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1. INTRODUCTION 
This guidance provides a framework and methods for quantifying and valuing the multiple 

benefits of nature-based solutions, focusing specifically on green stormwater infrastructure 

(GSI) and coastal resilience projects that improve water quality and/or help to reduce localized 

or coastal flooding. It is organized as follows: 

• The remainder of this Section 1 provides an overview of GSI and nature-based 

resilience projects, describes the importance of understanding the benefits of 

these projects, and introduces common benefit valuation approaches. 

• Section 2 describes the key steps in conducting an economic analysis of the 

benefits and costs of nature-based resilience projects 

• Section 3 provides more specific guidance and methods for valuing key benefits, 

including flood risk reduction, water quality improvements, enhanced recreational 

opportunities, habitat and biodiversity, carbon reduction, and economic 

development. 
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1.1 GSI and nature-based solutions for coastal 
resilience 

Nature-based solutions “use natural processes and features to manage, restore, protect, and 

sustainably use natural or modified ecosystems.”1 While nature-based solutions 

encompass a wide range of applications, this guidance focuses on practices that reduce 

localized flooding, improve water quality, and/or enhance coastal resilience by helping to 

protect communities against coastal flooding and storms. In this context, nature-based 

solutions include GSI practices and coastal resilience projects, such as: 

• Bioretention facilities, green roofs, and other vegetated infiltration practices   

• Biofiltration and vegetated swales 

• Tree planting   

• Wet ponds 

• Wetlands 

• Natural coastal barriers, such as coastal wetlands, horizontal levees, and restored 

sand dunes 

• Practices that mimic natural processes to capture, treat, and/or infiltrate stormwater 

runoff, such as permeable pavement and rainwater harvesting systems, are also 

considered as GSI for the purposes of this report. 

These practices can yield significant economic benefits that go beyond their primary 

purpose. For example, projects that reduce localized flooding can include green space and/or 

recreational amenities, trees improve air quality and provide shade, and native plants and 

wetlands enhance wildlife habitat. These benefits have values that can be described and 

quantified in monetary terms. 

1.2 Benefits valuation: context and purpose 
The benefits associated with nature-based solutions are often referred to as ecosystem 

services. Ecosystem services reflect the benefits people receive from nature that are 

essential to human survival and economic prosperity.2 Ecosystem services can be valued 

and incorporated into comprehensive benefit cost analyses or triple bottom line (TBL) 

accounting frameworks that account for the full range of financial, social, and environmental 

benefits associated with GSI and other nature-based projects and programs. Figure 1 

provides additional detail on these key terms. 

Regardless of the terminology, an economic assessment that monetizes benefit values 

provides municipal staff, elected officials, and other decision makers with important 

information about costs, benefits, and the return on investment from public expenditures. 

 
1 U.S. DOI (Department of Interior). 2023. Department Manual Part 600, Chapter 7 Nature-based Solutions. 
2 FEMA (Federal Emergency Management Agency). 2022. Ecosystem Service Value Updates.  

https://www.doi.gov/document-library/departmental-manual/600-dm-7-nature-based-solutions
https://www.fema.gov/sites/default/files/documents/fema_ecosystem-service-value-updates_2022.pdf
https://www.fema.gov/sites/default/files/documents/fema_ecosystem-service-value-updates_2022.pdf
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This information can be valuable for several reasons, including: 

• Identifying infrastructure alternatives that maximize community value. Accounting for 

the full range of ecosystem service benefits associated with GSI and other nature-

based solutions avoids decisions in which these values are discounted or not valued 

at all. Monetizing these benefits (when appropriate and feasible to do so) allows for 

an apples-to-apples comparison of benefits and costs. This helps practitioners and 

decision-makers understand the tradeoffs or complementarities associated with 

different ecosystem service benefits and to discern which approach (or combination 

of approaches) will yield the greatest value for their community. 

• Building internal support for GSI and nature-based solutions. In some cases, municipal 

staff or departments may not be familiar with nature-based approaches as an 

alternative to more traditional infrastructure projects. Quantitative information on 

benefits can inform internal discussions during project development and planning 

stages. 

• Competing for scarce funding. In many areas, municipal departments must compete 

for funding with other important community programs. Grant funds from external 

sources are also often subject to competitive proposal processes. Demonstrating the 

full value of proposed projects can make them more competitive, particularly if they 

help to achieve multiple community priorities. 

• Leveraging alternative funding sources. Information on benefits can be used to 

leverage alternative funding streams from both public and private sources. For 

example, information on public health and economic development benefits may 

leverage funding from public agencies that might not otherwise think about funding 

stormwater projects. Similarly, research related to private sector implementation of 

GSI shows that property owners and developers would be willing to implement GSI on 

their property if they knew it would improve their bottom line (e.g., through increased 

property values, retail sales, and/or rents).33 

• Gaining support and buy-in from decision-makers and other stakeholders. Utilities and 

municipalities can use objective information on the benefits of GSI and other nature-

based solutions to gain support from upper management and other key decision-

makers. This information can also be useful in communicating the value of proposed 

projects to stakeholders, further broadening community buy-in. 

 
3 Clements, J. and J. Henderson. 2015. Getting the Green Out: Key Findings and Recommendation from NRDC Workshops on Promoting 

Green Stormwater Infrastructure on Commercial Property. Natural Resources Defense Council. 

https://www.nrdc.org/sites/default/files/promoting-green-infrastructure-report.pdf
https://www.nrdc.org/sites/default/files/promoting-green-infrastructure-report.pdf
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Figure 1. Ecosystem services and Triple Bottom Line (TBL) accounting 

Ecosystem services reflect the benefits people receive from nature that are essential 

to human survival and economic prosperity. These services are typically classified 

ecosystem services into four broad categories according to how they benefit people: 

• Provisioning Services provide the physical materials that economies and 

communities use, such as fresh water, food, fiber, and other resources. 

• Regulating Services are benefits obtained from ecosystem processes. Intact 

ecosystems provide regulation of climate, water quality/supply, and soil 

erosion and flood control. They also keep disease organisms in check. 

• Supporting Services refer to the habitats which support food webs and all life 

on the planet. 

• Cultural services: the non-material benefits that ecosystems provide to human 

societies and culture, including opportunities for recreation, tourism, aesthetic 

or artistic appreciation, and spirituality 

Triple bottom line (TBL) analysis follows the basic principles of what economists 

might refer to as a comprehensive and sound benefit-cost analysis - one that attempts 

to account for the full range of benefits and costs of a project or program over time. 

This includes benefits and costs borne “internally” by a municipality or agency, as well 

as those that are borne “externally” by other parties (e.g., households, businesses, 

special interest groups). The TBL approach provides an organizing framework within 

which the broad array of benefits (including ecosystem service benefits) and costs 

can be portrayed. It consists of: 

• A financial bottom line that reflects benefits that accrue directly to the utility, 

municipality, and/or the implementor of GSI projects and other nature-based 

solutions in the form of cost savings. 

• A second bottom line to reflect social impacts of an agency action, or the 

benefits and costs that accrue directly to households and residents (e.g., 

improved health outcomes or enhanced recreation opportunities). 

• A third environmental bottom line that reflects direct environmental benefits 

(e.g., improved water quality, carbon emissions reduction and sequestration 

benefits). 

Sources: FEMA 2022, USDA 2024, Clements et al. 2021 
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1.3 Economic valuation approaches 
A challenge in valuing the benefits of GSI and other nature-based solutions is that many of 

the ecosystem services they provide, such as improved air and water quality, increased 

recreational opportunities, neighborhood beautification, and carbon sequestration, are 

generally not bought and sold in a market and therefore do not have a directly observable 

market price. As described in more detail below, economists have developed several 

methods for valuing these “non-market” goods and services and other ecosystems service 

benefits. Common valuation methods include stated and revealed preference methods, 

which are used to value non-market benefits, and avoided cost analysis and production- 

based approaches, which rely on market prices and outcomes. These economic analysis 

approaches are described below. 

