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The WWF Risk Filter Suite (WWF RFS) is a free, online suite of tools and resources used by private 

sector actors to assess, understand, and act on nature-related risks. The WWF Risk Filter Suite 

translates complex environmental data and nature-related risk concepts into actionable insights 

for business. Since 2023, WWF RFS has included two tools: the WWF Water Risk Filter (WWF WRF) 

and WWF Biodiversity Risk Filter (WWF BRF). These tools are used to screen and prioritize water 

and biodiversity-related risks across business operations, supply chains, and financial portfolios, 

with risks informed by more than 80 global scientific datasets. With the release of the WWF Place-

Based Impact Estimator (PIE), businesses can now move beyond risk assessment into action by 

identifying optimal locations where investment and action on nature achieve multiple 

environmental and social objectives. With three tools in one platform private sector actors can 

move seamlessly through the process of nature risk & opportunities assessment into action and 

investment, ultimately supporting both business continuity and a more sustainable future for 

nature and society. 

PIE consists of three modules. The Explore Module allows users to browse and understand the 

spatial data underlying the tool and dive into the technical background of the tool through its 

detailed documentation. The Optimize Module is where users can set up, run and interpret 

analyses. Each analysis will identify the optimal locations to achieve combined environmental & 

social objectives. Users can dig into the conclusions of each optimization, view them on a map, 

and download results. Finally, the Act Module provides resources to see where WWF is working 

and facilitates potential cooperation and partnership between businesses and active conservation 

work. 

This document provides the necessary information to understand the rationale and method 

behind PIE. If you are looking for a less technical description, you might want to begin with the PIE 

Interpretation Guidance and, for a step-by-step guide on how to use the tool, we also provide a 

PIE Tutorial Video to help you get started. Finally, for broader insights on the WWF RFS, make sure 

to check the RFS 101 Guidance1 and General FAQs2. 

The central objective of environmental and sustainability efforts is to improve the composition 

and resilience of the environment and the people that rely on it. With limited available resources, 

 
1 WWF (2026) ‘WWF Risk Filter Suite 101 Guidance Version 3.0’ https://doi.org/10.5281/zenodo.22278129 
2 WWF (2026) ‘WWF Risk Filter Suite Frequently Asked Questions (FAQs) Version 3.0’ 

https://doi.org/10.5281/zenodo.22278245 

https://panda.maps.arcgis.com/sharing/rest/content/items/30223ec7ca9b46cab0d1f081d9635bac/data
https://panda.maps.arcgis.com/sharing/rest/content/items/30223ec7ca9b46cab0d1f081d9635bac/data
https://panda.maps.arcgis.com/sharing/rest/content/items/e334f542a1d24576b755e89765ac0af0/data


 

 

 

 
7 

it is important to focus efforts in areas where joint environmental and social benefits are most 

likely to be achieved. Any process to identify target areas for action must consider both the 

current environmental status as well as the potential for the degraded environment to be 

improved. Such a process should attempt to identify targeted actions with multiple benefits that 

can minimize threats to nature and increase ecosystem resilience.  

How targeted areas are identified, and which environmental or social objectives are considered, 

varies considerably depending on the organization seeking to take action. Simply “improving 

nature” as an objective is not enough, organizations must define what about nature they would 

like to see improved to inform the types of actions they should take. For example, if an 

organization has an objective to prevent species extinctions, they will likely take actions that 

would neutralize the most severe threats to species. In contrast, an organization that wants to 

ensure access to a stable supply of water with reliable quality may take actions that minimize 

pollution, regardless of the relevance of pollution for species extinction. However, it is 

increasingly rare that organizations act alone or are interested in only one objective. Balancing 

both environmental and social objectives to achieve “just conservation” and increase buy-in from 

local communities is increasingly relevant. 

Even once objectives are defined, identifying where these objectives can best be achieved poses 

an additional challenge. Organizations are likely to operate across multiple countries and regions 

and will require a process that compares the potential to achieve objectives on a global scale. 

The explosion of globally available spatial data has allowed for the creation of datasets that do 

not only describe the current status of the environment but also predict possible future 

environmental conditions. These datasets first emerged as part of ecosystem service 

assessments using tools like InVEST3. Here it was possible not only to model the provision of 

ecosystem services, but also to model the maximum provision of those services. Datasets could 

estimate the carbon sequestered by existing land uses, but modelers could also generate 

datasets for carbon sequestration that replaced all non-natural land with natural land cover. This 

allowed for the calculation of the difference between what currently “is” and what “could be”. 

Unfortunately, although the availability of data has increased, organizations are often hampered 

by a lack of quantitative geospatial skills to make use of these datasets. This creates a gap 

between the best available science and real-world decision-making. 

The WWF Place-Based Impact Estimator (PIE) provides an accessible version of the world-leading 

geospatial decision-making Restoration Opportunities Optimization Tool (ROOT)4. ROOT is a tool 

to perform optimization and trade-off analysis. It uses information about potential impact of 

restoration or management change activities together with spatial prioritization maps to identify 

key areas for ecosystem service provision. Multi-objective analysis allows users to consider how 

 
3 Natural Capital Alliance (2026) ‘InVEST’ https://doi.org/10.60793/natcap-invest-3.20.0 
4 IUCN et al. (2022) ‘Restoration Opportunities Optimization Tool (ROOT)’ https://natcap.github.io/ROOT/ 
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to best manage trade-offs between different project goals. The simplification of ROOT within the 

context of PIE presents a significant opportunity to democratize the use of mapping and spatial 

analysis for those without training in ecosystem services modeling and geographic information 

science (GIS). PIE already incorporates several peer-reviewed global ecosystem service datasets 

so that businesses can easily and quickly identify those locations where investment in nature will 

be most effective to achieve multiple objectives. Businesses with more specialized goals can 

refine PIE by adjusting five different parameters to meet their needs (see Section 3). In this way 

PIE provides an accessible yet powerful tool that allows businesses to make effective and well-

informed decisions. 

