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Abstract
Priorities for protecting ecosystem services must be identified to ensure future
human well-being. Approaches to broad-scale spatial prioritization of
ecosystem services are becoming increasingly popular and are a vital
precursor to identifying locations where further detailed analyses of the
management of ecosystem services is required (e.g., examining trade-offs
among management actions). Prioritization approaches often examine the
spatial congruence between priorities for protecting ecosystem services and
priorities for protecting biodiversity; therefore, the spatial prioritization method
used is crucial because it will influence the alignment of service protection and
conservation goals. While spatial prioritization of ecosystem services and
prioritization for conservation share similarities, such as the need to document
threats and costs, the former differs substantially from the latter owing to the
requirement to measure the following components: supply of services;
availability of human-derived alternatives to service provision; capacity to meet
beneficiary demand; and site dependency in and scale of service delivery. We
review studies that identify broad-scale spatial priorities for managing
ecosystem services and demonstrate that researchers have used different
approaches and included various measures for identifying priorities, and most
studies do not consider all of the components listed above. We describe a
conceptual framework for integrating each of these components into spatial
prioritization of ecosystem services and illustrate our approach using a worked
example for water provision. A fuller characterization of the biophysical and
social context for ecosystem services that we call for should improve future
prioritization and the identification of locations where ecosystem-service
management is especially important or cost effective.

 

Referees

v1
published
27 Sep 2012

 1 2

report report

 27 Sep 2012, :17 (doi: 10.12688/f1000research.1-17.v1)First Published: 1
 27 Sep 2012, :17 (doi: 10.12688/f1000research.1-17.v1)Latest Published: 1

v1

Page 1 of 16

F1000Research 2012, 1:17 Last updated: 31 OCT 2013

http://f1000r.es/T0yHOY
http://crossmark.crossref.org/dialog/?doi=10.12688/f1000research.1-17.v1&domain=pdf&date_stamp=2012-09-27


F1000Research

Associated Commentary

  2012, :30 (doi: )Faith DP F1000Research 1 10.12688/f1000research.1-30.v1
 Gary W Luck ( )Corresponding author: galuck@csu.edu.au
 Luck GW, Chan KM, Klien CJ (2012) Identifying spatial priorities for protecting ecosystem services [v1; ref status:How to cite this article:

indexed, ]  2012, :17 (doi: 10.12688/f1000research.1-17.v1)http://f1000r.es/T0yHOY F1000Research 1
 © 2012 Luck GW et al. This is an open access article distributed under the terms of the , whichCopyright: Creative Commons Attribution Licence

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. Data associated with the article
are available under the terms of the  (CC0 1.0 Public domain dedication).Creative Commons Zero "No rights reserved" data waiver

 The contribution of GL and CK was supported by the Australian Research Council’s Future Fellowship (project numberGrant information:
FT0990436G) and Postdoctoral Fellowship (project number DP110102153) programs, respectively. The contribution of KC was supported by the
Canada Research Chairs program and the Canadian Foundation for Innovation/British Columbia Knowledge Development Fund (Leaders
Opportunity Fund).
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

 Competing Interests: We declare no competing interests.

 27 Sep 2012, :17 (doi: 10.12688/f1000research.1-17.v1) First Published: 1
 04 Oct 2012, :17 (doi: 10.12688/f1000research.1-17.v1)First Indexed: 1

Page 2 of 16

F1000Research 2012, 1:17 Last updated: 31 OCT 2013

http://f1000research.com/articles/1-30/v1
http://f1000r.es/T0yHOY
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/publicdomain/zero/1.0/


Introduction
Ecosystem services (ES) are vital for human well-being1. Much at-
tention has been devoted to mapping and quantifying ES to achieve 
the dual goals of protecting biodiversity and human well-being.  
A growing number of broad-scale mapping studies aim to identify 
priority regions for conducting more localised place-based man-
agement of ES [e.g.,2–5]. Place-based management requires inten-
sive collection of detailed socio-economic and biophysical data, 
and close collaboration with stakeholders for effective decision  
making6,7. Given limited resources and information, and increasing 
threats to ecosystems, it is not possible to do these comprehensive 
analyses everywhere in a timely manner. We argue that there is cur-
rently an under-appreciated, but vital role for spatial prioritization 
of locations in which place-based management should occur so that 
attention is focussed on those locations where resource investment 
will yield the greatest return for human well-being. Indeed, data are 
deficient in most locations for informing comprehensive and accu-
rate analyses of trade-offs in ES management, and spatial prioriti-
zation is a crucial precursor to attempting such trade-off analyses so 
that data mining efforts occur in the most critical locations. Moreover, 
prioritization is essential because much ES management is conducted 
by government or non-government organizations (NGOs) that could 
potentially operate in many places.