1.3.1 Stated preference methods 

Stated preference methods rely on survey questions that ask individuals to make a choice, 

describe behavior, or state directly what they would be willing to pay for the non-market good 

or service being evaluated. Stated preference methods are based on the notion that there is 

some amount of market goods and services that people would be willing to trade off so they 

can benefit from a non-market good. This is often measured in terms of willingness to pay 

(WTP); stated preference studies typically yield average per-person or per-household WTP 

estimates for survey respondents. These estimates can be extrapolated to the wider study 

population to provide an indication of total non-market benefits or costs. 

An advantage of stated preference methods is that they include the ability to estimate both 

use values and non-use values. For example, stated preference methods have been used to 

estimate WTP by recreationalists for water quality improvements that enhance water-based 

recreational activities (i.e., use values). They have also been used to estimate WTP for water 

quality improvements by individuals who do not necessarily participate in water-based 

recreation but who intrinsically value these improvements for the ecosystem or biodiversity 

benefits they provide (i.e., non-use values). 

1.3.2 Revealed preference methods 

Revealed preference methods rely on choices people make in related markets to infer the 

value of a nonmarket good or service. Common revealed preference methods include 

hedonic pricing, travel cost, and averting behavior methods. Hedonic methods use 

statistical analysis to estimate the influence of different factors on observed market prices. 

For example, researchers often cite hedonic studies that infer the value of resilience 

activities by comparing price differences between properties that are located close to green 

spaces and those that are not. These studies use hedonic models to isolate the effect of 

nature-based projects on a property’s market value while controlling for all other factors. 

The travel cost method estimates WTP for recreation based on the choices people make to 
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travel to a specific location. This method recognizes that users pay an implicit price by 

giving up time and money to recreate. Travel cost methods could be used to estimate how 

much more people are willing to pay to take recreational trips to areas that have better water 

quality or that have benefitted from stream restoration improvements. 

The averting behavior method infers values from defensive or averting expenditures (e.g., 

expenditures made to avoid flood-related property damage or to reduce the potential for 

illness during extreme heat events). This method assumes that a person will continue to take 

protective action as long as the expected benefit exceeds the cost of doing so. It generates 

values that may be interpreted as lower bound estimates because averting expenditures 

only capture a portion of an individual’s WTP to avoid harm. 

1.3.3 Avoided cost methods 

Avoided cost analysis determines the marginal cost of providing an equivalent service in 

another way. For example, reducing potential stormwater volume discharged to a 

municipality’s storm sewer infrastructure can avoid costs associated with repairing that 

system, and/or reduce the size of concrete pipe needed during upgrades. Similarly, in areas 

where resilience projects can reduce the risk of future flooding, this can offset (or delay) the 

need to undertake flood damage repairs. When using avoided costs as a proxy for benefit 

values, analysts must carefully define a baseline scenario that is consistently applied across 

benefit categories. Avoided costs should only be used to measure benefits when they would 

be incurred in absence of the planned resilience scenario. 

1.3.4 Production function approaches 

Production function approaches value environmental goods and services based on their 

impact on production. They are based on the idea that environmental attributes can affect a 

sector's production function, and that the effect on production can be valued at market 

prices. For example, high quality nature-based recreation sites can positively affect 

economic output associated with tourism. 

1.3.5 Benefits transfer methods 

The approaches described above are primary methods, meaning they rely on data generated 

by the authors of the study. Primary valuation studies (particularly stated preference and 

revealed preference studies) typically require a significant amount of time, expertise, and 

financial resources. For this reason, researchers often use the benefits transfer approach to 

estimate non-market values. Benefits transfer is a secondary research approach that relies 

on estimates of existing economic values in one context to estimate economic values in a 

different context. There are numerous challenges and cautions to consider when using 

benefits transfer, however, when implemented correctly, with the recognition that the 

estimates are not intended to be precise, benefits transfer is accepted as a suitable method 

for estimating non-market benefits in various contexts. Benefits transfer is commonly used 
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in economics, and there is a well-developed literature on how to correctly apply this method.4 

 

 
4 Bergstrom J.C. and P. De Civita. 1999. Status of benefit transfer in the United States and Canada: Review. Canadian Journal of 

Agricultural Economics 47(1):79-87. Rosenberger R.S. and J.B. Loomis. 2003. Benefit transfer. In A Primary Non Market Valuation, P. 
Champ, K. Boyle, and T. Brown (eds.). Kluwer Academic Press, Boston. pp. 449-482. 
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2. FRAMEWORK FOR CONDUCTING  
TBL-BASED ECONOMIC ANALYSIS 

This section provides a description of each of the key steps involved in conducting an 

economic analysis, establishing a framework that water utilities and municipalities can use 

to better understand and assess the co-benefits of resiliency investments. 

2.1 Establish a baseline 
Defining the baseline scenario is a critical first step to conducting an economic analysis; it 

is often the key to revealing the benefits of a project or program. Establishing a baseline 

requires analysts to identify what would occur if the planned project were not implemented. 

In some cases, no action may be taken to address the identified problem and impacts will 

continue. However, baseline conditions often reflect a future in which an alternative project 

is implemented. For example, for a stormwater manager who is planning to implement a GSI 

project to reduce the risk and costs associated with localized flooding, the baseline scenario 

may include implementation (and associated costs) of a more traditional (e.g., “gray” 

infrastructure) flood control option, such as upgrading portions of existing drainage 

networks to accommodate larger storm events. 

2.2 Identify a project scenario for evaluation 
The next step is to establish a project scenario for evaluation. Different types of GSI and other 

nature-based practices result in different types and levels of benefits, as does the scale of 

implementation. Additional factors, such as study area population, climate, and other 

community characteristics also affect the types and level of benefits provided. Basic 

information on the project site and surrounding area, as well as project design and 

engineering, is necessary for estimating costs and identifying and quantifying key benefits. 

For a GSI project, information needed at this stage might include the number, size, general 

location, and types of GSI practices that will be implemented, the project’s stormwater 

capture design capacity, and total annual average runoff captured. Information on additional 

site amenities (e.g., recreational amenities) and characteristics of the overall project area 

and surrounding population also help to characterize the benefits of a project. 

2.3 Identify relevant costs and benefits for analysis 
Having identified a scenario to evaluate, the next step is to characterize the costs and 

benefits associated with the proposed project. This includes costs and benefits beyond 

those faced by the utility or municipality alone. In other words, all benefits and costs should 

be counted, regardless of to whom they may accrue, or where they might be realized. When 

compiling costs, it is important to think about the overall lifespan of the project, including 

initial design and construction costs and maintenance and replacement costs over time. If 

a subsidy or cost share is provided by an outside source (e.g., the state), these should be 
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considered as part of the economic analysis. 

When identifying benefits, it is important to think about financial benefits that accrue directly 

to the utility or municipality, as well as environmental and social outcomes that benefit the 

broader community. Financial benefits to a utility may include costs associated with an 

alternative project that is avoided compared to the baseline. For example, a GSI project 

might avoid the need to replace portions of a city’s drainage network to accommodate larger 

storm events. These cost savings, or avoided costs, should be included as a benefit of the 

GSI project if the alternative project is part of the baseline scenario. Environmental benefits 

of GSI and nature-based projects may include expanded and/or higher quality habitat, 

improved water quality, and/or carbon reduction. Social benefits may include enhanced 

recreational opportunities, flood risk reduction, public health improvements associated with 

better air quality and reduced urban temperatures, green job creation, and/or neighborhood 

beautification. 

Once all costs and benefits are identified, they can be evaluated to determine which must be 

qualitatively described (e.g., because quantification is not feasible), and which can and 

should be quantified. It may be useful to exclude benefits that have a large degree of 

uncertainty associated with them, are small and somewhat insignificant (i.e., they may not 

be worth quantifying), or that are politically or culturally sensitive. While it may not be possible 

to value these benefits/costs, it may be useful to qualitatively characterize them, as 

discussed in section 2.5. 