 
PIE provides two different optimal area calculation methods for specific use cases: Opportunity 

Screening and Conversion Impact Avoidance. This section provides a technical description of 

both methods and the underlying datasets they rely on. For a more practical understanding of 

how PIE can be used in the WWF RFS, see the Tutorial. 

 

The first available optimization type in PIE is Opportunity Screening. This method identifies the 

best locations where multiple objectives can be delivered in parallel. Any one individual objective 

is likely to have a different best location, and in some locations, objectives may directly impede 

one another. For example, the location that best achieves carbon sequestration is not 

necessarily the same location with the highest potential for increasing species diversity. 

Maximizing carbon sequestration at a location may actually harm biodiversity. In this sense, 

there are trade-offs between achieving different objectives and these should be balanced when 

deciding where to act. 

Trade-offs may be particularly acute between environmental objectives and agricultural land 

use. Conservation and ecological restoration actions are a land use choice that often prevents an 

area from being used to produce food and livelihoods. Conservation intervention is most likely 

to succeed when it is not in conflict with the interests of the communities that also inhabit the 

land. By running Opportunity Screening in PIE, a business can balance multiple objectives 

considering both an environmental and social dimension. This is achieved using the following 

data: 

 

A key consideration in any optimization to support conservation and restoration actions is an 

assessment of their opportunity costs – the financial gains or losses that result from a certain 

land use choice. For example, deciding that an area requires ecological restoration of forest 

ecosystems generally precludes row-crop agriculture at the location. These decisions have 

financial implications that can be captured as "opportunity costs". This global layer maps the 

agricultural opportunity cost of conservation actions, which can be used to provide high-level 

https://panda.maps.arcgis.com/sharing/rest/content/items/e334f542a1d24576b755e89765ac0af0/data
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estimates for where conservation actions would have the most and least impact on financial 

returns from agricultural land use5.   

 

These data demonstrate the carbon accumulation potential of a location from natural forest 

regrowth. While restricted only to forest regrowth and not including the restoration or 

regeneration of other ecosystems, it provides an estimate of the potential carbon sequestration 

gains in a specific place. These data show the rate at which forests could capture carbon from 

the atmosphere and store it in aboveground live biomass over the first 30 years of natural forest 

regrowth6. It was created by combining ground-based measurements at thousands of locations 

around the world with 66 co-located environmental covariate layers in a machine learning model 

to produce a global map. Forest plot data used to train the model are sourced from published 

literature, which can be found in the Forest Carbon database7, as well as georeferenced data 

from publicly available national forest inventories. Rates were estimated over all forest and 

savanna biomes globally, regardless of current land cover or potential for reforestation.   

 

Mean Species Abundance (MSA) is an indicator of local biodiversity intactness which ranges from 

0 to 1, where 1 means that the species assemblage is fully intact, and 0 means that all original 

species are extirpated (locally extinct)8. MSA is calculated based on the abundance of individual 

species under influence of a given pressure, compared to their abundance in an undisturbed 

situation (natural situation/reference). Only species present in the undisturbed situation are 

included and increases in individual species abundance from the reference to the impacted 

situation are ignored. This is done to avoid the indicator being inflated by opportunistic or 

generalist species that benefit from habitat disturbance9.  

Within the Opportunity Screening pathway, PIE uses inverse MSA as the potential for species 

recovery. Where an MSA value of 0.6 would indicate that a 40% improvement in the species 

assemblage is theoretically possible. PIE uses this inverse value to identify areas that would 

benefit from interventions that improve species assemblages. 

 

The second pathway for impact estimation in PIE assesses opportunities for conversion impact 

avoidance. This pathway was developed to support the identification of places within 

 
5 Naidoo, R. et al. (2007) ‘Global-Scale Mapping of Economic Benefits from Agricultural Lands: Implications for 

Conservation Priorities’ https://doi.org/10.1016/j.biocon.2007.07.025 
6 Cook-Patton, S.C. et al. (2020) ‘Mapping Carbon Accumulation Potential from Global Natural Forest Regrowth’ 

https://doi.org/10.1038/s41586-020-2686-x 
7 Anderson-Teixeira, K.J. (2024) ‘Global Forest Carbon Database (ForC)’ https://github.com/forc-db 
8 Alkemade, R. et al. (2009) ‘GLOBIO3: A Framework to Investigate Options for Reducing Global Terrestrial Biodiversity 

Loss’ https://doi.org/10.1007/s10021-009-9229-5 
9 Alkemade, R. et al. (2009) ‘GLOBIO3: A Framework to Investigate Options for Reducing Global Terrestrial Biodiversity 

Loss’ https://doi.org/10.1007/s10021-009-9229-5 
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commodity-specific sourcing jurisdictions that require additional due diligence from companies 

to achieve conversion-free commodity production.  

