While agricultural land includes both cultivated land and rangelands,
we assessed only cultivated land because in the Intermountain West
cultivated lands are typically more productive than rangelands in terms
of food and economic potential (Idaho Agriculture Facts and Statistics –
Idaho State Department of Agriculture, n.d.). Percent cultivated land
protected represents the amount of cultivated land in the APA divided by
the total amount of cultivated land in the Treasure Valley.

We created a categorial land quality variable with three classes -high,
medium, and low quality – using the PVR dataset following Halperin
et al. (2023). The PVR metric ranges from 0 to 1 with higher values
representing agricultural land that is the most suitable for long-term
cultivation. To explore across agricultural land quality classes, 1/3
quantiles were assigned to divide the 0–1 values into three classes (high,
medium, and low quality) (Appendix A.1). We report the amount of low,
medium, and high-quality agricultural land, totaling to 100 % of each
solution-30 priority area to describe its agricultural quality composition.

2.2.2. APA effectiveness in protecting the chosen ES
We compared the percent of ES protected within each APA for each

scenario (Appendix Fig. B.3). The optimization model only seeks to
reach targets for conservation features included in the optimization
problem, therefore, we wanted to compare how well each of the four
scenarios protected ES even if they weren’t included in the optimization
analysis. For example, the solution-30 of the Agricultural Productivity
scenario included only a target to protect 30 % of food production po-
tential, but it was not required to protect any of the other ecosystems
services. Therefore, to understand how well the APA would perform in
terms of the other four ES we calculated the percent of total ES in each
APA (the amount of ES supply within a solution-30 divided by the total
amount of ES supply that could be selected).

2.2.3. APA contribution to 30 × 30 conservation goals
We explored the potential conservation value of each identified APA

(Appendix Fig. B.4). We used three conservation value indices (Climate,
Biodiversity, Combined) produced by Suraci et al. (2023a) (Appendix
A.6). The Climate index incorporated information on current carbon
storage and the expected change in local and regional climate condi-
tions. The biodiversity index incorporated species richness and threat
status, an estimate of ecological integrity of the landscape, and the
ability of the landscape to support connectivity. The combined index
identified high-value landscapes that account for the trade-offs between
climate and biodiversity objectives. We included these conservation
indices to provide a general understanding of how well the four sce-
narios can contribute to biodiversity and climate goals. We determined
the percent of the APA that is of higher conservation value (i.e. top 1/3
quantile of each index) and total area of higher conservation value in
km2. Both the percent of higher conservation value and total area were
included to provide information on the composition of the APAs and
total area identified as a high priority for meeting conservation targets
for climate change and biodiversity loss. These calculations were
included in addition to the five ES as an independent, post-hoc analysis
to measure the efficacy of the optimization solutions.

2.2.4. APA cost
We compared the total cost (reported as billion USD) and the average

cost (reported as million USD/km2) of each identified APA. We reported
the total cost in billion USD and average cost in million USD/km2 for
each scenario for targets between 0 and 40 %.

3. Results

3.1. APA spatial pattern and effectiveness in protecting cultivated land
and agricultural land of varied quality

We found that the selection of protected areas varied across the
landscape for the four scenarios, with the Agricultural Productivity
scenario protecting areas primarily in the northwest region of the
Treasure Valley and the Climate Mitigation, Wildlife Habitat, and the
Combined Ecosystem Services, scenarios protecting additional land in
the northeastern and southeastern regions of the Treasure Valley.
Overall, we observed a high level of overlap between solutions, yet
many areas only appeared in one scenario (Fig. 2).

We found that the amount of high, medium, and low-quality agri-
cultural land protected varied under each optimization scenario (Fig. 3;
Appendix C.1). Solution-30 for the Agricultural Productivity scenario
comprised of 96 % high-quality, 4 % medium quality, and 0 % low
quality agricultural land. The Climate Mitigation, Wildlife Habitat, and
Combined Ecosystem Services scenarios selected more evenly across
agricultural land quality classes, while still selecting a higher proportion
of highest quality lands (Fig. 3B; Appendix C.1). Additionally, solution-
30 for the Agricultural Productivity scenario protected the most culti-
vated land (30 % of cultivated land in the Treasure Valley); whereas the
other scenarios protected at most 25 % (Fig. 3A; Appendix C.1).

3.2. APA effectiveness in protecting the chosen ES

We found that the supply of ES protected varied across the four
scenarios, with the greatest difference between the Agricultural Pro-
ductivity scenario and the other three scenarios (Fig. 4). For solution-30,
the Agricultural Productivity scenario, as expected, protected the most
food production potential (30 % of total), but the least of the other ES (i.
e. 17 % of total carbon storage, 9 % of total habitat quality, 20 % of total
nitrogen retention, and 6 % of total recreation). The Climate Mitigation
scenario protected at least 30 % of all ES except nitrogen retention (29
%). The Wildlife Habitat scenario protected 30 % of habitat quality and
crop production, but carbon storage (27 %), nitrogen retention (27 %)
and recreation (24 %) were below 30 %. Lastly, the Combined
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Ecosystem Services scenario protected the highest percentage of ES with
all ES meeting the 30 % target and habitat quality and recreation
exceeding the target at 35 % and 33 %, respectively (Fig. 4; Appendix
C.2).