2.4 Quantify and monetize benefits and costs 
The first step to valuing a benefit or cost is to establish the physical quantities or outcomes 

associated with it. Physical outcomes associated with the benefits of GSI or resilience 

projects may include, for example, miles or acres of beach erosion prevented, reduction in 

water pollutants achieved, pounds of air pollutants avoided, or the number of recreational 

user outings enabled by enhanced natural amenities or water quality. These metrics serve as 

the initial step in the valuation process; it is therefore important to match the quantity units 

of measurement to whatever metric is available for the corresponding dollar values. Table 1 

shows the physical outcomes associated with example benefit categories for GSI and other 

nature-based projects; in some cases, these outcomes may resonate better with 

stakeholders than monetary values. 

Once the physical benefits have been estimated, a per unit dollar value often can be 

assigned to the benefit or cost to reach a total value (quantity times per unit value). 

Monetary values can be estimated by applying the economic valuation methods described 

previously; Table 1 also presents the economic analysis methods used to value the various 

benefits of GSI and nature-based solutions for coastal resilience. While many can be valued 

using original studies, these benefits can also generally be estimated using benefits transfer 

techniques. For both physical outcomes and monetized benefits, ranges may be   
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Table 1. Quantification units and valuation methods 

for GSI and nature-based project benefits 
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used (rather than a single point estimate) to better represent variability or uncertainty in the 

estimates. 

2.5 Qualitatively describe key benefits and costs 
It may not be feasible or desirable to express some types of benefits or costs in quantitative 

or monetary terms. However, it is important to describe these non-quantified benefits and 

costs in a meaningful, qualitative manner. Benefits and costs may be described qualitatively, 

in part, by using a simple scale indicating the likely impact on net project benefits. For 

example, impacts can be qualitatively ranked on a 5-point scale, ranging from -2 to +2, to 

reflect unquantified relative outcomes that span from very negative to very positive (e.g., a “-

1” may signify an outcome with moderate unquantified costs, and a “+2” may represent a 

high unquantified benefit). These rankings should be evaluated relative to the magnitude of 

monetized benefits. More complex or sophisticated rankings or methods, such as multi-

criteria decision analysis, can also be applied (but may not be necessary). Break-even 

analysis is another tool that can be used to cast qualitative benefits in context. 

2.6 Compare benefits and costs over time 
The benefits and costs of GSI and nature-based solutions occur as a stream of values that 

change over time. On the cost side, these may have large upfront capital costs that are 

expended in the earlier years, depending on the implementation schedule; in some cases, 

these costs may be spread over an amortization period. Benefits typically accrue over the life 

of a project, and in the case of some benefit categories, continue to grow over time as 

vegetation becomes established and continues to grow. As with costs, benefits will also 

vary based on the planned implementation schedule (e.g., as project elements or phases 

come online). 

Values that occur in different time periods need to be adjusted to comparable “present 

values”. There are two interrelated factors to consider when comparing values from 

different times – inflation and the “time value of money.” When inflation is included in 

projecting values over time, the values are said to be in “nominal” terms. Many financial 

analyses are conducted in nominal dollars. However, for economic analyses, benefits and 

costs are normally not entered in nominal dollars. The use of “real” dollars (i.e., where no 

inflation rate is applied) makes analyses easier and keeps inflation-related projections from 

clouding the analysis. 

Present values account for inflation and the “time value of money.” The “time value of 

money” captures a social preference for a dollar today over an inflation-adjusted dollar 

available in the future. The annual rate at which present values are preferred to deferred 

values is known as the discount rate (which is like an interest rate). The greater the 

preference for immediate benefits (time preference), or the greater expected rate of return 
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on other investments today, the greater the discount rate.5 The Water Resources Planning 

Act of 1965 and the Water Resources Development Act of 1974 require an annual 

determination of a discount rate for Federal water resources planning. For fiscal year 2024, 

the discount rate for Federal water resources planning is 2.75%. 

To compare streams of value over time from different projects, the stream of values for 

each project is discounted to “present value” using the discount rate. If both benefits and 

costs are involved, the present value of the costs is subtracted from the present value of the 

benefits to get the net present value (NPV) of the project. 

In addition to the present value of monetized benefits and costs, when assessing benefits 

and costs of GSI projects, it is important to consider the timeline over which benefits accrue. 

This is particularly important if GSI projects involve street trees or other tree plantings, which 

provide increased levels of benefits as they grow and mature. Similarly, flood risk reduction 

benefits are typically quantified as the expected annual damages that are avoided because 

of the project. This reflects the potential harm to property, infrastructure, and other assets 

associated with flooding and the likelihood of a flood occurring in any given year. 

2.7 Understand and document uncertainties 
Inherent in any high level economic analysis is some level of uncertainty. Uncertainties 

associated with estimated benefits and costs should be explicitly documented. The impact 

that these may have on the outcome of the analysis (e.g., in terms of their likelihood of 

increasing or decreasing net benefits, or an uncertain direction of change in net benefits) 

should be noted. 

When it is possible with available data, ranges should be developed for an estimate by stating 

the upper and lower bounds. When bounding of an estimate is not possible, one can at least 

characterize uncertainty qualitatively by describing the sources of uncertainty and stating 

whether an estimate developed is likely to over- or under-estimate the true value. 

In many cases it can be useful to explore the impact of uncertainties or key assumptions 

through sensitivity analysis. Sensitivity analysis involves systematically changing the value of 

a key input to see how it affects the outcome of the analysis. The change in results 

associated with the change in inputs can illuminate how important the impact of uncertainty 

in a particular variable is to the outcome. Sensitivity analysis is often performed by varying 

a particular input by equal amounts greater to and less than the current value. 

  

 

5 U.S. DOI BOR (U.S. Department of Interior, Bureau of Reclamation). 2023. Change in Discount Rate for Water Resources Planning. 

https://www.federalregister.gov/documents/2023/11/16/2023-25310/change-in-discount-rate-for-water-resources-planning#%3A~%3Atext%3DThe%20discount%20rate%20for%20Federal%2Cmonetary%20values%20to%20present%20values
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2.8 Avoid double counting 
Proper accounting of benefits is necessary to ensure against double counting. Benefits 

included in the analysis can depend on the baseline established for the project. For example, 

if the baseline reflects a “do-nothing” scenario, and a project will address a localized or 

coastal flooding problem, then the flood damages avoided by the project can be counted as 

a benefit. However, if the baseline includes an alternative (e.g., gray infrastructure) project 

that addresses the same flooding problem (and to the same extent), the benefits of the GSI 

or nature-based project can include either 1) the avoided costs of the alternative gray 

infrastructure project, or 2) the flood damages avoided by the project. Including both would 

be double counting. This is because the flooding problem would be addressed under both 

alternatives. The two alternatives can either be compared directly (e.g., by comparing flood 

risk reduction and other benefits of each alternative to their costs) or the avoided costs 

associated with the baseline project can be counted as a benefit of the GSI or nature-based 

solution being evaluated. 

The economic value of other benefits associated with nature-based solutions are generally 

additive, meaning they can be added together to generate a total value. However, some of 

the benefit categories are interconnected (and to some extent may overlap) and must be 

carefully evaluated to avoid double counting. One example relates to the enhanced aesthetic 

value that GSI and other nature-based projects provide; this is often measured based on the 

increase in property values for properties located within a certain distance of the project. The 

increase in property values reflects a WTP to live near the project and the amenities it 

provides, such as neighborhood beautification/enhanced aesthetics. However, it may also 

reflect a WTP to live near the recreational amenities the project provides; thus, adding 

recreational benefits to the increase in property values would be double counting. As a rule 

of thumb for high level benefit cost analysis, consider including 50% of a project’s property 

value benefits when adding total benefits that might overlap with this estimate. 
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3. INDIVIDUAL BENEFITS  

AND HOW TO VALUE THEM 
This section reviews the types of benefits associated with GSI and coastal resilience projects 

and provides some initial information about methods for quantifying and monetizing the 

value of these benefits. 