Given the important role that broad-scale prioritization can play in 
guiding decisions about where to conduct place-based ES manage-
ment, a critical assessment of current prioritization approaches is 
warranted. Some schemes for identifying spatial priorities for man-
aging ES are simple characterizations of biophysical processes and 
social demand, with little consideration of important information 
such as the availability of alternatives to ES for meeting human 
needs, threats to service provision, and the costs of management ac-
tions. Although fundamentally different to spatial prioritization for 
biodiversity conservation, spatial prioritization of ES may be guid-
ed by some of the key principles of the former. Spatial prioritization 
for conservation is well established and may be applied at coarse 
(e.g., biodiversity hotspots or priority ecoregions;8) or fine scales, 
identifying locations or actions in locations that are relatively more 
important for protecting biodiversity than other actions or other lo-
cations9. As with spatial prioritization of ES, spatial prioritization 
for conservation may help to identify locations where more detailed 
systematic conservation planning should be conducted, and is just 
one component of the planning process10,11.

Spatial prioritization of ES differs from spatial prioritization for 
conservation because ES are valued primarily for their worth to 
humans, can be transferable across space (may not need to be pro-
tected at a specific location), are sometimes substitutable by human 
engineering, and service beneficiaries define the success of man-
agement actions. Yet, as with spatial prioritization for conservation, 
spatial prioritization of ES can guide decsions about local-scale 
planning and inform the allocation of resources from management 
agencies (e.g., World Wildlife Fund;12). Moreover, spatial prioritiza-
tion for conservation is a useful starting framework for ES prioriti-
zation because the former is well entrenched in planning discourse13 
and yields valuable lessons for ES management14.

Current approaches to identifying spatial priorities for managing 
ES apply different prioritization methods (see Table 1), and devel-
oping more consistent and comprehensive methods is an important 
goal for future prioritization studies. We review past approaches to 
spatial prioritization of ES, identifying key aspects that should be 
considered in future analyses. At appropriate places we discuss the 
relevance of spatial prioritization for biodiversity conservation to 
spatial prioritization of ES because certain aspects, such as account-
ing for costs and threats, are common to both. We then demonstrate 
the importance of these aspects through a conceptual framework for 
prioritization that outlines an approach for managing the most vital 
ES for the least cost where they are most needed15. We illustrate the 
framework with a worked example using the ES of water provision. 
Egoh et al.14 reviewed the extent to which ES were included in con-
servation assessments (≈ identifying spatial priorities). Our work 
differs from Egoh et al. by assessing how ES priorities have been 
identified and how methods for prioritization should be improved. It 
also complements discussions of other aspects of ES management 
such as how to operationalize ES on the ground16, developing ap-
propriate payments for services schemes (e.g.,17,18) or how to man-
age service provision at specific sites [e.g.,19,20].

Components of spatial prioritization
The following are key elements to any conservation prioritiza-
tion problem: biodiversity features [assets] that need protection  
(e.g., species or habitats); processes that threaten these features 
(e.g., habitat loss); a set of actions that may be effective at abating 
the threats (e.g., manage invasive species); and financial informa-
tion specifying the cost of implementing each action, and the avail-
able conservation budget11. ES prioritization shares these elements; 
that is, identifying ecosystem features that supply services, threats 
to service provision, potential actions to ensure future supply of 
services, and the costs of these actions. Yet, prioritization of ser-
vices requires at least the following additional considerations: the 
availability of alternative means of providing benefits supplied by 
services; the capacity of an ES to meet human demands; and scale 
of, and site dependency in, the delivery of services.

