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Abstract

AU : Pleaseconfirmthatallheadinglevelsarerepresentedcorrectly:There has been an increasingly prevalent message that data regarding costs must be

included in conservation planning activities to make cost-efficient decisions. Despite the

growing acceptance that socioeconomic context is critical to conservation success, the

approaches to embedded economic and financial considerations into planning have not sig-

nificantly evolved. Inappropriate cost data is frequently included in decisions, with the poten-

tial of compromising biodiversity and social outcomes. For each conservation planning step,

this essay details common mistakes made when considering costs, proposing solutions to

enable conservation managers to know when and how to include costs. Appropriate use of

high-quality cost data obtained at the right scale will improve decision-making and ultimately

avoid costly mistakes.

Introduction

With increasing demands on natural resources, such as clean water, food, and fuel, it is becom-

ing critical that we manage ecosystems to sustain the supply of these goods and services [1]. To

achieve this, a primary focus of conservation has been designing and implementing area-based

conservation measures. Countries have committed to such actions through international man-

dates such as the Convention on Biological Diversity [2,3]. Delivering on these mandates will

require an understanding of where conservation is needed and what must be done to achieve

it, both within the protected and conserved estate and beyond. Furthermore, social and eco-

nomic considerations are crucial to ensuring that conservation measures deliver both biodi-

versity and social outcomes [4].

Over the past 35 years, the technical ability to design spatially explicit conservation inter-

ventions has advanced significantly [5]. The relative importance of considering data about

costs in conservation planning became a particular focus of academic publications following

the seminal work by Ando and colleagues [6], which demonstrated that cost-effective selection

strategies achieve the same species coverage at lower costs compared to those that ignore heter-

ogenous costs [6]. This work and others emphasized that including economic costs into con-

servation planning had the potential to improve outcomes through cost-efficient design of

conservation actions [7–9] and estimating the true financial needs of conservation programs

for appropriate resourcing [10–13]. The benefits of including costs in conservation planning

were highlighted in an overview of the field [14], which also summarized best practice
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economic methods for modeling spatial explicit conservation costs and called for expanded

adoption of such econometric frameworks to improve the type of cost data considered in con-

servation (see Box 1 for a definition of the types of conservation costs). In other words, includ-

ing costs in decision-making should allow conservation to achieve more with less. However, a

key point is that most observed “cost-efficiencies” observed are attributed to the fact that con-

servation costs are much more spatially variable than biodiversity features [6,7,15–17], and the

more variable data will drive the spatial selection of priorities [7,14,18].

Box 1. Glossary

Conservation costs can be separated into 5 components: acquisition, management,

opportunity, transaction, and damage [14]. This essay focuses on the financial costs of

conservation most frequently estimated and considered in conservation planning: acqui-

sition, management, and opportunity costs. Each is defined below noting common esti-

mation methods or surrogate measures used in the conservation literature.

Acquisition costs are the costs of acquiring a bundle of rights from a rights holder. Most

commonly these are related to parcels of land and are therefore relevant to terrestrial

conservation planning; purchase of rights can also occur in marine environments as well

such as via the transfer of licenses for fishing or closures to traditionally managed marine

areas. In the traditional definition of acquisition costs—relating to the purchase of land

parcels—acquisition costs are best estimated using historic sales records and hedonic

modeling which accounts for factors influence property prices [19–21]. However, sales

records can often be challenging to access due to the commercial in confidence nature of

such data. Land value is more commonly used as a surrogate measure for acquisition

costs and either land valuation records that have complete spatial coverage are used,

based on government records, or hedonic modeling is used to estimate missing data

[22]. Where sales and land value records are absent or unreliable—for example, in coun-

tries that do not have land tax systems—another common surrogate used is estimated

opportunity costs.

Opportunity costs are the costs of forgone opportunities associated with changed man-

agement or use of a place (e.g., protecting or conserving and thus reducing future extrac-

tive uses). Here, we focus on opportunity costs from lost production (hereafter simply

referred to as “opportunity costs”); these can be separated by different types of extractive

uses to stakeholder groups and thus the relative distribution of costs across groups [23].

In terrestrial planning, opportunity costs are commonly estimated using land use model-

ing and current commodity prices [24,25], while in the marine environment, methods

to estimate have included fishing models and market prices specific to particular target

catches [26] and stakeholder mapping approaches [27,28].