3.1 Flood Risk Reduction 
Targeted GSI projects can reduce localized flooding associated with small to moderate 

storm events that inundate streets and cause sewer and basement backups (so-called 

“nuisance flooding”). Projects that provide natural barriers along the coast can reduce 

flooding associated with coastal rain events and wind-driven storm surge. Stream 

restoration projects and wide-scale distributed GSI (e.g., when integrated throughout a 

watershed) can alleviate riverine flooding associated with larger storm events. 

3.1.1 Overview and information needed 

Increased flood resilience can reduce damage to property, infrastructure, and environmental 

amenities. It also reduces adverse health risks associated with exposure to flooding and 

basement backups, avoids emergency response and cleanup costs, and limits the economic 

impacts of street or business closures from flooding. The benefit of projects that reduce 

flood risk can be calculated based on the costs of these avoided impacts. 

Federal agencies and others have developed well-established methods and tools for 

assessing avoided flood damages. These approaches are generally applicable to larger- 

scale riverine and coastal flooding and involve modeling to estimate the flood damage costs 

that will be avoided over the life of a project. Data on the depth and extent of flooding under 

various storm return intervals (e.g., 10-year, 100-year storm events) and information on the 

characteristics of the affected area (e.g., information on structures, businesses, land uses, 

population impacted) are necessary to run these models. 

The benefits of projects that address localized or nuisance flooding can be more difficult to 

estimate. Smaller storm events may cause little flood-related damage without the project 

but can inconvenience residents and community members by causing unsafe conditions, 

road closures, and/or basement backups. Analysts have quantified the benefits of 

reductions in localized flooding based on WTP by households to avoid flood risk, avoided 

basement back up costs, or impacts on the value of properties affected by a flood risk 

reduction project. These methods require different inputs. 

Another method for valuing the benefits of nature-based solutions for flood risk reduction is 

quantifying the avoided costs of alternative flood control options (e.g., managing flooding 

through gray infrastructure approaches). This method can be applied to projects that reduce 
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larger scale flooding and flooding associated with smaller storm events. 

3.1.2 Estimating benefit values 

Avoided flood damages - projects that address larger scale flooding 

The benefits associated with larger-scale riverine and coastal flood risk reduction projects 

can also be valued based on the flood-related damages that will be avoided over the life of 

the project. This method is appropriate to use when comparing the project to a “no action” 

alternative. Depending on the extent and severity of the flooding event, avoided damages 

may include structural damages to buildings, loss of building contents, damages to 

infrastructure or critical facilities, loss of wages and profits to businesses, emergency 

response costs, displacement, injury or loss of life, and post-flood cleanup costs.  

To calculate avoided damages, practitioners must estimate and compare flood damages 

with and without the project. Key steps are outlined below. 

Step 1: Define and inventory the area over which flooding will be mitigated 

A floodplain inventory is needed to identify the types of buildings and other assets at risk. 

Key data requirements include size, population, property type, property values, and structure 

characteristics within the management area. This does not have to involve an extensive 

study - the US Army Corps of Engineers (USACE) developed and maintains the National 

Structure Inventory (NSI), a repository of structure point data containing building-level 

attributes in a GIS base layer that can be used for this purpose. 

Step 2. Conduct hydrologic and hydraulic modeling. 

The next step is to understand how the extent and depth of flooding will change with and 

without the proposed flood risk mitigation measures. This can require a rainfall-runoff 

(hydrologic) model to route rainfall over the landscape. A hydraulic model may also be 

needed to understand the performance of the stormwater and wastewater system during 

rain events. This cannot always be done in house and municipalities often hire consultants to 

perform this modeling. 

Step 3. Estimate damages with and without project 

Depth-to-damage functions are then used to translate the depth of flooding into physical 

damages, given the existing stock of buildings and their classification (e.g., residential, 

commercial, industrial classification codes), and nonphysical damages (e.g., emergency 

response, displacement, flood cleanup costs). The range of storm event return periods and 

their expected damage amounts are used to calculate expected annual damages across all 

storm event types. This process accounts for the probability of occurrence of different flood 

events. Damage estimates can be conducted using tools developed by USACE or FEMA that 

provide standardized relationships for estimating flood damages and other costs of 

flooding. 
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Avoided infrastructure costs 

If the baseline scenario includes an alternative project for addressing flood risk reduction 

(e.g., through a gray infrastructure project), the costs of the avoided project can be included 

as a benefit of the GSI or nature-based resilience project. Costs of the avoided project should 

include lifecycle costs – from design, construction, to maintenance over time. Costs should 

be calculated for the period over which the project would have been implemented for 

appropriate comparison in present value terms. Consideration should be given to the 

expected life of the avoided project. For example, if the nature-based resilience project has 

an expected life of 50 years (or is being evaluated over a 50-year period), and the avoided 

project has a useful life of 30 years, replacement costs (or decommissioning costs as 

relevant) incurred at the 30-year mark should also be included as an avoided cost. 

For projects intended to manage larger-scale riverine or coastal flooding, these avoided costs 

may be best developed based on high-level engineering cost estimates (if available) or rule of 

thumb unit values (if not). For GSI projects that address localized flooding, avoided costs can 

include the cost of managing stormwater runoff to local standards (e.g., MS4 permit 

requirements) using traditional gray infrastructure. For example, R.S. Means (a widely used 

database for construction cost estimating) reports capital/construction costs for managing 

a square foot of impervious area using traditional methods (i.e., underground storage and 

drainage networks). In 2024 USD, this value amounts to $3.68 per square foot of impervious 

area managed. Multiplying the impervious area managed with the GSI project/nature-based 

solution by the unit value avoided cost ($3.68 per square foot) yields a total avoided cost 

benefit. This can be supplemented by local cost data for managing stormwater runoff within 

the public right-of-way. In addition, this is a one-time avoided construction cost; maintenance 

costs should also be estimated and included in the avoided cost estimate. 

Importantly, the cost for managing stormwater runoff includes costs for meeting both 

volume and water quality-based standards. Thus, if this approach is used to estimate the 

benefits of projects that reduce localized flooding, water quality benefits should not be 

separately evaluated. 

Additional methods for estimating flood risk reduction benefits 

The types of flooding targeted by GSI also does not always result in the types of damages 

captured in the models described above. Economists have developed alternative 

approaches for valuing flood risk reduction benefits associated with these projects. For 

example, researchers have used stated preference surveys to estimate the WTP of 

households to avoid street flooding, basement flooding, or basement backups. Across 

studies, household WTP ranges from $50 - $88 per year. While individual household WTP 

might seem low, aggregating over time and across households can reveal substantial value.6 

 
6 Cadavid, C. and Ando, A. 2013. Valuing preferences over stormwater management outcomes including improved hydrologic 
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Others have used hedonic pricing methods to investigate the effect that flood risk has on 

housing prices. For example, several studies have found that the value of homes within the 

100-year floodplain are 2% to 8% lower than equivalent homes outside the floodplain.7 

Another study found that on-site retention to mitigate flooding can increase property values 

by 2-5% for properties located in the flood plain. 

 

Local planning data or knowledge of flood damages can also be used to estimate project 

benefits. For example, if a GSI or other nature-based project is implemented to address 

basement backups in a neighborhood, local knowledge can inform estimates on the 

frequency and number of basement backups that occur each year, as well as the costs 

associated with clean up. This can yield an order of magnitude estimate of the damages that 

will be avoided by the project. 