While each of these factors may contribute to the economic val-
uation of an ES (i.e., captured by a metric such as dollar value) 
such complete and site-specific economic values are rare. Studies 
that estimate the financial value of ES facilitate the appreciation 
of services in widely understood terms, but this approach has well 
recognised limitations including the fact that financial values under-
represent benefits to the poor as they have less capacity to pay than 
rich people21–23. Therefore, it is important to explore alternative ap-
proaches to identifying spatial priorities for ES management that 
circumvent some of the limitations of using financial values.

Supply/benefits of ecosystem services
Quantifying the benefits of protecting the supply of ES is gener-
ally most appropriately assessed in terms of the difference between 
protecting supply and not protecting supply. The advantages of pro-
tecting ES supply may be represented as benefits expressed in dol-
lar values or avoided ecosystem damage (e.g., prioritizing locations 
with high soil erosion potential, but where vegetation cover ensures 
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soil retention;24), or through quantifying the supply of services,  
often in biophysical units. The latter is the most common approach 
in broad-scale prioritization studies (Table 1). Biophysical quan-
tities can include, for example, the amount of carbon stored in 
particular ecosystem types, water availability or supply, or fodder  
production. However, it is crucial to address also the issue of the 
level of biophysical quantity demanded by service beneficiaries. 
We refer to the level of human need for a service as ‘demand’, but 
recognise that this level changes with context and differs from the 
economic perspective of demand as the amount of a good or service 
that can be purchased at a given price.

Simply increasing the quantity of a given service may/may not be 
appropriate depending on human need. It could also divert funds 
from more necessary actions because if the quantities of certain 
ES are adequate and not under threat, investment in the protection 
of these services could be a lower priority compared to services 
currently unable to meet human needs (see ‘Target setting and the 
capacity to meet demand’). Luck et al.15 explicitly addressed this 
issue by prioritizing locations for managing ES based on the hu-
man need for the services of water provision and flood mitigation. 
This directly links the quantity of service provided with the needs 
of beneficiaries and better identifies where needs are not being met.

The benefits of managing for ES vary across space and time, re-
flecting, for example, variation in human need and the capacity 
to pay for human-derived alternatives. This spatio-temporal vari-
ation is decidedly complex, influenced by factors such as the type 
of service being considered, market fluctuations, and the changing 
needs of beneficiaries. This dynamism magnifies the complexity 
of ES prioritization beyond that of biodiversity prioritization. For 
example, Wilson et al.11 note that the benefit-protection function in 
conservation planning is asymptotic in that benefit accumulation 
is less and less with the protection of more land. While the same 
is true for some ES25, the shape of the curve will vary over time 
and space with beneficiary demand driven by, among other things, 
markets and changing needs. Moreover, owing to global markets, 
it can be extremely difficult to identify who benefits from a given 
service. It is less problematic to focus on the immediate beneficiar-
ies of service provision (e.g., growers benefiting from crop polli-
nation) rather than also considering those individuals that benefit 
from the products of services (e.g., consumers of crop commodi-
ties;26). In some cases, it may be sufficient to recognise simply that 
the benefits from the provision of a particular service are globally  
widespread and diffuse (e.g., carbon storage).

Threats to service provision
Conservation planners may quantify threatening processes that in-
crease the risk of biodiversity loss27 and a similar focus on threats to 
ES provision is an appropriate way to incorporate threats into ser-
vice prioritization. It is also important to recognise the fundamental 
difference between the vulnerability of an ES to threat(s), and the 
level of threat a particular service is under. Some services may be 
particularly vulnerable to threats (e.g., crop pollination reliant on 
a single pollinator species), but not currently threatened, whereas 
other services may be resilient to a range of threats, but at risk of 
decline owing to the magnitude of threat(s).

Despite its importance, few ES prioritization schemes to date have 
explicitly incorporated threats (Table 1). Egoh et al.3 document-
ed biophysical quantities of ES provided by intact and degraded 
vegetation, which implicitly addresses threat to service provision 
through landscape degradation. Others examined changes in quan-
tities or dollar values of services through modelling alternative 
future land-use scenarios, recognising that some scenarios (e.g., 
extensive development) represent a greater threat to service pro-
vision than others28–30. A more explicit approach to incorporating 
threats is to document the likelihood of decline or loss of service-
providing ecosystems through, for example, human development or  
habitat loss18,31.