3.3. APA contribution to 30 × 30 conservation goals

We found that the potential contributions of APAs in reaching 30 ×

30 conservation targets varied depending on the scenario. The Agri-
cultural Productivity scenario contributed least; with solution-30

containing 0%, 13 %, and 0% higher conservation value pixels based on
the Combined, Climate, Biodiversity indexes, respectively (Fig. 5A). This
translates to, on average across the three conservation value indexes, 20
km2 of higher conservation value protected under the Agricultural
Productivity scenario (Fig. 5B). Solution-30 for the Climate Mitigation
scenario contained 10 %, 25 %, and 16 %, solution-30 of the Wildlife
Habitat scenario contained 15 %, 22 %, 22 %, and solution-30 of the
Combined Ecosystem Services scenario contained 10 %, 19 %, and 17 %
of higher conservation value for the Combined, Climate, and Biodiver-
sity indexes, respectively (Fig. 5A). This translates to on average across
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Fig. 2. Map of Solution-30 for each scenario. Solution-30 represents APAs that achieve 30 % of the target(s) at the least cost.
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Fig. 3. A) Percent of total cultivated land in the Treasure Valley protected by solution-30 Agricultural Protection Areas for each of the four scenarios. B) The
compositional percent of solution-30 Agricultural Protection Areas that is low, medium, and high-quality agricultural land for each of the four scenarios.
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Fig. 4. The percent of total supply of the four ecosystem services and food production potential protected by solution-30 for each scenario. Total supply is the sum of
ES for all eligible pixels.
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Fig. 5. A). The percent of the APA that is higher conservation value pixels (i.e. in top 1/3 quantile) for solution-30 for each scenario. B) The total area of higher
conservation value (km2) (i.e. in top 1/3 quantile) for solution-30 for each scenario. In bold above each protection scenario is the average area (km2) protected of high
conservation value across the three conservation indices for each scenario.
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the three conservation value indexes 114 km2, 121 km2, and 104 km2 of
higher conservation value protected under the Climate Mitigation,
Wildlife Habitat, the Combined Ecosystem Services scenarios, respec-
tively (Fig. 5B; Appendix C.3).

3.4. APA cost

Based on the fair market value of private land (USD/km2), we found
that the Climate Mitigation and the Combined Ecosystem Services sce-
narios had the highest cost. For solution-30, the Agricultural Produc-
tivity scenario had an estimated cost of $1.96 billion, the Combined
Ecosystem Services scenario had an estimated cost of $2.78 billion, the
Climate Mitigation scenario had an estimated cost of $2.75 billion, and
the Wildlife Habitat scenario had an estimated cost of $2.55 billion
(Table 1). The total cost increased when additional conservation ob-
jectives were included because a higher number of pixels were selected.
For example, the solution-30 for the Agricultural Productivity scenario
selected 455 pixels whereas the Climate Mitigation scenario selected
667 pixels (Table 1). When comparing the cost/km2 however, we found
that the Agricultural Productivity scenario was the most expensive at
$4.3 million/km2; whereas all other scenarios were $4.1 million/km2

(Table 1). So, while the Agricultural Productivity scenario was the
cheapest in terms of total cost, it on average protects higher cost pixels,
whereas the other three scenarios protect more, but on average cheaper
land. Generally, we found that the total cost increased, but the cost/km2

decreased when we included alternative objectives beyond agricultural-
specific goals.

4. Discussion

4.1. Priority area selection for agricultural land protection shifts when
alternative conservation objectives are considered

A key motivation for our study was to examine whether multiple
objectives should be considered in the designation of APAs. To explore
this concept, we examined four distinct optimization scenarios to select
APAs. We found that each of the four scenarios yielded different land
protection outcomes and, therefore, our results suggest that integrating
multiple objectives will likely impact the contribution of APAs to con-
servation efforts. Our findings showed that selection of APAs varied
spatially and across agricultural land quality. In particular, we found
that under the Agricultural Productivity scenario, agricultural land of
higher quality was almost exclusively selected for protection; whereas
when APAs were expanded to include other benefits associated with
agriculture land, areas selected for protection were more evenly
distributed across agricultural land quality (Fig. 3B). This is expected as
previous research found that there are trade-offs in ES across agricul-
tural land quality and that the ES from agricultural land often do not
overlap (Halperin et al., 2023). The inclusion of multiple objectives had
a limited impact on the amount of cultivated land protected and may

provide a more diverse range of benefits such as future food security,
recreation, and water quality (Halperin et al., 2023). Previous studies
have shown that both high-yield, intensive agriculture and less extrac-
tive agricultural practices are needed to meet increasing food demands
(Grau et al., 2013). Therefore, our findings suggest that current mech-
anisms to protect agricultural land that focus solely on agricultural-
specific objectives may have limited success in supporting long-term
viability of agriculture.