Finally, a simple way to estimate the flood risk reduction value of some nature-based 

practices is to rely on ecosystem service values developed by the Federal Emergency 

Management Agency (FEMA) for different land use types. Using benefits transfer and 

existing academic studies, FEMA estimates national average values for flood and storm 

hazard reduction for several applicable land use types (Table 2). 

  

 
function. Water Resources Research. 49(41): 4114–4125, DOI:10.1002/wrcr.20317. 
7 Center for Neighborhood Technology (CNT) and American Rivers. 2010. The Value of Green Infrastructure: A Guide to 

Recognizing Its Economic, Environmental, and Social Benefits. Available: www.cnt.org/repository/gi-values-guide.pdf.  
[ii] Ortega, F. and S. Taspinar. 2018. Rising sea levels and sinking property values: Hurricane Sandy and New York’s housing market. 
Journal of Urban Economics, 106(2018):81-100 

Kewaunee Wisconsin: Campground Renovation 

The City of Kewaunee has proposed to add a rain garden and bioswale to the city’s 

campground, which sustained heavy flooding damage during a 2020 storm. The planned GSI 

would manage the stormwater within the campground increasing its resilience to future 

flood events. Reducing the likelihood of future damages and closure created benefits, 

including the avoided costs to repair future flood damage. 

Calculating this benefit began with a USACOE estimate that low-level flooding is expected to 

occur every 15 years. Installing bioswales and rain gardens, planting trees, and removing 

impermeable surfaces reduces the likelihood of future flooding. The planned GSI 

installations would eliminate the need for future repairs at a cost of approximately 

$117,000 each flood cycle. These avoided costs have a present value of $152,900 over the 

30-year lifespan of the GSI. 

http://www.cnt.org/repository/gi-values-guide.pdf
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Table 2. FEMA ecosystem service values for flood 
and storm hazard reduction (2024 USD) 

 

3.1.3 Resources and guides 

Local planning documents and data can inform relatively simple calculations of flood risk 

reduction benefits (see text box of simple calculation for Kewaunee, WI). Additional 

resources include: 

US Army Corps of Engineers National Structure Inventory (NSI) includes information 

about the location, type, and value of buildings and infrastructure. 

Tools developed by the Federal Emergency Management Agency (FEMA) for estimating 

benefits of flood risk reduction projects: HAZUS, FAST, Benefit Cost Analysis Toolkit, and 

Ecosystem Service Values. 

Water Research Foundation (WRF) Green Stormwater Infrastructure Triple Bottom 

Line Tool (GSI TBL Tool) is an Excel-based benefit-cost assessment tool that allows 

users to quantify the financial, social, and environmental benefits of GSI solutions. The 

GSI TBL Tool contains a module that allows users to estimate the avoided infrastructure 

costs associated with more traditional gray infrastructure projects for stormwater 

management, including projects that reduce flood risk and improve water quality. 

https://www.hec.usace.army.mil/confluence/nsi/userguides/download-tool
https://www.fema.gov/flood-maps/products-tools/hazus
https://www.fema.gov/sites/default/files/documents/fema_flood-assessment-structure-tool.pdf
https://www.fema.gov/grants/tools/benefit-cost-analysis
https://www.fema.gov/sites/default/files/documents/fema_ecosystem-service-value-updates_2022.pdf
https://www.waterrf.org/research/projects/economic-framework-and-tools-quantifying-and-monetizing-triple-bottom-line
https://www.waterrf.org/research/projects/economic-framework-and-tools-quantifying-and-monetizing-triple-bottom-line
https://www.waterrf.org/research/projects/economic-framework-and-tools-quantifying-and-monetizing-triple-bottom-line
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3.2 Water Quality Improvements 
GSI and other nature-based solutions can improve water quality by filtering or reducing the 

volume of untreated stormwater runoff entering storm sewer systems and local 

waterbodies. These projects can also reduce peak stormwater flows, which can cause 

streambank erosion, and in cities with combined sewers, can reduce overflows that discharge 

untreated sewage into local waterways. These benefits in turn can result in substantial water 

quality and related aquatic habitat improvements. 

3.2.1 Overview and information needed 

Like flood risk reduction benefits, water quality improvements from GSI and other nature- 

based resilience projects can be estimated based on the avoided costs of alternative water 

quality treatment options. Avoided treatment costs depend on the pollutant load reductions 

resulting from nature-based projects, such as pounds of nitrogen, phosphorous, or total 

suspended solids (TSS) removed. Unit treatment cost values (e.g., $ per pound of pollutant 

treated at a wastewater treatment plant) can be applied to pollutant removal estimates to 

determine the value of total water quality benefits. When using avoided costs to estimate the 

water quality benefits of nature-based solutions, care must be taken to avoid double 

counting with any avoided infrastructure costs calculated as a flood risk reduction benefit. 

The value of water quality improvements can also be estimated based on public WTP for 

higher quality rivers, streams, and lakes. Several studies have estimated WTP for water 

quality improvements in different contexts. These studies can provide relevant estimates for 

benefits transfer. Applying this method requires data on the baseline level of water quality, 

expected water quality improvements resulting from the project, and the scale of water 

quality improvements relative to water quality impairments within the local 

municipality/watershed. 

3.2.2 Estimating benefit values 

Avoided infrastructure costs 

If the baseline scenario includes an alternative project for addressing water quality 

impairments, the costs of the avoided project can be included as a benefit of the GSI or 

nature-based resilience project. Costs of the avoided project should include lifecycle costs – 

from design, construction, to maintenance over time. Costs should be calculated for the 

period over which the project would have been implemented for appropriate comparison in 

present value terms. Consideration should be given to the expected life of the avoided 

project. For example, if the nature-based resilience project has an expected life of 50 years 

(or is being evaluated over a 50-year period), and the avoided project has a useful life of 30 

years, replacement costs (or decommissioning costs as relevant) incurred at the 30-year 

mark should also be included as an avoided cost. 
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Household WTP for water quality improvements 

The WRF GSI TBL Tool allows users to calculate household WTP for water quality 

improvements. This method can be used to approximate the value of water quality 

improvements for an individual project by estimating how much the project contributes to 

overall waterbody health. It requires some judgement from the user to make reasonable 

assumptions related to key inputs; however, it is intended to provide a reasonable 

approximation of value associated with the average change in water quality and aquatic 

habitat across affected/target water bodies 

Step 1: Determine level of water quality improvement in affected water body 

The ten-point water quality ladder serves as the basis for measuring the water quality 

improvements that will result from a GSI project. This in turn influences household WTP for 

those improvements. 

Using the water quality ladder (see Figure 2), estimate current water quality conditions prior 

to the project. For example, if a water body is currently acceptable for rough fishing and 

provides satisfactory habitat for some wildlife, it would receive a rating of 4.3. The table 

shown below the water quality ladder can help to inform these judgements. 

Next, based on the expected 

outcomes of the project, 

estimate the extent to which 

the GSI project or nature- 

based solution will improve 

water quality for the area it 

impacts, and the number of 

points that this improvement 

will represent. For example, if 

the project was expected to 

improve water quality from a 

4.3 to a 5.3 on the water 

quality ladder, the expected 

improvement would be 1 

point. 

Figure 2. Water Quality Ladder 
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Step 2: Estimate household willingness to pay for water quality improvements 

The WRF GSI TBL Tool requires the following inputs to estimate household WTP for water 

quality improvements, including: 

• Whether the water quality change occurs in an estuary 

• Whether the water quality change affects only local freshwater bodies (i.e., those 

within a city or a small portion of a state) – this should be a “Yes” for the types of 

projects covered here. 

• State in which the project is located 

• Median household income for the local area (deflated to 2010 dollar value) 

• Whether the affected water body supports recreation, and if so, the percent of 

affected population that use the resource for recreation 

Entering these inputs into the tool yields a household WTP value for water quality 

improvements. 