Addressing threats to ES is most important when service provision 
is not substitutable across space (i.e., site dependency is high be-
cause the service must be provided in a specific location; e.g., storm 
protection), there are no human-derived alternatives to service pro-
vision or these alternatives are expensive relative to the capacity of 
local communities to pay for the alternatives, or ecosystem changes 
are irreversible (e.g., species extinction).

Costs of actions to manage services
Conservation planners list a variety of costs that should be con-
sidered when assessing options for protecting biodiversity32. These 
range from acquisition costs (e.g., purchasing land for conserva-
tion) and management costs (e.g., maintaining conservation areas), 
through to social costs (e.g., the number of people displaced from 
conservation areas;11,33). Costs will vary across space and must be 
linked to actions to improve planning relevance9. For example, if 
the action required is land acquisition then a relevant cost is land 
price; if the action is management of a conservation area then a 
relevant cost would be the salaries of conservation managers.

The management of ES attracts similar costs dependent on the type 
of action required to protect the service. Indeed, some ES prioritiza-
tion schemes incorporate opportunity costs in a similar way to bio-
diversity prioritization, recognising that managing ecosystems for 
service provision can yield the same opportunity costs as protecting 
ecosystems for biodiversity (e.g., when an area cannot be used for 
production3,18,34; Table 1). Costs may also be incorporated through 
the use of proxies for resource and maintenance expenses (see ‘An 
example of spatial prioritization’).

It is important to identify the assignation of costs (who pays) and 
benefits in both biodiversity conservation and ES prioritization35. 
For example, designation of a conservation area yields benefits that 
are primarily public, notwithstanding, for example, income gener-
ated from nature tourism, but sometimes at a cost to private interests 
(e.g., opportunity cost of lost revenue from production). Managing 
an area for the delivery of ES can yield relatively greater private 
benefits, particularly for service beneficiaries, with costs borne by 
both public and other private interests. For example, a forest des-
ignated for timber harvest will yield financial benefits to logging 
companies at a cost to the public (e.g., through lost carbon storage) 
and other private interests (e.g., those interested in using the forest 
for ecotourism). Ensuring greater equity in the distribution of ben-
efits and costs from services provided by public or private assets 
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may be achieved through various mechanisms such as government 
regulation, self-regulation (enforced by societal norms), or market 
approaches like cap and trade or payments for ES36,37. Yet, the ap-
propriateness of a particular mechanism depends on the character-
istics of the service being targeted (e.g., who generates the service, 
management jurisdiction, and provider–beneficiary spatio-temporal 
dynamics; see Kinzig et al.37).

Availability of alternatives to service provision
The availability of human-derived alternatives to the provision of 
ES is a vital consideration in service prioritization. These alter-
natives can include, for example, a water filtration plant to cover 
the filtration services of wetlands or pesticides to cover biological 
control. The availability of alternatives and the capacity of relevant 
human communities to pay for these alternatives can influence 
the treatment of other factors such as benefits, threats, actions and 
costs. For example, managing a particular service may be given 
lower priority if human-derived alternatives are readily available 
and affordable, although the associated costs of these alternatives 
must be considered also (e.g., the health costs of increasing pesti-
cide use). Only a few studies that attempt ES prioritization address 
the issue of availability of alternatives (Table 1). As part of the pri-
oritization process, the availability and cost of alternatives should 
be considered simultaneously with the list of potential actions for 
service protection or enhancing service provision.

Target setting and the capacity to meet demand
Setting targets is common in conservation planning and can be a 
requirement for assessing the capacity of selection procedures to 
meet conservation objectives38. In most cases, setting a target is 
equivalent to meeting a baseline threshold. Target setting in ES pri-
oritization is rare and has, to the best of our knowledge, only oc-
curred in four published studies3,4,39,40 (Table 1). For example, Chan 
et al.39 set a baseline target (assumed minimum requirement) of  
12 days of outdoor recreation per person per year and determined 
the space required to provide that level of service from data on park 
visitation. Chan et al.39 also stipulated that targets had to be met in 
different stratification zones within the study area, which accounted 
somewhat for the site dependency of service production and vari-
ability in the spatial distribution of beneficiary needs.