To align with global goals for nature, companies should eliminate conversion from commodity 

production in their operations and value chains. To achieve this, companies require guidance on 

the priority landscapes where elimination of conversion should be specifically prioritized to 

prevent impacts on species and on the ecosystem services that support people. An approach 

that considers only species does not adequately capture the essential role that natural land plays 

in supporting local communities. The Conversion Impact Avoidance pathway combines data on 

species, nature’s contributions to people, and conversion risk to identify these priority areas. The 

three datasets are described below: 

 

In the Impact Avoidance pathway, MSA is deployed as the potential loss of species due 

agricultural conversion, where an MSA value of 0.6 would indicate that conversion has the 

potential to negatively affect 60% of the remaining natural species assemblage in a location. 

Higher values indicate more species diversity and more potential biodiversity loss from 

conversion. 

 

Within the Conversion Impact Avoidance pathway, PIE utilizes the global assessment of 

conversion non-forest ecosystems, including grasslands and open wetlands, to optimize areas 

within commodity driven landscapes that require additional due diligence to meet no conversion 

commitments10. While significant progress exists on the tracking and monitoring of forest 

conversion, the conversion of non-forest ecosystems for agricultural production, though 

extensive, is under-represented in assessments of commodity-driven conversion.  

PIE utilizes global data on pasture and cropland expansion into non-forest ecosystems between 

2005 and 2020 outlined in Kan et al. 2026. These data provide a comprehensive assessment of 

agriculture-driven conversion of natural non-forest ecosystems that can be used to direct 

optimization to areas that have a demonstrated risk of conversion due to commodity expansion.  

 

While conversion has clear impacts on biodiversity it also has substantial impacts on the ability 

of nature to provide contributions to local people. Degraded and converted land significantly 

alters ecosystem services such as water quality, pollination and flood regulation. Conversion of 

natural land to agriculture has impacts on these contributions. Critical natural assets for 

maintaining local-scale NCP account for 30% of total global land area. At least 87% of the world’s 

population live in the areas benefiting from critical natural assets for local-scale NCP, while only 

16% live on the lands containing these assets. Moreover, the areas the provide these natural 

 
10 Kan, S. et al. (2026) ‘Overlooked and Overexploited: Extensive Conversion of Grasslands and Wetlands Driven by Global 

Food, Feed, and Bioenergy Demand’ https://doi.org/10.1073/pnas.2521183123 
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assets are not always the areas with the highest mean species abundance or biodiversity, though 

the protection of areas of high NCP value could lead to significant gains in species 

conservation11.  

Local NCPs are included in PIE within the Impact Avoidance pathway to help ensure that the 

avoidance of conversion of natural land to agriculture is informed by the importance of an area 

in delivering important contributions to local people12. 

 

 

PIE includes several parameters and constraints that should be selected by a user to generate 

optimization cases (detailed description of the optimization algorithm can be found below). 

Adjusting inputs to match a user’s exact needs will help provide the best possible outcome. 

There are four user-defined criteria that can be set within PIE: (i) Priority Places, (ii) Scale, (iii) 

Actions, and (iv) Initiatives. Only the first two of these are required to execute the most basic 

assessment in PIE.  

 

Priority places define the specific geographic focus for a user. Users can select from a global list 

of countries and first-level administrative divisions within a country (e.g., states, provinces). 

Narrowing down the set of areas to be analyzed is necessary to provide results that are relevant 

for the user and for considerably reducing processing time. Be aware that an optimization may 

fail to produce results if the Area of Interest selected is too large. 

For example, a company that knows that it sources a commodity from a specific country or state 

within a country can select the Priority Place to focus on this sourcing jurisdiction. However, this 

geographic area does not necessarily need to apply to companies and commodity sourcing: PIE 

is applicable to anyone who has an interest in a place and wants to understand where to screen 

for opportunities.  

Across the whole WWF RFS, the list and respective geographical boundaries of countries and 

disputed territories, as well as first-level administrative divisions, are based on the World Bank 

Official Boundaries13. The boundaries and names shown and the designations used do not imply 

official endorsement or acceptance by WWF. 

 
11 Neugarten, R.A. et al. (2024) ‘Mapping the Planet’s Critical Areas for Biodiversity and Nature’s Contributions to People’ 
12 ‘Mapping the Planet’s Critical Natural Assets | Nature Ecology & Evolution’ https://www.nature.com/articles/s41559-

022-01934-5 
13 World Bank Group (2025) ‘World Bank Official Boundaries’ https://datacatalog.worldbank.org/search/dataset/0038272 
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PIE requires users to select a scale of optimization. This selection defines the resolution of 

optimization results within the selected Priority Place. The user can choose to subdivide their 

Priority Place into 4 possible scales: hexagons, pixels, basins (HydroBASIN Level 7), or 

microwatersheds (HydroBASIN Level 10)14. 

PIE does not provide direct optimization of administrative divisions. The simple reason for this is 

that administrative divisions lack spatial consistency: countries come in wildly different sizes, as 

do provinces, states, and districts. PIE requires some spatial consistency in the units upon which 

it will optimize. Hexagons or pixels are the most uniform and consistent for assessment, but lack 

the real-world applicability of basins and watersheds, which tend to be both generally uniform in 

size and in ecology.  

For large geographic areas, basins are the largest scale that a user can select and will provide 

quicker results. Microwatersheds are a smaller geographic unit that can be used for more 

refined spatial assessments where results at the basin scale may be too large. Pixel or hexagon 

is the smallest available scale, where each pixel or hexagon represents ~10,000 hectares. This 

generally aligns with our interpretation of minimum scale under Core Criteria for Mature 

Landscape Initiatives as defined by ISEAL.  