Step 3: Scale total value to estimate benefits of individual project 

The next step is to scale the percentage of total WTP or households that should be included 

in the calculation of for the project(s) being analyzed. This will vary depending on the nature 

and scale of the project but can be determined in several ways. For example, the user may 

Kewaunee Wisconsin: Campground Renovation 

The city of Kewanee, Wisconsin, has proposed restoring its municipality-owned 

campground adjacent to a boat ramp docking area and popular swimming location. The 

campground consists of 36 RV campsites, which deposit water pollutants, such as heavy 

metals, sediment, and VOCs, onto the impervious surface, which is washed into the 

adjacent water source in storms. 

The restoration project will reduce the campground's impervious surface and add a rain 

garden and bioswale. This will reduce the amount of pollutants that would otherwise 

enter the lake. 

The project team estimated the value of this improvement using the WRF GSI TBL tool. 

Because the water was swimmable at the baseline, the initial conditions were given a 7 

on the water quality ladder. The pollution reduction yielded a 0.5-point increase in water 

quality. Based on the WTP for water quality improvements near the campground, this 

improvement resulted in an estimated benefit value of $45,000 over the project's life. 
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base it on the percentage of total stream miles affected in a watershed or the percentage of 

a total stormwater management goal that the project helps to meet (e.g., number of greened 

acres, percentage of uncontrolled impervious acres treated, percentage of total costs 

necessary to meet TMDL requirements or a city’s stormwater management goals). 

The GSI TBL Tool calculates the total value of water quality improvements by multiplying 

average household WTP by the number of households and the “percent project contribution” 

values entered by the user. 

3.2.3 Resources and guides 

WRF GSI TBL Tool is one of the easiest ways to calculate the value of water quality benefits 

in this context. The tool requires inputs for water quality baseline point value and point 

improvements, recreational usage estimates, percentage of improvements to estuaries, 

household median income, and the number of households impacted. 

The US Census Bureau American Community Survey (ACS) data contains household level 

information that can be used as WRF Tool inputs. Necessary information can be found in a 

Census area’s location profile, which are one of the first results when searching for a place. 

Alternatively, ACS tables “B19013” and “CP04” contain data on median household income 

and total households, respectively. Applying the impacted location as a filter on the Census 

data website yields the data for the relevant location. 

https://www.waterrf.org/research/projects/economic-framework-and-tools-quantifying-and-monetizing-triple-bottom-line
https://data.census.gov/
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3.3 Recreation 
GSI and other nature-based solutions can increase and/or improve community recreational 

opportunities by adding green space and improving access to recreational amenities such 

as pathways, bike paths, and functioning ecosystems. Intentionally creating parks or 

integrating recreational amenities into nature-based projects can provide valuable benefits for 

residents and visitors. Habitat improvements that attract birds and other local wildlife also 

provide unique recreational opportunities. In more urban settings, GSI projects that increase 

vegetation can enhance community aesthetics and reduce urban heat; this in turn can lead to 

greater participation and enjoyment of outdoor activities. 

3.3.1 Overview and information needed 

Quantifying the recreational benefits of nature-based resilience projects requires knowledge 

of the types of recreation available at a site, current visitation levels (if the site currently 

supports recreation), and a project’s ability to increase recreational opportunities, use, and 

enjoyment. 

Recreational visits are associated with a person’s WTP to participate in a recreational 

experience, also referred to as a direct use value. This value reflects the quality and 

enjoyment associated with a recreational experience and can vary by activity type. Direct use 

values represent WTP per visit to participate in a recreational activity. 

The total value of recreation at a given site is a function of direct use values and the 

recreational trips (often referred to as “user days” or visitor days) taken to the site. Factors 

that affect visitation and/or direct use values include the type and quality of recreational 

amenities available at a site, the availability of similar recreational opportunities nearby, 

characteristics and proximity of residents, ease of access, and the aesthetic nature of the 

site. 

3.3.2 Estimating benefit values 

Estimating the economic benefits of recreational amenities is a three-step process. 

Step 1: Estimate the number of new recreational users by activity type 

Recreational benefits depend on the number of new recreational visits to a site each year, as 

well as the primary activities in which visitors participate. For sites that currently support 

recreation but where the proposed project will increase or enhance recreational 

opportunities, increases in recreational use may reflect an increase in the frequency of visits 

by existing users and/or the addition of new users. For projects that will create new 

recreational opportunities, most visits may be considered “new visits.” However, the number 

of new visits may need to be adjusted downwards if there are several similar recreational 

opportunities nearby (i.e., in this case, some visits may be a transfer from one site to another 

rather than a true net gain in recreational visits). 
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The WRF GSI TBL Tool contains a module that allows users to estimate visitation to 

neighborhood “pocket parks” and to larger parks. This can serve as a useful resource. Local 

planning documents and data can also provide insights into a site’s existing recreational 

use. Planners can use this information to evaluate the impact of an assumed percentage 

increase in existing visitation. In absence of sufficient data, rules of thumb can be applied to 

estimate visitation. A project's proportional impact may be useful a proxy for estimating the 

increase in recreational opportunities. For example, if a project increases total green space 

in a neighborhood by 10%, it can be assumed that the project generates a 10% increase in 

community recreation. Visitation may also be estimated based on assumptions regarding 

the average number of visits per year by households located within a certain distance of the 

area. 

Relatively simple information regarding participation by activity type is needed at this stage. 

Specifically, if a site offers fishing, hunting, boating, or a specialized activity, the percentage 

of visitors that participate in these activities should be estimated. All other activities can be 

considered “general recreation” for the purposes of valuation. 

Step 2: Determine direct use values 

It can be challenging to determine direct use values, as original estimates rely on stated 

preference surveys and/or revealed preference studies. In some cases, local or state studies 

may report direct use values for different activity types. These values can be applied using 

benefits transfer to estimate the value of recreation associated with a project. 

When local data is unavailable, the US Amy Corps of Engineers (USACE) Unit Day Value 

method can be used to estimate direct use values. This method allows users to calculate 

values for general recreation, fishing and hunting, and specialized recreation activities 

based on site characteristics. It can be used to estimate differences in direct use values for 

projects that enhance recreational opportunities and/or quality at existing recreational sites, 

as well as for projects that create new recreational opportunities. 

The Oregon State Recreation Use Values Database is another potential resource for direct 

use values. It provides national and regional values for specific recreational activities. 

Step 3: Calculate project benefits 

The first two steps determined 1) the number of new recreational visits that the project will 

generate by activity type; and 2) the value associated with each visit and activity. In this step, 

multiply the number of new recreational user days by activity type (i.e., number of new visits 

relative to the baseline) by the corresponding direct use value to calculate the project’s total 

recreational benefits. 

https://www.waterrf.org/research/projects/economic-framework-and-tools-quantifying-and-monetizing-triple-bottom-line
https://drive.google.com/file/d/1bcMkKPHt9gHSwOnNjiEYW6Qd2S_uYuad/view
https://recvaluation.forestry.oregonstate.edu/database
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3.3.3 Resources and guides 

WRF GSI TBL Tool utilizes the USACE methodology for estimating direct use values 

associated with recreational opportunities generated by GSI projects. It also helps users 

estimate visitation to community parks, pocket parks, and wetland areas, and recreation 

associated with general neighborhood greening. The methodology employed is applicable to 

both small and larger scale nature-based projects that create or enhance recreational sites. 

US Amy Corps of Engineers (USACE) Unit Day Value method can be used to estimate 

direct use values. 

Kewaunee Wisconsin: Valuing improved recreational opportunities associated with 
campground renovation 

In Kewaunee, Wisconsin, a municipally owned campground has provided short-term 

and seasonal camping for visitors from across the region, drawn primarily by boating 

and fishing opportunities in adjacent Lake Michigan. Currently, the campground is a 

gravel lot, providing minimal amenities for RV campers. The city intends to 

substantially remodel the facility, adding trees, gardens, a pavilion, and other amenities. 

In addition, 15 new tent sites will complement the existing 36 RV sites. 