While target setting is one approach to assessing the capacity of eco-
systems to meet the demands of beneficiaries, provision–demand re-
lations have been variously dealt with in the literature (Table 1). For 
example, some studies included data on water use when calculating 
water provision capacity [e.g.,15,26], while others measured down-
stream need for water of a given quality through the calculation of 
population densities and areas of irrigated rice and mangroves18. 
Van Jaarsveld et al.41 calculated water and food provision relative 
to accepted minimum standards for human consumption. The need 
and approach to calculating demand for service provision will vary 
depending on the service of interest. For example, it is generally 
considered unnecessary to calculate spatially explicit demand for 
carbon storage because this service benefits the global community 
and demand is not spatially variable.

Site dependency and scale
Site dependency in the provision of an ES reflects the level of need 
for a particular service to be provided in a particular location in 

order to deliver benefits to a given set of beneficiaries. This can be 
interpreted also in the context of the scale of service provision (e.g., 
local to global). For example, storm protection from mangroves has 
high site dependency in provision – mangrove forests must occur in 
locations where local communities are threatened by storm activity. 
This should not be confused with the substitutability of the service; 
that is, whether human-derived alternatives (e.g., sea walls) or other 
coastal vegetation types can provide a similar service. In contrast, 
global climate regulation through ecosystems storing carbon has 
lower site dependency in provision because it does not have to occur 
at a particular location (i.e., there are various options for managing 
ecosystems to store carbon). However, there is still some level of 
site preference because certain ecosystems (e.g., rainforests) store 
more carbon than others. Site dependency and scale varies also in 
the use of the service. For example, the beneficiaries of biological 
control in agro-ecosystems generally occur at the local to regional 
scale, if the emphasis is on growers, whereas the beneficiaries of 
climate regulation occur at the global scale.

Variation in the site dependency and scale of the provision and use 
of ES has major implications for the valuation of services, which 
must consider spatially explicit and scale-dependent relationships in 
production–consumption flows42. Such relationships also have im-
portant implications for prioritization strategies. High site depend-
ency could result in certain locations that generate that service being 
classified as irreplaceable. For example, Bohensky et al.43 identified 
irreplaceable land units for food and water provision to meet pre-
determined targets of caloric intake for a given population. When 
services have lower levels of site dependency in production there is 
greater flexibility in site selection during the prioritization process 
(all else being equal).

An example of spatial prioritization
The relationships among the various components of our conceptual 
framework for spatial prioritization of ES are presented in Figure 1. 
We illustrate our approach in this section using a worked example 
based on data published in Luck et al.15 focussing, for the sake of 
simplicity, on a single ES: water provision.

The global analysis of Luck et al.15 identified watersheds that are 
a priority for protecting particular ES. The first step in the analysis 
was to quantify the benefits and supply of the service. The benefits 
of protecting the supply of potable water was measured through hu-
man population density in each watershed; that is, there were greater 
benefits to protecting supply in watersheds with higher population 
density compared to those with lower density. Water supply was 
measured using a global hydrological model, and ‘water-production 
efficiency’ was calculated for each watershed by dividing supply in 
each watershed with watershed area.

The costs of actions to manage water provision were represented 
using a proxy for resource (e.g., land acquisition and infrastructure) 
and maintenance (e.g., labour) costs. This proxy incorporated data 
on total income in the watershed (per capita gross national income), 
population size and watershed area. Resource costs were assumed 
to scale positively with per-capita wealth and population density 
(assuming that land and infrastructure prices are generally higher 
where population density is higher), while maintenance costs were 
assumed to also scale positively with per-capita wealth. Finally, the 
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and change in vegetation cover can be considered a proxy for threat 
to water provision. To quantify this threat, the following data were 
used: the proportion of each watershed covered in tree, shrub and 
herbaceous vegetation; the annual rate of change in vegetation cover 
(over a proceeding 5-year period); the time span over which change 
in cover would be predicted (e.g., 20 years); and the proportion of 
the watershed that was protected (assuming vegetation in protected 
areas could not be cleared). Watersheds with mid-range values of 
vegetation cover, rates of vegetation loss and/or area protected were 
considered priorities for water provision management, because, for 
example, watersheds with low cover and high rates of loss would 
require large investments in ES management relative to return, 
whereas watersheds with high cover and low rates of loss are under 
less threat to the disruption of the service.