 

Selecting from available actions allows a user to focus their assessment in the most relevant 

areas within selected Priority Place. The six Action layers currently provided in PIE are global 

datasets that estimate where an action in a landscape is possible (see Table 1). Each layer is 

further described in more detail below: 

Table 11: Available Action layers in PIE 

Actions available for selection 

Cotton Production Areas 

Global Reforestation Potential 

High Value Freshwater Ecosystems 

Land Use Change 

SBTN Natural Land Map – Natural Land 

SBTN Natural Land Map – Non-natural Land 

No Action 

 

 
14 Lehner, B. et al. (2013) ‘Global River Hydrography and Network Routing: Baseline Data and New Approaches to Study 

the World’s Large River Systems’ https://doi.org/10.1002/hyp.9740 
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For those users with a focus on cotton supply chains, the Cotton Production Areas data from 

MapSPAM15 can be used to focus optimizations only on those areas where cotton is being 

produced. This is particularly relevant for the Conversion Avoidance Impact pathway. 

This data identifies global areas where there may be an opportunity for forest restoration 

activities. This Action layer should focus optimization on areas where forests used to grow and 

where reforestation may be an effective restoration or Natural Climate Solution16. Despite 

focusing on forests, the global data also cover areas where there is also landscape restoration 

potential.  

For users specifically interested in taking actions related to freshwater, the High Value 

Freshwater Ecosystems Action layer will focus optimization on areas that contain particularly 

valuable freshwater ecosystems17. 

This Action layer identifies natural areas defined in the Science-based Targets Network's Natural 

Lands Map. This layer uses globally and regionally available data to describe natural land in 

2020. In the context of PIE, these natural areas may be relevant as an activity mask for 

organizations looking to optimize impacts in areas that are already designated as "natural". In 

these areas, actions that seek to protect existing nature and biodiversity will be most relevant. 

Further details on the generation of this map can be found in its technical documentation: 

https://sciencebasedtargetsnetwork.org/wp-content/uploads/2023/05/Technical-Guidance-2023-

Step3-Land-v0.3-Natural-Lands-Map.pdf  

SBTN non-natural areas are the inverse of the SBTN Natural Land Action layer. In the context of 

PIE, these non-natural areas may be relevant as an activity mask for organizations looking to 

optimize impacts in areas that are already designated as non-natural. In these areas, actions that 

seek to restore nature and biodiversity will be most relevant. 

Further details on the generation of this map can be found in its technical documentation: 

https://sciencebasedtargetsnetwork.org/wp-content/uploads/2023/05/Technical-Guidance-2023-

Step3-Land-v0.3-Natural-Lands-Map.pdf 

 

 
15 International Food Policy Research Institute (IFPRI) (2026) ‘Global Spatially-Disaggregated Crop Production Statistics 

Data for 2020 Version 2.0 Release 2’ https://doi.org/10.7910/DVN/SWPENT 
16 Griscom, B.W. et al. (2017) ‘Natural Climate Solutions’ 
17 Hashemi, M.G.Z. et al. (2026) ‘Mapping Global Freshwater Ecosystems to Guide National Restoration Targets and 

Nature-Based Solutions’ https://doi.org/10.1038/s44221-025-00573-x 

https://sciencebasedtargetsnetwork.org/wp-content/uploads/2023/05/Technical-Guidance-2023-Step3-Land-v0.3-Natural-Lands-Map.pdf
https://sciencebasedtargetsnetwork.org/wp-content/uploads/2023/05/Technical-Guidance-2023-Step3-Land-v0.3-Natural-Lands-Map.pdf
https://sciencebasedtargetsnetwork.org/wp-content/uploads/2023/05/Technical-Guidance-2023-Step3-Land-v0.3-Natural-Lands-Map.pdf
https://sciencebasedtargetsnetwork.org/wp-content/uploads/2023/05/Technical-Guidance-2023-Step3-Land-v0.3-Natural-Lands-Map.pdf
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This dataset is based on the number of times that land use change has been detected between 

1961 and 2019, globally18. The range of values in the initial dataset is 0-59 land use changes 

within this time period, but the data used in PIE collapses these frequencies to a binary map of 

converted or not converted. This Action layer indicates areas where land use change has 

occurred at any point between 1961 and 2019. This may represent the conservation of 

wilderness areas or the maintenance of converted or urban areas. Similar to SBTN Non-natural 

Land, this Action layer can be used to focus optimization in areas where conservation, 

restoration, management or protection actions may be most relevant. This layer is also not 

exclusive to forests like other Action layers and includes urban, cropland, pasture/rangeland, 

forest, unmanaged grass/shrubland, and sparse/no vegetation, making it applicable across 

ecosystem types. 