4.2. Priority area selection impacts the potential amount of ES under
protection

Alternative conservation objectives altered the supply of ES pro-
tected. We found that for the Agricultural Productivity scenario, there
was limited protection of any of the ES beyond food production poten-
tial. Alternatively, we found that when additional objectives were
included, the APAs protected ES without sacrificing agricultural-specific
goals. As such, this analysis suggests that it is possible to systematically
identify APAs that protect agricultural productivity, while simulta-
neously protecting the many other benefits agricultural land provides.

Building off the existing body of literature on multi-objective con-
servation planning (e.g. Quintas-Soriano et al., 2021), we show how to
apply a multi-objective prioritization framework to agricultural land
protection that balances multiple ES. Previous work has suggested that
including multiple ES in understanding agricultural lands could help
achieve conservation, sustainability, and food security goals (Halperin
et al., 2023). Our work builds on those findings and suggests a
landscape-level systematic approach to identifying APAs that considers
the trade-offs between ES and agricultural productivity. This analysis
also provides further evidence that holistic conservation efforts lead to
an increase in overall conservation impact. For example, previous
research has shown that to optimize effectiveness, networks of protected
areas must be representative of ecosystem processes (Ivanova and Cook,
2023). By integrating ES into the designation of APAs, we show how
targeted conservation efforts can increase the integrity and impact of
agricultural land protection.

4.3. Agricultural land protection can add to protected area networks and
aid in reaching global conservation targets

A driving motivation for our study was to specifically understand the
benefits of integrating a systematic landscape-level approach to agri-
cultural land protection as a way to address important conservation
challenges. While this analysis highlights the role that agricultural lands
can play in meeting 30 × 30 conservation goals, it also illustrates how
objectives can influence the degree to which agricultural lands
contribute to these goals. Based on the conservation indices generated
by Suraci et al. (2023a), we found that the four scenarios protected
different levels of higher conservation value land. Notably, the Agri-
cultural Productivity scenario emerged as the least effective at

Table 1
Average cost (million USD/km2), total cost (billion USD), and total area (km2) protected for each optimization scenario for targets between 0 % and 40 %. Solution-30
is bolded.

Target Agricultural productivity Climate mitigation Wildlife habitat Combined ecosystem services

Million
USD/km2

Total cost
billion USD

Total
pixels

million
USD/km2

Total cost
billion USD

Total
pixels

Million
USD/km2

Total cost
billion USD

Total
pixels

Million
USD/km2

Total cost
billion USD

Total
pixels

0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0 0.0 0.00 0
5 4.2 0.29 70 4.0 0.45 113 4.1 0.38 93 4.0 0.45 113
10 4.2 0.61 143 4.0 0.90 224 4.0 0.86 214 4.0 0.91 225
15 4.3 0.93 218 4.1 1.35 332 4.1 1.28 313 4.1 1.36 334
20 4.3 1.27 296 4.1 1.81 443 4.1 1.69 413 4.1 1.82 446
25 4.3 1.61 374 4.1 2.28 555 4.1 2.13 516 4.1 2.29 558
30 4.3 1.96 455 4.1 2.75 667 4.1 2.55 617 4.1 2.78 673
35 4.3 2.33 538 4.1 3.22 780 4.1 3.00 723 4.1 3.26 789
40 4.3 2.70 623 4.1 3.70 893 4.2 3.45 831 4.1 3.75 903
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protecting higher conservation value pixels, as it protected no higher
conservation value pixels for both the Combined and Biodiversity
indices and a limited amount of higher conservation value pixels for the
Climate index (13 %) (Fig. 4; Appendix C.3).

Our work aligns with previous research that supports both private
and working lands potential to improve conservation outcomes (e.g.
Chapman et al., 2023; Bargelt et al., 2020) and provides further justi-
fication for including ES in conservation decision (e.g. Villarreal-Rosas
et al., 2020). However, our work shows that caution should be taken to
maximize the benefits of agricultural land. Our results suggest that the
current methods of protection which solely prioritize agricultural pro-
ductivity will likely not contribute significantly to other conservations
goals. In order to improve the integrity of future conservation efforts and
expand private protected networks, there will need to be improved
strategies that consider factors other than agricultural productivity.