The final consideration in spatial prioritization is the availability 
of alternatives to the provision of the service via ecosystems. Im-
provements in the supply of potable water may be made through the 
construction of dams and building of filtration plants, for example, 
rather than ecosystem management. The availability of these alter-
natives is often a function of the capacity of local communities to 

cost-effectiveness of protecting the service in each watershed was 
calculated by dividing human population density and water supply 
(benefits) by the cost.

The capacity to meet demand was measured using values for water 
supply and water withdrawals in each watershed. It also considered 
regional water deficits (withdrawals > supply) and the proportion of 
total supply that remained once demands were met, adjusting the 
watershed-level capacity measure downwards proportional to the 
need to move water to regions (within a watershed) where supply 
did not meet demand. It was assumed that managing the service of 
water provision was most important in watersheds where supply 
barely meets or is short of demand, and less important when supply 
greatly exceeded demand.

To estimate threat to water provision, expected vegetation cover in 
each watershed was used, recognising the link between vegetation 
and water provision, filtration and the maintenance of water qual-
ity (although this link is decidedly complex; see Luck et al.15 for 
details). Vegetation cover and type in a watershed may be indicative 
of the capacity of the watershed to provide potable water naturally, 

Figure 1. Key aspects for consideration in ecosystem-service prioritization.
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ES management. The selection of different services will influence 
the approach to spatial prioritization because ES management will 
have different objectives (e.g., improving timber harvest or main-
taining water supply). However, the major steps we outline here 
will be relevant in most cases.

Application of our approach requires spatially explicit data on where 
services are produced, benefits, costs and threats. Data on spatially 
explicit production is usually obtained through mapping the loca-
tion of ecosystems that provide services (e.g., grasslands that sup-
port livestock). Mostly, this involves maps of vegetation types or 
water sources (Table 1). Benefits are represented spatially generally 
via the biophysical quantity of a given service produced by a given 
location (e.g., carbon stored) and/or its financial value. To represent 
costs spatially, researchers have used simply the area of the planning 
unit (e.g.,39, for some services) or current land values [e.g.,34]. Docu-
menting costs is problematic because of spatio-temporal variation 
in financial values, which is possibly why some researchers have 
resorted to more simple rules-of-thumb (e.g., assuming that manag-
ing larger areas yields greater costs). Also problematic is spatially 
explicit measures of threat, which have been represented by, for ex-
ample, maps of land-use or historical or potential land-cover change 
and how these relate, spatially, to the location of service provision 
[e.g.,30,47] (Table 1).

Finally, the type of data used in prioritization will greatly affect out-
comes. For example, Anderson et al.2 demonstrated that variation in 
the resolution (≈ grain size) and/or spatial extent of a prioritization 
analysis influenced the level of congruence between biodiversity 
and ES priorities. Moreover, data quality may be poor for certain 
services and certain components of prioritization. For example, 
crude proxies or indicators may be required for services for which 
it is difficult to obtain accurate, spatially explicit measures of sup-
ply and demand (e.g., flood mitigation; see Holland et al.48). Our 
framework, which promotes the use also of data on threats, costs, 
alternatives and site dependency, may help to alleviate this issue 
because prioritization could be based just on those components for 
which data quality is acceptable.

The most appropriate metric to represent the supply of the service 
will be context dependent, but the use of biophysical quantities will 
be suitable in most cases. For example, if the service is storm protec-
tion then a suitable metric may be the area of mangroves that needs 
to be maintained to deliver a given level of protection [e.g.,25]. ES 
supply should be assessed relative to the demand for the service, 
which can be measured using a target-based approach, through cur-
rent or projected use of the service or its products, through dem-
onstrated need for the service (e.g., historical impacts of storms) or 
through meeting an accepted minimum standard (e.g., acceptable 
losses due to storm damage). Quantifying demand for a service re-
quires the implicit or, preferably, explicit identification of beneficiar-
ies, which may be immediate beneficiaries (e.g., residents of coastal 
villages threatened by storms) and/or ‘non-immediate’ beneficiaries  
(e.g., consumers of goods produced by the villages).

The application of prioritization frameworks generally involves 
multiple services across many planning units and priorities for 
different services are not necessarily congruent2. This requires an 
analysis of trade-offs between services in managing land/sea-space 

pay for them, in addition to other constraints (e.g., topographic suit-
ability for dam construction). Therefore, Luck et al.15 used the gross 
national income per capita of countries spanning each watershed as 
an indicator of the capacity of communities reliant on the watershed 
to pay for alternatives to natural water provision.