 

 

PIE will use all datasets described in Section 2 to find optimal locations for action. In many cases, 

users may want to refine the optimization further to consider additional factors. Initiatives allow 

a user to incorporate other objectives that might not be entirely captured by the datasets that 

define the opportunity screening or impact avoidance pathways. All initiatives currently available 

are listed below (Table 2). Note that several of these datasets are taken directly from the WWF 

Water Risk Filter and WWF Biodiversity Risk Filter and are explained in more detail in the 

corresponding tool documents. The datasets not sources from WWF WRF or WWF BRF are 

described in more detail below: 

Table 2 2: Initiative layers available in PIE 

Initiatives available for selection in WWF PIE 

Biodiversity (WWF BRF) Water (WWF WRF) Others 

Biodiversity Physical Risk Water Physical Risk SBTN Soil Organic Carbon 

Soil Condition Water Availability SBTN Soil Erosion 

Ecosystem Condition (Degraded) Drought SBTN Acidification 

Pollination Flooding Ecoregional Mean Contextual Intactness 

Regulating Services – Mitigating Water Quality  

Land, Freshwater and Sea Use Change Freshwater Habitat Degradation  

Forest Canopy Loss Wetlands of International Importance  

Pollution Water Conflicts  

Protected/Conserved Areas   

Key Biodiversity Areas   

Ecosystem Condition (Intact)   

Range Rarity   

Socioeconomic Factors   

 

 
18 Winkler, K. et al. (2021) ‘Global Land Use Changes Are Four Times Greater than Previously Estimated’ 

https://doi.org/10.1038/s41467-021-22702-2 
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In support of Science Based Targets for Land, SBTN published a global layer indicating ecoregion-

specific thresholds for soil organic carbon. The science behind these thresholds is included in the 

SBTN Land Guidance, but they represent different exceedance values for soil organic carbon 

thresholds in 2020. This layer represents the magnitude of land degradation through loss in soil 

organic carbon relative to the healthy soil organic carbon density in tons per hectare. Full details 

on these datasets and their additional uses can be found at 

https://sciencebasedtargetsnetwork.org/. 

 In support of Science Based Targets for Land, SBTN published a global layer indicating 

ecoregion-specific thresholds for soil erosion. The science behind these thresholds is included in 

the SBTN Land Guidance, but they represent different exceedance values for soil erosion by 

water thresholds in 2020. This layer represents the magnitude of land degradation through loss 

in soil through water erosion relative to the healthy erosion rates. Full details on these datasets 

and their additional uses can be found at https://sciencebasedtargetsnetwork.org/. 

 In support of Science Based Targets for Land, SBTN published a global layer indicating 

ecoregion-specific thresholds for terrestrial acidification. The science behind these thresholds is 

included in the SBTN Land Guidance, but they represent different exceedance values for 

acidification thresholds in kg SO₂-eq in 2020. This layer represents the magnitude of land 

degradation through terrestrial acidification. Full details on these datasets and their additional 

uses can be found at https://sciencebasedtargetsnetwork.org/. 

This Initiative considers overall condition of an ecoregion based on "contextual intactness" 

compared to the condition of ecologically similar locations. Areas with higher mean values are 

biologically more intact than areas with lower values. Within an optimization selecting this layer 

will bias the optimization towards areas where high intactness can be built upon or maintained 

with conservation, restoration, or improved management actions. Generated at 1km resolution 

in Mokany et al. 2020, these values have been aggregated and averaged for each ecoregion. 

 

A key feature of PIE is its ability to ingest results from the WWF Water Risk Filter or WWF 

Biodiversity Risk Filter. Companies that have completed risk assessments can import their results 

into PIE and generate maps that demonstrate the most optimal places to begin working on their 

water or biodiversity risks. Imports from WWF WRF or WWF BRF will focus on basin scale 

(HydroBASIN level 7) to match the assessment units within the two tools. The Priority Places will 

be those basins where assets in a user portfolio have High or Very High risk for a given risk type 

(e.g. Biodiversity Physical Risk). For more details on how to transfer sites between WWF WRF, 

WWF BRF and PIE see the Tutorial. 

https://sciencebasedtargetsnetwork.org/resources/
https://sciencebasedtargetsnetwork.org/resources/
https://sciencebasedtargetsnetwork.org/
https://sciencebasedtargetsnetwork.org/resources/
https://sciencebasedtargetsnetwork.org/
https://sciencebasedtargetsnetwork.org/resources/
https://sciencebasedtargetsnetwork.org/
https://panda.maps.arcgis.com/sharing/rest/content/items/e334f542a1d24576b755e89765ac0af0/data
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In addition to the user adjusted input parameters (Section 3), PIE passes a set of fixed 

parameters to ROOT that influence the result. The full overview of modeling parameters is found 

in Appendix 1 Technical Methods.  

Within PIE several parameters are pre-selected to streamline the assessment process and 

remove it from the exclusive realm of GIS experts. These include the pre-selection of: 

• Impact potential rasters in both the opportunity screening and impact avoidance 

pathway 

• Minimization or maximization of optimized values 

• Area constraint 

• Number of model iterations 

• Type of statistical weighting for initiatives 

• Number of initiatives that can be included in the optimization 

Additionally, PIE constrains Priority Place selection to countries or sub-national jurisdictions, 

except in the specific case of transfer from WWF WRF/BRF (Section3.1.5). PIE also provides a 

constrained pre-populated list of potential optimization scales, action layers, and initiatives that 

are common or useful for optimization assessments. To increase simplicity, it is not possible for 

users to add alternative options to these lists. 

 
PIE, like all models, uses abstractions of reality to provide guidance to users on knowledge that 

may be helpful or useful. Results of models are not truth and should be relied upon to support 

decision-making, but never to substitute for it.  

Given the use of global data, it is not possible, or advisable, to use PIE to entirely determine 

where to act on risks and opportunities. This is not because the results are not useful, but rather 

because they contain only a limited amount of information about a place. PIE can tell where the 

optimized potential to sequester carbon, improve biodiversity, and avoid agricultural 

opportunity might be, but it cannot hope to include or replace extensive local knowledge and 

conditions. 