Management costs are those associated with the ongoing maintenance of a conservation

program and can be broken down into fixed costs, which are independent of the amount

of conservation effort, and variable costs, which are proportional to the type or amount

of conservation management [29]. Management costs can be a significant portion of

total conservation costs and are therefore often considered in developing conservation

plans. Complete cost accounting, capturing context of the management action as well as

the specific activities, frequency, and timing, provides the most reliable measure of cal-

culating the financial costs of management [30]. The benefit of such accounting is that
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A precautionary lesson is that, if cost data truly drive optimal conservation allocations, we

need a more complete understanding of the distribution of costs [20,31–35]. In simple terms

—the hoped for gains in conservation are reliant on integrating cost data that accurately cap-

ture fine grain patterns. This is an essential observation that supports the need to include cost

considerations in conservation, but also underscores the need for high-resolution, quality data.

Conversely, including the wrong cost data can have negative consequences for conservation

decisions [20,36,37].

More than 2 decades have passed since the initial push in the academic literature to con-

sider economic costs in conservation. The importance of data quality, and the consequences of

poor cost estimation, have been further highlighted in subsequent reviews [20,37]. However,

this academic debate has not translated into changed practice. The common mistakes identi-

fied by Naidoo and colleagues [14], and further discussed by Armsworth [20], are revisited

here and embedded within conservation planning steps (Fig 1—Conservation Standards [38]).

For each planning step, socioeconomic considerations and mistakes commonly associated

with them are reviewed and solutions proposed (Fig 1). The solutions are drawn from available

methods and tools. The essay aims to demonstrate that the solutions discussed are practical

and that conservation decisions will benefit from investing the required resources into defin-

ing, estimating, and integrating cost data (with a particular emphasis on the financial costs of

conservation, Box 1).

Step 1: Assess—Identifying the “who” and “what”

The first step of conservation planning is to assess the context; the key output of this step is a

well-defined problem statement (Fig 1, Step 1). The essential elements of a problem definition

are: the conservation objectives; threats to these objectives; actions based upon a system model

that links actions to threat (reduction) and ultimate contribution to meeting the conservation

objectives; and resource constraints, which can include the availability of stakeholders or their

willingness to participate in a program, funding, costs of actions, as well as broader social val-

ues or political aspects of any decisions [39–41]. These can be summarized into the “who”

(stakeholders or decision-makers), “what” (actions), and “why” (objectives and threats) of the

conservation problem; each component can be linked via a theory of change to clearly articu-

late the logic for the plan [38,42].

The common mistake at this step is to not fully specify the problem, taking into account the

context of implementation and a broader set of stakeholders involved in the conservation plan

[39,43]. The solution is simple to express: expand the problem definition to consider more

broadly the set of actors impacted by a program and consider alternatives to the status quo of

who should lead a plan or program. Identifying the “who” within a problem definition is likely

to be iterative, with a first step in the conservation standards being to identify the initial

the data can also be used by others to estimate the costs associated with management in

similar contexts. Despite the benefits of such reporting and data sharing, the practice

remains rare. Agencies more frequently report management costs in aggregate, or at a

per unit level, making transferability of such data limited. Where site specific estimates

of management costs are absent a common surrogate is to assume management costs

will be a ratio of acquisition costs—an assumption that has been shown to not hold

[20,31] but unfortunately remains common in practice.
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Fig 1. Conservation planning steps and associated problems. The conservation planning steps on the left are adapted from the

Conservation Standards (solid boxes [38]) and the associated problems with cost considerations and proposed solutions are on the right

(dashed boxes). Each step is defined with subsidiary components.

https://doi.org/10.1371/journal.pbio.3002676.g001
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planning team, core decision-makers, and stakeholders empowered within the planning. A

later component of Step 1 is to conduct a stakeholder analysis as part of a situation analysis or

theory of change. A clear statement of each actor’s action, and associated costs and benefits,

then flows logically. For example, in Box 2 alternative problem definitions are posed between

conservation organization, government-led, or locally led plans, demonstrating the differences

in costs chosen for planning and ultimately the spatial configuration of conservation areas and

associated financial costs.