An economic analysis of the proposed project assumes that these renovations will 

result in an additional 13,000 camper nights each year due to the expanded tent 

camping area and planned site enhancements. During the 2022 season, the 

campground hosted an estimated 8,000 camper nights. The analysis assumes that this 

level of visitation would continue, but the returning campers would place a higher value 

on the experience due to planned improvements (e.g., new restroom facilities, fire pits, 

improved aesthetics, and tent camping). Based on these assumptions, the 

Campground project would result in an estimated $5.6 million in recreational benefits 

over the 30-year analysis period. This value reflects estimates from the literature for 

individuals’ WTP to participate in fishing, boating, and/or other camping activities. 

Recreational benefits may range from $3.5 to $6.4 million depending on how many 

more visitors the campground attracts and whether visitors engage in higher value 

activities such as fishing and boating. 

 

https://www.waterrf.org/research/projects/economic-framework-and-tools-quantifying-and-monetizing-triple-bottom-line
https://drive.google.com/file/d/1bcMkKPHt9gHSwOnNjiEYW6Qd2S_uYuad/view
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3.4 Wildlife habitat and biodiversity 
GSI and other nature-based resilience projects can provide habitat and biodiversity benefits 

by integrating natural elements into urban environments. Practices such as rain gardens, 

green roofs, bioretention facilities, and wetlands create new habitat and/or improve the 

quality of existing ones, offering food and refuge for a variety of species including birds, 

amphibians, bees, and butterflies. These installations can also enhance landscape 

connectivity, facilitating the movement of mobile organisms, essentially creating wildlife 

corridors. 

By improving water quality, reducing peak flows, and recharging aquifers, GSI can also 

support aquatic ecosystems. Aquatic habitat benefits can be valued based on household 

WTP for water quality improvements, as described in the water quality benefits section. 

3.4.1 Overview and information needed 

The value of habitat improvements can be difficult to quantify because habitat and 

biodiversity are generally not bought and sold in a market. As result, quantifying this value 

depends on the methods economists have developed for valuing “non-market” goods and 

services. For example, stated preference methods use advanced survey techniques to elicit 

estimates of WTP for specified improvements in - or avoided degradation of - habitat or 

water quality, based on the species affected, nature of the improvements, and other local 

factors. Units are typically in terms of WTP per household or totaled to produce total WTP 

per acre of habitat. 

The simplest approach for valuing habitat is to apply per acre values to the new or restored 

habitat area. This requires information on the project size/footprint, type of vegetation/land 

use, and applicable WTP values. In some cases, a project might benefit a key species, 

including a threatened or endangered species. In these cases, studies may be available that 

report higher values for WTP due to the unique nature of the site. To estimate these values, 

practitioners can search academic literature to find applicable benefit transfer values (see 

description of Ecosystem Values Reference Inventory, EVRI, below). 

3.4.2 Estimating benefit values 

High level habitat values can be estimated using benefit transfer of published per acre habitat 

value. 

Step 1: Define the habitat area/type 

The first step is to determine the new or restored area of habitat, the type of habitat/and 

use, and key species that could potentially benefit from the project. When restoration occurs 

over existing habitats, the impacted area may be estimated based on a percentage of total 

restored land, the extent of improvements, and prior degradation. This requires some 

professional judgement. 
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Step 2: Apply WTP values 

The next step is to determine the applicable WTP values for the project. Two key sources 

can be used. The FEMA Benefit Cost Analysis Toolkit (BCA Tool) is an Excel-based tool that 

is publicly available for use. The tool helps users assess ecosystem service benefits 

associated with nature-based flood mitigation actions based on the land use types 

associated with their project (e.g., urban green space, wetlands). The tool values ecosystem 

services across four categories (consistent with the widely recognized ecosystem services 

classification framework) and for 14 subcategories. Values taken from academic literature 

are applied to each subcategory by land cover type, resulting in dollar per acre estimates. 

Table 3 shows values for the habitat subcategory for relevant land use categories. For urban 

green space, FEMA also reports a pollination value of $406 per acre per year (2024 USD). 

This can be added to the habitat value. 

Table 3. FEMA habitat ecosystem service values by land use type (2024 USD) 

 

Another resource is the WRF GSI TBL Tool, which provides national average estimates for 

different GSI types. The values in the Tool are based on existing research related to wetlands 

and a relative comparison of the habitat values associated with other GSI practices. Table 

4 shows the values by practice type incorporated into the Tool. 

Table 4. Habitat values for GSI, WRF GSI TBL Tool. 

 

Rare habitat or habitats that provided unique ecological benefits can have higher WTP 

values associated with their protection. Teams determining the WTP for ecosystem 

restoration and improved biodiversity should note the higher WTP values for habitats such as 
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estuaries, sea turtle nesting dunes, spawning streams, and other rare or endangered 

ecosystems. 

3.4.3 Resources and guides 

WRF GSI TBL Tool contains a module for valuing habitat and biodiversity benefits associated 

with GSI practices and projects. 

FEMA Ecosystem Service Values (June 2022) provides ecosystem service values for a range 

of categories, including habitat and pollination, by land use type. 

Environmental Valuation Reference Inventory (EVRI) is a searchable database of 

summaries of environmental and health valuation studies. The EVRI is a Canadian-run 

resource that provides information on the economic value of environmental benefits and human 

health effects. The database includes summaries of over 5,000 valuation studies, with 

information on the study location, the environmental assets being valued, the methodological 

approaches, and the estimated monetary values. 

https://www.waterrf.org/research/projects/economic-framework-and-tools-quantifying-and-monetizing-triple-bottom-line
https://www.fema.gov/sites/default/files/documents/fema_ecosystem-service-value-updates_2022.pdf
https://evri.ca/en
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3.5 Carbon reduction 
Carbon dioxide (CO2) is a greenhouse gas (GHG) that contributes to rising atmospheric 

temperatures and climate change. Vegetation incorporated into GSI and nature-based 

resilience projects removes CO2 from the atmosphere and acts as a sink by storing carbon 

in the form of biomass. In addition, GSI practices such as trees and green roofs can save 

energy by providing shade and insulation to buildings. In combined sewer communities, GSI 

projects can reduce energy demands associated with stormwater pumping and treatment. 

This in turn reduces energy-related emissions of CO2 and other GHGs. 

3.5.1 Overview and information needed 

Information on the amount of carbon sequestered by trees and other types of vegetation is 

necessary to estimate carbon reduction benefits. This varies over time and by vegetation 

type and can involve complex modeling to produce precise estimates. However, average 

annual carbon sequestration rates (e.g., per tree or per square foot of vegetation) can be 

applied for the purposes of high level benefits analysis. 

If a nature-based resilience project reduces energy use through building energy savings 

and/or avoided stormwater pumping and treatment, it is necessary to estimate the total 

energy savings and associated avoided GHG emissions. Emission rates from power 

generation depend on regional fuel resource mix and other factors89. Publicly available data 

from the U.S. EPA reports CO2 and other GHG emission rates from electricity production (by 

U.S. region), in terms of pounds per MWh of electricity produced. 

Economists typically value the benefits of CO2 reductions using the “social cost of carbon” 

(SCC), which represents the aggregate net economic value of damages from climate change 

across the globe. In 2016, the U.S. Government’s Interagency Working Group (IWG) on Social 

Cost of Carbon issued updated guidance on recommended SCC values (per ton of CO2) for 

regulatory benefit-cost analysis. The Working Group’s estimate reflects the worldwide net 

benefit of reducing one ton of atmospheric CO2, on average. 

 
8  Massetti, E, M. Brown, M. Lapsa, I. Sharma, J. Bradbury, C. Cunliff, and Y. Li. 2017. Environmental Quality and the U.S. Power 

Sector: Air Quality, Water Quality, Land Use and Environmental Justice. Oakridge National Laboratory, U.S. Department of Energy. 