Optimization may not always return a single best location. In some cases, optimizations may 

identify several possible locations that have different conditions and trade-offs. Optimizations in 

small or homogenous landscapes may be unable to distinguish between different locations that 

have identical or very similar conditions. In these cases, potential locations should be compared 

and critiqued using available local knowledge. 
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Parameter Value Notes 

Number of model iterations 50  

Data resolution All underlying raster data are 

reclassified to 10km2 pixels 

 

Mathematical combination function Integrated linear optimization 

function. Initiative factors combined 

using weighted sum.  

 

Minimization or maximization of 

objective function 

OPPORTUNITY SCREENING 

Carbon  = maximize 

Species = maximize 

Opportunity cost = minimize 

 

IMPACT AVOIDANCE 

Conversion = maximize 

Species = maximize 

Ecosystem services  = maximize 

 

 

Optimization constraint area 250,000 hectares  

 

The optimization function used in PIE is a constrained version of the Restoration Opportunities 

Optimization Tool (ROOT)19. The full details of the optimization calculation and ROOT methods 

can be found here: https://natcap.github.io/ROOT/index.html  

ROOT, as a spatial analysis tool within the Natural Capital Alliance’s InVEST suite of ecosystem 

service tools, can provide a more expanded set of options for assessment and optimization. The 

text below reproduces some of the relevant documentation of ROOT that describes the 

optimization calculation that also runs in PIE.   

ROOT UI uses a linear programming approach, which is a particular way of formulating 

optimization problems where the variables are continuous, and the objectives and constraints 

are made up of linear functions. 

In each optimization, ROOT will specify what fraction of each scale’s potential area for each 

activity should be selected. Unless specified otherwise, these choices are assumed to be 

exclusive of each other within a scale. The decision variables for the optimization are the fraction 

of available area for activity a to allocate in spatial decision unit s. 

ROOT uses a weighted-sum formulation to combine different factors into a single objective 

function. For each optimization, weights are randomly assigned to each sub-objective. The values 

for the sub-objectives come from the tables generated by the preprocessing step, and depend 

on the scale and activity. Any named factor taken from the input rasters, shapefiles, or 

 
19 Gourevitch, J.D. et al. (2016) ‘Optimizing Investments in National-Scale Forest Landscape Restoration in Uganda to 

Maximize Multiple Benefits’ https://doi.org/10.1088/1748-9326/11/11/114027 

https://natcap.github.io/ROOT/index.html
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constructed through the combined factor table can be used as a sub-objective. The objective 

function for that optimization is: 

 

subject to whatever constraints are specified for the analysis, where Visa represents the value to 

sub-objective i of selecting 100% of potential area for activity a in each scale unit. By varying the 

weights, ROOT can find solutions across the production possibility frontier. 

Defining the objective function in ROOT involves identifying which of the factors from 

preprocessing should be maximized or minimized. In the random weight mode, the user simply 

specifies the factors and whether each should be maximized or minimized. Within PIE these are 

already determined and are not selectable.  ROOT then generates a number of solutions using 

random weights for each sub-objective in each analysis. 

Most planning problems have constraints of one type or another that can be included in the 

ROOT analysis. Some basic examples are a fixed budget, target areas for a land-based activity, or 

minimum values of an objective. These constraints have the mathematical form 

 

which compares the total value across the activity allocation of a particular factor against a target 

value. Within PIE, this constraint is area-based (hectares). More complicated constraints that 

combine multiple factors are possible in ROOT(see the interface guide for how to use 

expressions to define multi-factor constraints) but not included in PIE. 

Data for all PIE assessments come in various native resolutions. In order for PIE to effectively 

process and optimize, all raster data (impact potential and actions) must be the same projection 

and resolution. To satisfy this data requirement, which is the same in ROOT, all input raster data 

were projected into WGS 1984 Web Mercator (Auxiliary Sphere) and then resampled to 10,000m 

x 10,000m pixels. For more specific analyses, advanced users are welcome to utilize the publicly 

available datasets and project and resample them at their desired scale within ROOT.  
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 Abstract: Deforestation impacts the ecosystem services provided by downstream coral reefs to 

coastal communities in multiple ways, such as through increased sedimentation and 

nutrification. However, connections between terrestrial and marine ecosystems are generally 

assessed at a single scale and from an ecological perspective alone, limiting our understanding 

of how watershed management affects the benefits accrued by coastal communities at different 

scales. Here we explore how ecological and societal benefits of watershed interventions 

(restoration, protection and sustainable agriculture) differ when considered regionally versus 

nationally in the Mesoamerican Reef region, by using linked land–sea ecosystem service models. 

Results from a regional approach prioritize implementing interventions in larger multinational 

watersheds, leading to neighbouring nations benefiting from increased sediment retention and 

healthy corals. For the national prioritization approach, selecting for smaller watersheds within 

individual countries resulted in more societal benefits, particularly increased coastal protection 

and nature-based tourism, at the cost of improved coral health for neighbouring nations. We 

demonstrate how planning at multiple scales across the region can improve ecosystem and 

societal benefits, resulting in win–win outcomes. 