4.4. Priority area selection should consider cost-effectiveness

When conservation budgets are limited, cost is a key factor in con-
servation decisions. In this analysis, we found that the Agricultural
Productivity scenario required the least amount of land to reach the
solution-30 target, and therefore had the lowest total cost of the four
scenarios. However, the Agricultural Productivity scenario on average
protected higher cost land than the other three scenarios (Table 1). The
other scenarios identified APAs that reach agricultural productivity
targets while simultaneously protecting other crucial benefits, at a lower
cost/km2. Our results suggest that integrating alternative objectives may
prioritize cheaper land on average but require more land to reach set
objectives and therefore, come at a higher total cost. Therefore, it is
expected that including additional objectives into conservation strate-
gies will likely come at a higher total cost, but will protect a larger area
of land, will protect additional benefits, and will likely have a lower
cost/km2. While the concept of nature as capital and accounting for the
economic values of nature is controversial (Duke et al., 2013), by inte-
grating cost into the designation of APAs we provide additional infor-
mation that shows that targeted conservation efforts can increase the
integrity, impact, and cost-effectiveness of agricultural land protection.

4.5. Limitations and next steps

Our analysis included ES, which were chosen and developed based
on their importance to the region, relevance to agriculture, and current
and available data and methodologies. However, we only included the
biophysical aspect of the ES. We suggest future research include a more
nuanced relationship between people and nature such as the direct
benefit people obtain, demand for ES, or vulnerable human populations
(Villarreal-Rosas et al., 2020; Chaplin-Kramer et al., 2019). Addition-
ally, we suggest future research continue to explore systematic ap-
proaches for APA selection including additional relevant objectives to
promote the viability of agricultural regions. We strongly urge re-
searchers and managers to match conservation objectives to regional
priorities. For example, if land managers were primarily concerned with
protection of cultivated lands and potential to mitigate climate through
carbon storage, it would be important to restrict the analysis to culti-
vated land and include carbon storage as the primary objective.

We focused this study on understanding the trade-offs in promoting
the multifunctionality of agricultural land in APA designation. We tested
the sensitivity of the solutions to varying targets and objectives and
primarily focused on solutions that met 30 % targets; however, quanti-
fying the sensitivity of the model to target variation and individual in-
puts was outside the scope of our work. Overall, the incorporation of
sensitivity analysis in optimization analyses is under-developed (but see
Roura-Pascual et al., 2010), and we suggest future research focus on
exploring methodologies to understand the sensitivity of priority area
designation to all aspects of model generation.

In this study, we used the estimated fair market value of private lands

as a comparable one-time cost for acquiring a parcel (Nolte, 2020). We
believe that this a good first-order approximation; however, we
acknowledge that Idaho’s status as a non-disclosure state may limit how
well these data reflect land prices in the state. Furthermore, while these
data represent the cost of acquiring land, it does not reflect the non-
market values of the numerous ES provided by agricultural land – a
key piece of information for cost-effective conservation decisions that
balance the cost of conservation and the total benefits of the protect land
(Duke et al., 2013). The collaboration of planning specialists with social
and economic scientist will enhance the likelihood of successful APA
implementation, advance our understanding of the economic and social
consequences associated with APAs, and provide more precise assess-
ments of the monetary value of ES.

Our study was conducted at the regional scale, for a single case study,
and we acknowledge that the results may be different for other study
areas, or if conducted at a national or global scale. The potential for
agriculture to provide benefits at a global scale has been widely recog-
nized (e.g. Bossio et al., 2020) and thus our regional study can serve as a
model for future studies that explore the potential of agricultural land
protection at larger scales. We suggest future research reproduce and
validate our work across regions and scales to explore the heterogeneity
in benefits that agricultural land may provide and the total capacity of
agricultural land to contribute to global conservation goals. Lastly, we
acknowledge that our results may differ depending on local land use
planning restrictions, social-ecological context, as well as national or
global context (Williamson et al., 2018; Margules and Pressey, 2000).
We urge strong consideration in the objectives that are prioritized to
reduce the risk of social inequity and in order to match community
concerns.

5. Conclusion

We used a common methodology in biodiversity conservation and
applied it to the protection of agricultural land to protect multiple ES.
We improved our understanding and provided further justification for
the need for increased land conservation and highlighted the importance
of private land protection efforts to achieve conservation targets. We
find that a focus solely on protecting private agricultural lands oppor-
tunistically, without a landscape level and multi-objective approach
may limit private lands potential to maximize ES and contribute to
global conservation targets.

We recommend management solutions that support balancing trade-
offs between agricultural viability and conservation efforts. Such efforts
will likely take coordinated efforts across state, local, and federal
agencies to scale-up actions, maximize benefits, and find solutions that
can combat the challenge of managing multiple objectives. We antici-
pate that our findings will be a starting point for future research and
discussion on ways to increase investment in private land conservation.
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