Box 2. That is not fair. Inequitable distribution of costs when the
“who” is not well defined

A common approach to defining the conservation problem and subsequent choice of

cost measures is to focus on the direct costs to the implementing organization, with a

desire to minimize these. However, this neglects a more nuanced view of “who” is

involved in conservation, and how the impacts or costs to these stakeholders should be

considered. This would then influence the choice of cost metric and spatial prioritization

of areas.

Consider for example the expansion of the Mbaracayu Forest Biosphere Reserve in Para-

guay, where there are several stakeholder groups directly impacted: the implementing

conservation organization, local smallholders, local ranching businesses, and multina-

tional soybean producers. Opportunity costs were estimated for each [24] and incorpo-

rated into spatial prioritization to consider the spatial design of expanding reserves [23].

Depending on the problem definition and choice of “who” the cost estimates will be dif-

ferent. This then influences the spatial configuration of reserves and associated costs. To

demonstrate this, consider 3 scenarios and the relative opportunity costs to stakeholders

(see [23] for original analyses and full figures).

Scenario 1 reflects the common approach to problem definition which seeks to minimize

the costs to the conservation organization. In this scenario, the appropriate cost metric

to use is total opportunity costs as an estimate of the cost of land acquisition (Scenario 1,

Fig 2). While this results in the lowest acquisition costs to the organization the costs ($3

million), the distribution of costs is uneven with costs largely borne by subsistence small-

holders ($1.2 million) and local ranching ($1.5 million) (Fig 2).

If, instead, the problem definition explicitly seeks to avoid costs to those who would be

most impacted (smallholder opportunity costs as the key cost consideration, Scenario 2;

Fig 2) the financial cost of acquisitions to the organization is nearly double ($5.7 mil-

lion), and the costs are substantially larger to soybean production ($1.3 million). This is

a larger cost borne by some stakeholders but is perhaps fairer as those more able to bear

the costs have a larger share. This also ensures that those most critical to on ground

implementation (in this case, local community such as smallholders) are less impacted

($0.3 million).

Lastly, in Scenario 3 if the conservation organization seeks to minimize disruptions to

supply chain productions or if a government seeks to minimize conflicts with multina-

tional organizations, then the problem definition would be to minimize costs to soybean

production and the cost component included would be opportunity costs for soybean.

In this scenario, the costs are negligible for soybean production ($0.05 million) and

instead displaced on local community (smallholders and ranching, $3.7 million collec-

tively, Scenario 3; Fig 2).
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Success in Step 1 underpins the next step—selecting the correct data and considering the

appropriate distribution of costs and benefits across actors (Box 2). The challenge in this solu-

tion is not a methodological one—the methods for stakeholder analysis are widely used in

This example emphasizes that failing to consider the distribution of costs across stake-

holders may result in inequitable distribution of cost burdens. In addition to the costs

varying significantly across stakeholders, the spatial prioritizations also vary. This is due

to the spatial patterns of land use and opportunity costs across stakeholders (Fig 2).

Being clear about the pathways to impact for conservation success, and the relative costs

and benefits borne by stakeholders, are key considerations for a clear problem definition

(Step 1 Assess–Fig 1). This enables appropriate choice of cost measures and subsequent

considerations of how costs are distributed across stakeholders. Incomplete or inappro-

priate problem definition comes at the risk of designing unjust programs which cause

social harm to particular segments of the population.

Fig 2. Three planning scenarios and distribution of associated opportunity costs across stakeholders. The data and results are adapted from [23]. For

each scenario, a map of prioritized areas for reserve expansion is included above the cost distribution. Scenario 1 minimizes costs to the conservation

organization. Scenario 2 minimizes costs to smallholders. Scenario 3 minimizes costs to soybean production.

https://doi.org/10.1371/journal.pbio.3002676.g002
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conservation practice [44,45]. Rather, the barriers may be institutional when considering how

to empower or integrate impacted stakeholder groups into planning and program delivery.