 

https://doi.org/10.1038/s41893-024-01325-7
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FIGURE 1 a, The full opportunity areas for the 

watershed interventions. b, 

Terrestrial ecosystem service models quantify sediment retention for coastal watersheds and 

coastal forest-based tourism up to 50 km inland. c, A water quality model diffuses the change in 

sediment loads from the sediment model into the marine environment (TSS). d, A coral health 

model generates maps of change in coral percent cover as a function of change in TSS and other 

marine conditions. e, Marine ecosystem service models quantify coral-reef-based fisheries 

production, coastal protection and coral-based marine tourism. f, A spatial analysis identifies 

which watersheds exert the greatest influence on marine benefits at the regional and national 

scale. g, The Restoration Opportunities Optimization Tool (ROOT) prioritizes the target areas of 

each watershed intervention while maximizing ecosystem services for designated beneficiaries 

(that is, coastal communities; Extended Data Table 1). Credit: coral images in d, University of 

Maryland Center for Environmental Science Integration and Application Network under a 

Creative Commons licence CC BY-SA 4.0. 

 

  

https://www.nature.com/articles/s41893-024-01325-7#Tab1
https://creativecommons.org/licenses/by-sa/4.0/
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Abstract: The magnitude and pace of global climate change demand ambitious and effective 

implementation of nationally determined contributions (NDCs). Nature-based solutions present 

an efficient approach to achieving mitigation, adaptation and resilience goals. Yet few nations 

have quantified the diverse benefits of nature-based solutions to evaluate and select ecosystem 

targets for their NDCs. Here we report on Belize’s pursuit of innovative, evidence-based target 

setting by accounting for multiple benefits of blue carbon strategies. Through quantification of 

carbon storage and sequestration and optimization of co-benefits, we explore time-bound 

targets and prioritize locations for mangrove protection and restoration. We find increases in 

carbon benefits with larger mangrove investments, while fisheries, tourism and coastal risk-

reduction co-benefits grow initially and then plateau. We identify locations, currently lacking 

protected status, where prioritizing blue carbon strategies would provide the greatest delivery of 

co-benefits to communities. These findings informed Belize’s updated NDCs to include an 

additional 12,000 ha of mangrove protection and 4,000 ha of mangrove restoration, respectively, 

by 2030. Our study serves as an example for the more than 150 other countries that have the 

opportunity to enhance greenhouse gas sequestration and climate adaptation by incorporating 

blue carbon strategies that provide multiple societal benefits into their NDCs. 

https://doi.org/10.1038/s41559-023-02081-1
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Figure 2: a–f, Priority locations for investing in 5,000 ha (a), 10,000 ha (b) and 25,000 ha (c) of 

mangrove protection (top row) and 1,000 ha (d), 5,000 ha (e) and 10,000 ha (f) of mangrove 

restoration (bottom row). Priority is based on the number of times a hexagon is selected out of 

1,000 model runs in the optimization analysis. Mangrove legislation priorities are the most 

critical areas for mangrove protection in Belize as designated in recent national mangrove 

regulation that was based on extensive stakeholder consultation. Communities are the main 

cities, towns and settlements in Belize where people rely on benefits of mangroves and other 

coastal ecosystems for their sustenance, livelihoods and coastal climate mitigation and 

protection. 

 



 

 

 

 
25 

 Abstract: Ecosystem restoration is a fundamental way of delivering nature-based solutions to 

improve resilience in a changing climate and sustain biodiversity. Spatial analyses to identify 

where ecosystem restoration would yield targeted environmental benefits are critical to inform, 

and coordinate restoration initiatives at multiple scales to achieve national commitments and 

global goals. Here, we provide an optimization analysis for restoration potential of converted 

terrestrial ecosystems in Canada by integrating carbon storage and biodiversity benefits as key 

considerations. Our results show that converted landscapes are prevalent in southern anthropic 

regions of Canada, with the greatest potential for biodiversity benefits through forest and 

grassland restoration. At national scales, carbon density (tonnes C/km2) and total carbon storage 

(tonnes C) potential were greatest for wetland and forest restoration, respectively. When 

biodiversity and carbon were both included in an optimization framework, consistent priorities 

across all three restoration targets (50,000; 100,000; and 150,000 km2) comprised forest 

restoration in the St. Lawrence and Lake Erie Lowlands, with the Lake Manitoba Plains, Interlake 

Plains, and Manitoulin-Lake Simcoe ecoregions also frequently identified. Our analysis will help 

decision-makers identify where restoration of converted lands may support considerable gains 

in simultaneously achieving climate and biodiversity goals in Canada. 

https://doi.org/10.1111/csp2.12924
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Figure 5 Spatial prioritization of converted lands in Canada that would benefit from ecological 

restoration, using (a) a simple overlay of carbon and biodiversity benefits, classified by tertiles, 

and a linear optimization approach (using Restoration Opportunities Optimization Tool [ROOT]) 

that approximates the optimal solution for maximizing both the carbon and biodiversity benefits 

of restoration using a (b) 50,000 km2; (c) 100,000 km2; and (d) 150,000 km2 restoration target. 

Color gradients depict (a) average biodiversity (STARR/km2) and carbon density (tonnes C/km2) 

benefits for converted lands, and (b–d) the frequency in which a pixel was selected to achieve an 

optimal solution. 
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Abstract: The Restoration Opportunities Optimization Tool (ROOT) was developed out of a need 

to more efficiently and effectively communicate the importance of ecosystem services to 

decision makers. IUCN’s collective experience working to increase ecological productivity and 

improve human well-being through forest landscape restoration (FLR) demonstrated that 

although stakeholders were interested in generating ecosystem services from proposed 

restoration activities, the many services and their interactions with each other were often too 

complicated to communicate clearly. Furthermore, as a social process, decision makers working 

towards restoration were interested in more than just the biophysical gains from restoration for 

different services; they wanted evidence for how restoration might benefit agricultural 

production, access to jobs or different sources of income, and how investments in restoration 

might help underserved or marginalized groups. The case studies in this report were chosen 

based on ongoing FLR assessments as well as the existence of ecosystem services data, and are 

intended to demonstrate the applicability of ROOT to both technical and non-technical 

audiences. 