The above components were combined into a single index repre-
senting the relative importance of each watershed for protecting 
water supply. This example, and our prioritization framework gen-
erally, is appropriate when planning units are large and there are a 
variety of available options for managing services, and it is difficult 
to express the components of prioritization precisely. Our frame-
work treats the supply of services, threats and costs in ES prioritiza-
tion inclusive of beneficiary demand, capacity to meet demand, and 
availability of alternatives to ES provision.

Discussion
Our review of current approaches to identifying spatial priorities for 
managing ES found that the important components of prioritization 
(benefits, costs, threats, availability of alternative, and capacity to 
meet demand) were treated in substantially different ways or some-
times omitted completely (although not all components are appli-
cable in every context). Moreover, few studies explicitly addressed 
the issue of site dependency and scale in the provision of services 
and/or location of beneficiaries. Accordingly, there is substan-
tial scope for improving ES analyses aimed at identifying spatial  
priorities for managing services.

If ES benefits were commodities in perfect markets, the price of such 
benefits would reflect all of the spatial prioritization components 
identified above. Yet, many ES benefits are not commodities, and for 
those that are, the associated markets are far from perfect, suffering 
from numerous market failures including monopsony (single buy-
ers, as in reverse auctions), oligopoly (few sellers, as in many pay-
ments-for-ES schemes), externalities and information asymmetries. 
This means that market prices will not generally reflect all of the 
components of prioritization appropriately. Stated-preference non-
market valuation approaches can be informative in certain settings 
where markets do not apply, but they are generally of limited utility  
reflecting the various dimensions of value/social priority44,45. Ac-
cordingly, even where economic valuation data are available, it will 
still be appropriate for ES prioritization exercises to separately inte-
grate some of the components we identify.

Although we have focussed on the mechanics of prioritization, the 
following issues must be addressed prior to such analyses: 1) iden-
tification of the ES to be included; 2) capacity to access spatially 
explicit data; and 3) data quality (Figure 1). Identifying important 
ES should occur through in-depth consultation among scientists, 
policy-makers, managers and stakeholders (especially service ben-
eficiaries; see Fisher et al.46). For example, if prioritization was 
required across a particular country, federal management agencies 
and relevant stakeholders may engage in a process of identifying 
those services most important to the well-being of the country.  
‘Importance’ may be a factor of the total financial value of a ser-
vice (e.g., agricultural production) and/or the societal need for a 
service (e.g., provision of potable water) and assessed through ap-
propriate valuation approaches. Hence, a priority list of which ser-
vices to focus on is required prior to deciding on where to invest in  
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China, Costa Rica and Mexico pay landholders that engage in man-
agement that protects the supply of hydrological services50–52. Vital 
to this process is identifying locations that offer the greatest return 
on investment. This requires a systematic and thorough approach to 
identifying spatial priorities for protecting ES.
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for service provision5. Moilanen et al.49 addressed this issue using 
a multi-objective prioritization approach for biodiversity and ES 
based on the conservation planning software Zonation. The au-
thors argued that regional variation in land-use priorities meant that 
spatial separation of land uses may reduce management conflicts. 
Moreover, areas that are a priority for multiple ES could be used in 
trade-offs assuming the areas were not critical priorities for every 
service.

In multi-objective prioritization frameworks that consider spatial 
separation of ES management or trade-offs in land-use priorities, 
it is vital to address site-dependency and scale of service provision 
and location of beneficiaries. As we argue above, there is little flex-
ibility in managing for the provision of services that are delivered 
locally to in situ beneficiaries (e.g., flood mitigation). Avoiding in-
appropriate management decisions and trade-offs rests entirely on 
taking a comprehensive approach to identifying priorities. Here we 
describe the major factors that must be considered in ES prioritiza-
tion and argue that addressing as many of these factors as possible 
will improve the outcomes of multi-objective prioritization frame-
works that aim to promote human well-being through the protection 
of services.

Developing comprehensive methods for identifying ES priorities 
is much more than just an academic exercise. Governments and 
NGOs across the world are increasingly including the protection 
of ES into their policy directives. For example, the governments of 
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