Step 2: Planning with the right data for the conservation problem

The next step in the planning process is to conduct the planning, including a prioritization of

actions (spatial or aspatial), based on the problem definition (Fig 1, Step 2). Step 1, when done

well, results in a clear articulation of “who” is tasked with doing a conservation action, as well

as “who” the impacted stakeholders are. This then guides the choice of costs to include in Step

2, as well as a consideration of how costs are distributed across stakeholders, and potential

equity concerns [23,46]. Neglecting these considerations can result in spatial prioritization

that negatively impacts stakeholder groups resulting in inequitable outcomes or social harms

[23,26,27] (Box 2).

In assembling appropriate conservation and economic data for the plan, a key consider-

ation is that the relative variability of cost and benefit data will influence spatial priorities.

Therefore, modeled data should reflect the true variability and distribution of costs [20,31–35].

Key mistakes in the planning step belong to 2 categories: wrong choice of cost components,

which is often based on the assumption that cost components are correlated and act as surro-

gates; and inappropriate use of coarse-scale data, resulting in estimated costs that do not cap-

ture the true cost variability and distribution.

Wrong choice of cost components

A pervasive issue plaguing this step is which cost components to consider and include. The

cost components most frequently included are opportunity and acquisition costs, often

because the data are more readily available to planners. Data on other cost components are

underreported, or tracked in ways that hinder usefulness, e.g., reported in aggregate across

large spatial scales or across multiple distinct programs, thus masking actual activities, hetero-

geneity in drivers, and distributions across stakeholders. This is particularly problematic for

management costs, which can occur in perpetuity and thus dwarf acquisition costs.

Due to this bias in the type of data reported and easily accessed, studies have relied on the

(often realistic) assumption that acquisition and management costs are positively correlated,

or that management costs are uniform across space. Thus, including heterogeneous acquisi-

tion costs would be sufficient to capture the total cost structure. This assumption has been

debunked and its impacts on spatial priorities and program costs demonstrated [20,47].

Inappropriate spatial grain of data

Once the cost components have been selected, the next challenge is to ensure that the data

have relevant spatial resolution for the analyses. It is common to rely on readily available data

that are far too coarse to be useful in fine-grain analyses, such as using regional or national

scale data when prioritizing at local scale for, e.g., property or sub-property level conservation

prioritizations [20,36]. For example, prioritizations may include land valuation and agricul-

tural rent data reported at county level averages, while decisions are made at individual (or

sub) parcel level, or management costs estimated at state or country level [11,48] for subna-

tional scale decisions.

Including averaged data in decision-making smooths the actual heterogeneity of the costs

and substantively alters the overall data structure, i.e., the relationships between costs, benefits,

and threats, all of which render the data inappropriate for decision-making [20]. Using such

coarse-grain cost estimates alongside fine-grain environmental data has been demonstrated to

influence spatial choices, including choosing more expensive configurations than expected, or
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even missing conservation targets due to avoidance of areas that were misattributed as “too

expensive” [20,35,47,49,50].

Estimation techniques and ways forward

Due to the issues of relative resolution of cost and biodiversity data, not all cost data are equal,

and the inclusion of any available data on costs is not necessarily better than omitting data.

The quality of data matters. If the cost data available is ultimately unlikely to mirror the hetero-

geneity of the true costs of conservation, including this data can do more harm than good. The

consequences of budgeting with poor data are exemplified in Box 3, demonstrating that these

can result in misestimating costs by (at least) an order of magnitude.

Box 3. How much will it cost?! Budget blowouts as a consequence
of hopeful assumptions and incomplete data

Mis-assigning the types of cost to consider, or assumptions underlying estimates, will

result in changes in spatial targeting of priorities with associated large uncertainties in

budget estimates [19,51].

For example, in 2008 the Queensland Government announced a policy of expanding

their reserve estate to 20 million hectares by 2020. The Government’s cost estimate was

$120 million [52]. This estimate was focused on capital acquisitions not ongoing mainte-

nance, thus immediately ignoring core cost components associated with the conserva-

tion program. The estimate also relied on wishful thinking with respect to pathways into

the reserve estate and the associated acquisition costs to the Government. Adams and

colleagues [19] demonstrate that expected costs exceed this and are highly dependent on

key assumptions.