 

 

The first image (left) shows the areas most often selected by ROOT as optimal for restoration to 

support increases in all three ecosystem services within watersheds important for irrigation and 

hydropower generation in Malawi. The next image demonstrates the distribution of optimal 

areas for restoration to support increases in ecosystems services, weighed towards areas with 

high average poverty levels which may disproportionately benefit the poor. The next image 

shows the areas where restoration would optimally benefit ecosystem services, weighed towards 

areas where there are proportionally more women. The final image (right) shows a composite 

optimization based on all three ecosystem services (sediment retention, evapotransiration 

potential, and carbon sequestration and all three beneficiaries (hydropower generation, people 

in poverty, areas with proportionally more women). 

 

https://doi.org/10.2305/IUCN.CH.2018.17.en
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 Abstract: 

Intensified human activities have disrupted landscape patterns, causing a reduction in the supply 

of ecosystem services (ESs) and an increase in demand, especially in urban agglomerations. This 

supply-demand imbalance will eventually lead to unsustainable landscapes and needs to be 

optimized. 

Objective: Based on ES supply-demand mismatch and trade-off relationships across urban–rural 

landscapes, this study explored which ESs need to be optimized and identified priority 

restoration regions of ESs that require optimization to promote landscape sustainability in 

Beijing-Tianjin-Hebei urban agglomeration. 

Methods: A methodological framework for ES supply-demand optimization in urban–rural 

landscapes was developed. urban–rural landscapes were identified using Iso cluster 

classification tool. ES supply was quantified using biophysical models and empirical formulas, 

and demand was quantified through consumption and expectations. Restoration Opportunities 

Optimization Tool was then adopted to identify priority regions. 

Results: From 2000 to 2020, most of ES supply were lowest in urban areas and highest in rural 

areas, while demand exhibited the opposite. Although supply was increasing, it did not match 

demand. ES deficits were dominant in urban areas; both deficits and trade-offs were dominant in 

urban–rural fringe; and trade-offs were dominant in rural areas. There were 13,175 km2 of 

priority regions distributed in urban–rural landscapes, and their spatial heterogeneity was 

influenced by ES deficits and trade-offs. 

Conclusion: Differences in ESs supply-demand relationships affected the necessity of optimizing 

ESs zoning in urban–rural landscapes. Assigning weights reasonably according to trade-off 

curves to determine priority regions could facilitate both efficient use of resources and 

sustainable ES management for urban–rural regions. 

Figure 9 Trade-off curves of ESs in (a) urban–rural fringe and b rural areas. Point A means 

maximizing the weight of air purification; point B means giving equal importance to air 

purification and water yield; point C means maximizing the weight of the water yield. The x and y 

https://doi.org/10.1007/s10980-024-01849-5
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axis are the contribution values of two ESs. The three land use maps in the figure correspond to 

points A, B, and C from left to right. 

 Abstract: Forest loss and degradation globally has resulted in declines in multiple ecosystem 

services and reduced habitat for biodiversity. Forest landscape restoration offers an opportunity 

to mitigate these losses, conserve biodiversity, and improve human well-being. As part of the 

Bonn Challenge, a global effort to restore 350 million hectares of deforested and degraded land 

by 2030, over 30 countries have recently made commitments to national forest landscape 

restoration. In order to achieve these goals, decision-makers require information on the 

potential benefits and costs of forest landscape restoration to efficiently target investments. In 

response to this need, we developed an approach using a suite of ecosystem service mapping 

tools and a multi-objective spatial optimization technique that enables decision-makers to 

estimate the potential benefits and opportunity costs of restoration, visualize tradeoffs 

associated with meeting multiple objectives, and prioritize where restoration could deliver the 

greatest benefits. We demonstrate the potential of this approach in Uganda, one of the nations 

committed to the Bonn Challenge. Using maps of the potential benefits and costs of restoration 

and efficiency frontiers for optimal restoration scenarios, we were able to communicate how 

ecosystem services benefits vary spatially across the country and how different weights on 

ecosystem services objectives can affect the allocation of restoration across Uganda. This work 

provides a generalizable approach to improve investments in forest landscape restoration and 

illuminates the tradeoffs associated with alternative restoration strategies. 
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Figure 2. Efficiency frontier with optimal restoration allocation maps to increase carbon storage 

and improve water quality. By varying the relative weights assigned to each objective, each point 

on the frontier represents an optimal restoration allocation scenario. Both axes' units are in 

percentages relative to the maximum attainable returns when 50% of all opportunities for 

restoration are restored. The maps associated with each point indicate the optimal percentage 

of restoration opportunities that should be restored. Point A represents the maximum possible 

improvements to water quality. Point C represents the maximum possible increases in carbon 

storage. Point B represents a scenario that balances returns to water quality and carbon storage. 

Point D represents the non-targeted scenario illustrating that the allocation of restoration is sub-

optimal and that shifting the pattern of restoration allocation could increase both water quality 

and carbon storage 

 

 

 