The Queensland Government’s pledge included a commitment to purchase 4 million

hectares in new reserves. Alongside acquisitions, the Government also signaled an inten-

tion to convert state land (either unallocated stated land (USL) or state land with extrac-

tive leases to be resolved) to reserves [52]. The vast remainder of the expansion was

expected to occur on leasehold land, through a mix of voluntary or compulsory cove-

nants, and freehold land through voluntary Nature Refuge agreements [53]. Estimating

the full costs of meeting the target of 20 million ha by 2020 requires understanding the

spatial distribution of conservation values and likely reserve designs, which then speci-

fies the acquisition pathway and associated costs (including acquisition, management,

and transaction costs). The budget estimates using this approach found that, even under

the Government’s hopeful assumptions, a minimum budget requirement is $250 million

—twice the original estimate. Depending on a full range of possible assumptions and

pathways, the estimated budget ranged from $214 million to $2.9 billion [19].

Key drivers of possible budget increases are: (1) the extent to which subdivision of prop-

erties is feasible (such that only desirable conservation values could be purchased rather

than whole properties); (2) pathways into the reserve estate; and (3) the conservation tar-

gets set. Costs respond nonlinearly to changes in these assumptions. Accurate cost esti-

mations therefore rely on the use of modeling that considers the spatial distribution of

conservation features, tenure, program costs (specific to tenure), and property bound-

aries [19].
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Solutions to these persistent traps start with improving the availability of fine-grain data

across cost types. Given the relative importance of management costs, priority should be given

to widespread adoption of transparent reporting using a standardized framework which details

context (including temporal and spatial dimensions) and cost components at the activity and

site. The lack of fine-grain reporting hinders progress in understanding the patterns of man-

agement costs required to support the programs that NGOs and Governments alike seek to

deliver. Although organizations collect financial expenditure data, and often share it for

reporting purposes, expenditure tracking is often at aggregated scales that render the data chal-

lenging to work with for the purposes of modeling. Instead, time-intensive work to disaggre-

gate these figures to activities or management approaches is required [30]. Adopting

recommended reporting approaches to standardize how costs are tracked and shared would

reduce major barriers in improving the granularity of cost models [29,54].

If appropriate data (both in activity type and spatial grain) are not available, modeling

methods could produce data more likely to reflect the true spatiotemporal variability in under-

lying data structures [20]. There are many well-documented and familiar ways to elicit and

estimate costs, such as stated preference methods (e.g., contingent valuation, choice modeling),

hedonic modeling, simulation methods, and mechanistic modeling [14,20,21,55,56].

Step 3: Implementation over time and space

Step 3 takes the plan produced in Step 2 and develops the required operational work plans to

begin implementing and monitoring. Therefore, cost estimates used to develop the plan and

budget for it within Step 2 will be the basis for Step 3. Implementation of plans is frequently

multiyear and incremental in nature, and thus the spatiotemporal variability of costs and how

they respond dynamically over time [55] is essential in moving from plan to implementation.

While the spatiotemporal dynamics of costs have been observed, little guidance has been

given as to whether these dynamics can be accounted for during the planning phase of conser-

vation. Additionally, these dynamics will affect the scheduling of conservation actions through

time, yet methods for scheduling conservation actions have not accounted for these dyna-

misms [15,57]. There has been some treatment of how acquisition costs respond to conserva-

tion interventions through land market feedbacks [55,58], and of how opportunity costs vary

in transitioning land and seascapes [24,26]; however, considerations of dynamic management

costs have been relatively neglected.

Management costs are likely to display economies or diseconomies of scale [31,59,60] as

well as temporal variability [29,61]. However, as noted above, it is common to ignore both spa-

tial variability and temporal variability of management costs (i.e., how costs vary from startup

to long-term maintenance). Ignoring how costs respond to changing contexts over time can

easily cause misestimation of management costs; the repercussions include negative outcomes

for operational planning and resourcing of management teams.

The solutions here build upon those in Step 2. If costs are reported transparently using stan-

dardized accounting methods [30] that specify temporal period as well as spatial context, then

improved estimation and modeling methods can be applied. For example, mechanistic models

could then be parameterized to estimate the likely costs given the spatial and temporal extent

of programs, as well as the optimal allocation of management action type (e.g., aerial or on

ground weed treatments, Box 4) [62]. These considerations are familiar to on-ground manag-

ers tasked with operational planning, but perhaps less so for those in decision support or con-

servation prioritization roles that are focused on strategic planning. An explicit connection

between these roles is needed to ensure the divide from plan to implementation is not widened

by poor consideration of cost structures and the on-ground teams they represent [39].
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Box 4. What are we doing, where, and when? Planning and costing
for implementation

On-ground management actions are highly context dependent. Consider managing an

environmental weed capable of establishing large monoculture (>1,000s ha). Eradica-

tion within a sparse infestation (<1% coverage) might require on-foot search with lim-

ited spray or hand-pulling once individual plants are found [63]. In contrast, controlling

a large and dense infestation (>50% coverage) might be more effective with aerial spray,

for which costs are largely associated with the hire of highly skilled helicopter pilots [64].

Estimating accurate costs thus requires understanding the context of management. Even

within a single technique, such as aerial spraying, there may be substantial differences in

the per hectare costs depending on spatial extent of management (i.e., potential for econ-

omies or diseconomies of scale) [65].

The year of implementation also matters—most management programs require large

up-front investments in activities, followed by ongoing maintenance (Fig 3) [66]. Mech-

anistic models that capture the on-ground activities can be used in spatial targeting or

scenario testing, along with building realistic cost estimates [65,67]. Switch points in

decisions between deploying different methods (e.g., aerial spray versus on-ground

treatment) can also be identified as model outputs, and relative to contextual attributes

such as weed infestation size, density, and accessibility.

An agent-based weed spread and management model was developed to test spatially

explicit management scenarios [68,69] and has been subsequently used to support man-

agement planning in national parks [62,64]. The required data to build the model

included: on-ground research spray trials (to test effectiveness and cost the model

inputs) [63]; cost quotes and methods of management from a contractor (supplied to

support research) [70]; and further expert input from managers on how to approach on-

ground management, depending on size and density of infestation. Although collecting

these various data sets and validating models require time investment, the necessary data

are accessible and can be reliably elicited. A key feature of the model is that it provides

both labor hour and financial cost estimates for management scenarios, which supports

aspects of work planning in addition to financial budgeting (Fig 1, Step 3—Implement).

Using this approach, the estimated annual total management costs for a regional weed

management strategy are likely to vary each year and be dependent on year. There are

large labor and financial commitments during the first years of large-scale eradication

programs, followed by very low levels of labor time and financial costs in maintanenace

years (Fig 3). Using an agent-based modeling approach to design and test management

scenarios for overall feasibility and benefits, the cost estimates range from $400,000 to

$900,000 a year in the first years of a large-scale eradication campaign to $80,000 a year

in maintenance years (primarily costs accrued in monitoring control boundaries; Fig 3).

Modeled annual management costs for different scenarios can provide one point of ref-

erence for management planning, alongside the relative benefits of each (e.g., avoided

loss of areas to weed infestation, protection of natural values, reducing risk to human life

or assets) [64]. Coupling spatial management maps alongside annual cost estimates and

labor hours can support managers to move from planning to implementation and ongo-

ing evaluation.
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Ways forward

The above discussion has emphasized the consequences to conservation programs of mis-

assigning and estimating costs, with a particular emphasis on the potential to erroneously shift

conservation priorities in response to incorrect cost data, or to wildly misestimate program

costs. Addressing the quality of economic cost data is important but not a panacea. In addition

to the pragmatic imperatives of bringing conservation programs in at a minimum cost, there

are broader philosophical reasons for economic costs to be central in decision-making. By

including economic considerations in conservation planning, decision-makers must make

explicit the multiple (often competing) goals for a place, and in doing so make any trade-offs

transparent [32]. It is critical to keep in mind the purpose of cost data and its role in planning:

to ensure conservation programs are properly resourced and supported. Where data are

judged to be of insufficient quality, for reasons discussed above, an alternative is to use plan

processes to reveal costs and benefits.

Fig 3. Regional annual weed management costs over time for 2 possible management scenarios. Figure adapted from Adams and colleagues [62] as an

example of cost estimates using simulation methods and embedded in-scenario planning and evaluation.

https://doi.org/10.1371/journal.pbio.3002676.g003
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Processes alongside data

In many cases, rights holders will know more than conservation organizations about the costs

of managing land to deliver environmental services and about opportunity costs to produc-

tion. In these cases where there is information asymmetry, measuring the true costs of pro-

grams a priori may be impractical. A solution is to omit estimated cost data from the planning

step, and instead carefully design processes for eliciting costs and benefits of actions. Such pro-

cesses still benefit from a baseline map of conservation features (e.g., species, ecosystems, eco-

system services) to understand what the values, threats, and required actions are. Depending

on the planning problem and the stakeholder roles in planning, this map can then be embed-

ded within processes such as reverse auctions, collective bargaining, or participatory decision-

making (e.g., community-driven plans) [43,71–73]. The type of process chosen should be

matched to the problem definition and stakeholders just as cost data should be. Examples of

context and processes are given here for allocating private land conservation stewardship con-

tracts, public forest resource use, and community-based management.

In the case of private delivery of environmental goods, such as on private land, auctions are

a common (but diverse in form) method to elicit costs [73]. Auctions, either pilots or ongoing

programs, can reveal appropriate pricing of environmental services [74–76] and other social

dimensions of participants [71,77]. It is worth noting that information on environmental ben-

efits, as well as other signals of cost (e.g., land valuation, auction reserves, agricultural rents,

and surrogate measures of benefits and/or costs), are still commonly used by those running

the auction to evaluate the bids received alongside the elicited costs (for summaries of program

inputs, see in particular [71,75]).

In the case of public resource use and management decisions, such as public forest reserves,

information asymmetries can also exist across user groups. In this case, given that the stake-

holders have shared interests in a public good, collective bargaining can be used to reveal

stakeholder preferences and opportunity costs. Such negotiations or collective bargaining

require careful design to ensure power structures can be navigated to deliver equitable out-

comes [78]. Data still plays a central role as a means of guiding the negotiations; for example,

benchmarking known environmental values and social costs attached to particular parcels,

and tracking the extent to which conservation objectives are met as collective agreement is

reached (e.g., to protect a parcel or leave in forestry leases or sell on) [79]. The NSW Regional

Forestry Agreement is a particularly well-documented example of the use of decision support

tools and data in a bargaining setting [43,79].

Lastly, there are cases where the true costs of conservation are challenging to estimate

because land and sea uses are in transition, or community-based management structures make

individual and collective costs hard to disentangle [80]. Participatory, community-driven plan-

ning is appropriate in these cases [81]. Data is an important input and used similarly to collec-

tive bargaining; for example, maps of environmental values or other identified community

values can be used to facilitate community-based decision-making [82,83]. In Kubulau Fiji, a

community-based participatory planning process for marine protected areas was chosen over

desktop prioritization methods using modeled data. This is an example of where costs had

been elicited (including catch per unit effort, profit, and opportunity costs [26]) but were ulti-

mately not fit for purpose and instead a community-led process was designed. The existing

data were used as supporting measures for the community-driven process, which allowed for a

broader set of values to be considered.

The planning processes highlighted here are indicative and represent a range that can be

tailored to different contexts. For further discussion around the choices in participatory plan-

ning processes and stakeholder engagement commitments, see Adams and colleagues [43]. A
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feature of the case studies discussed here is that data on both conservation values and costs

play a supporting role, but the final program design emerges from the planning processes.

Conclusions

There has been an increasingly prevalent message that cost data must be included in conserva-

tion planning activities to make cost-efficient decisions [14,17]. However, as argued here,

while socioeconomic considerations are a critical component of conservation decisions, data

must be appropriate and fit for purpose to be included. Including the wrong data, either in

scope, quality, or resolution, can have detrimental effects on conservation programs. While the

intractability of some of these issues is troubling—given that they were first highlighted in the

literature more than 2 decades ago—the solutions are within the grasp of conservation deci-

sion-makers. Data has never been more available and methods for estimating and modeling

costs have progressed substantially. Embracing standardized cost-accounting methods for data

reporting will further improve the quality of data available, allowing for the estimation of costs

controlling for contextual factors. However, improving cost data quality is not sufficient on its

own [29,54]. Many of the remaining issues are ones of practice, mainly making socioeconomic

considerations equal in weight to environmental ones from problem definition through to

program design and evaluation (Fig 1). There are many tools in the planner’s toolbox well

suited to overcoming these hurdles that will ensure costly mistakes are avoided, and ultimately

conservation decisions are improved.
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