ORNL/SPR- 2016/772. 
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3.5.2 Estimating benefit values 

Step 1. Estimate carbon sequestration from new vegetation 

The first step is to estimate the amount of CO2 removed from the atmosphere by GSI or 

nature-based resilience projects. Table 5 shows average annual carbon sequestration by 

trees for different climate regions of the U.S. (Figure 3). These estimates were calculated 

using i-Tree tools (developed by the U.S. Forest Service, USFS) and information from the 

USFS on the typical mix of tree species by region and their average size. They reflect the 

amount of carbon sequestered by trees at full tree growth (assumed to be 30 years and 

beyond) and have been translated from carbon (C) sequestered from the atmosphere to 

equivalent reductions in CO2. To estimate benefits over time, these estimates can be scaled 

over 30 years. A simple way to do this is to assume that a newly planted tree (year 1) would 

capture 10% of the amount of carbon sequestered in year 30. 

Carbon sequestration rates for other types of vegetation vary. Based on extensive review of 

available literature, the WRF GSI TBL Tool applies the following assumptions to estimate 

carbon sequestration for different types of nature-based resilience projects. These 

estimates can be used as rules of thumb:9
10

 

• Wetlands: 0.41 kg CO2/m2 per year 

• Bioretention, rain gardens, and bioswales 1.01 kg CO2/m2 per year 

• Green roofs: 2.04 kg CO2/m2 per year for three years post implementation. Green roof 

capacity to store carbon is limited, as their soil substrate is often between 3 and 12 

inches. This means that after a few years they typically reach equilibrium in terms of 

net carbon storage. 

Step 2. Estimate CO2e emissions reductions 

Building energy savings from trees and green roofs can be estimated using USFS i-Tree 

software and the National Green Roof Energy Calculator, respectively. Table 6 also shows 

energy savings from street trees by U.S. climate region (estimated using i-Tree tools and 

information from the USFS on the typical mix of tree species by region and their average 

size), which can also be used for this purpose. For combined sewer communities, the WRF 

GSI TBL Tool reports national average energy use associated with stormwater pumping and 

treatment as 2,000 kWh/MG and 2,520 kWh/MG, respectively. These estimates can be 

tailored to individual projects and communities. 

 
9 Tan Z, Liu S, Sohl TL, Wu Y, Young CJ. 2015. Ecosystem carbon stocks and sequestration potential of federal lands across the 

conterminous United States. Proc Natl Acad Sci U S A.112(41):12723–12728.; Kavehei, E., G. Jenkins, M. Adame, and C. Lemckert, 2018. 
“Carbon sequestration potential for mitigating the carbon footprint of green stormwater infrastructure.” Renewable and Sustainable 
Energy Reviews. 94: 1179–1191; Flynn, K. and R. Traver, 2013. “Green infrastructure life cycle assessment: A bio-infiltration case study.” 
Ecological Engineering. 55: 9-22; Jo, H., and G. McPherson, 1995. “Carbon storage and flux in urban residential greenspace.” Journal of 
Environmental Management. 45(2): 109-133.City of Calgary. 2019. Renfrew Integrated Stormwater Management Pilot Study 

https://www.pnas.org/doi/full/10.1073/pnas.1512542112
https://www.pnas.org/doi/full/10.1073/pnas.1512542112
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Table 7 shows emissions rates for CO2 equivalents (which translate all GHGs into an 

equivalent CO2 unit). It also shows average electricity grid loss percentages. This data is 

published by the U.S. EPA for different energy producing regions of the U.S., referred to as 

eGrid regions. 

Table 5. Carbon sequestration benefits of trees by U.S. climate 

region (in one year for a tree at full growth) 
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Figure 3. i-Tree Climate Zones. 
Source: U.S. Forest Service, undated 
 

Table 6. Average annual carbon sequestered (CO2 reduction) for common street tree 

species at year 30, by USFS climate zone 
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Table 7. eGrid GHG emission rates and transmission loss percentage, by eGrid subregion 

 

To calculate avoided emissions, multiply the avoided energy use associated with 

GSI/nature-based resilience projects by the relevant emissions rate for the relevant eGrid 

subregion (Figure 4), accounting for grid transmission losses. For example, an energy 

savings of 5 MWh per year in the ASCC Alaska Grid (AKGD) would be multiplied by the 

corresponding avoided emission rate of 1,058 lbs/MWh, and again by the transmission loss 

rate of 5.00% plus 1. This yields an estimate of 5,555 lbs of CO2e emissions avoided per 

year (5 MWh * 1,058 lbs/MWh * 1.05 = 5,555 lbs CO2e). 

Step 3. Value carbon reductions using Social Cost of Carbon 

The final step is to apply the SCC to estimate the monetary value of carbon reductions each 

year. Table 8 shows SCC estimates for different years, reported in 2024 USD (in present 

value terms, assuming a discount rate of 3%). Increases in the SCC in later years are in 
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addition to inflation; this is because increased damages will occur from carbon over time as 

population grows. The final step is to apply the SCC to estimate the monetary value of 

carbon reductions each year. Table 8 shows SCC estimates for different years, reported in 

2024 USD (in present value terms, assuming a discount rate of 3%). Increases in the SCC in 

later years are in addition to inflation; this is because increased damages will occur from 

carbon over time as population grows. 

Table 8. Social Cost of Carbon  

2020 – 2050, 2024 USD 

 

 

Figure 4. EPA eGrid Subregions. 
Source: U.S. EPA 2020 
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Additional air quality benefits and related health improvements 

In addition to GHGs, projects that result in energy savings also reduce emissions of 

sulfur dioxide (SO2), nitrous oxides (NOx), and particulate matter 2.5 (PM2.5). The U.S. 

EPA tracks emission rates for these pollutants for all power generation in the U.S. by 

region through the Emissions & Generation Resource Integrated Database (eGRID) 

and Avoided Emissions and Generation Tool (AVERT). 

NO2 and sulfur oxides (SOx) contribute to an array of adverse respiratory and 

cardiovascular effects. PM is linked to premature deaths, chronic bronchitis, asthma, 

respiratory infections, and other illnesses. The benefit of reducing these pollutants can 

be valued based on associated reductions in health care costs and/or WTP to avoid 

specific health outcomes. 

U.S. EPA’s Benefits Mapping and Analysis Program—Community Edition (BenMAP-

CE) relates air quality changes to public health improvements (and the monetized 

values associated with those improvements). It allows users to value emission 

reductions based on characteristics of the local population (e.g., age mix, density), 

geography, existing ambient air pollution levels, and power generation mix, among 

other factors. The table below shows EPA estimates for the avoided health care costs 

associated with removing one ton of pollution (2024 USD). 

 

 

 

 

3.5.3 Resources and guides 

WRF GSI TBL Tool contains a module that allows users to calculate the carbon reduction 

values associated with various GSI practices. 

National Green Roof Energy Calculator is an online tool that allows users to estimate the 

energy savings and other benefits of green roofs in 100 U.S. cities. 

i-Tree is a software suite developed by the USDA Forest Service that allows users to estimate 

the full range of benefits provided by trees and forests. It calculates carbon and pollution 

reduction benefits from trees and energy savings, in addition to other benefits. Depending 

on the module, users input tree characteristics, lifespan, and project details to place tree 

projects in a specific area. 

https://www.epa.gov/egrid
https://www.epa.gov/avert
https://www.epa.gov/avert
https://www.epa.gov/benmap
https://www.waterrf.org/research/projects/economic-framework-and-tools-quantifying-and-monetizing-triple-bottom-line
https://www.waterrf.org/research/projects/economic-framework-and-tools-quantifying-and-monetizing-triple-bottom-line
https://greenroofs.org/green-roof-energy-calculator
https://www.itreetools.org/about
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3.6 Economic Development 
Larger nature-based projects, green streets, and/or projects that distribute GSI across our 

neighborhoods can enhance community aesthetics, spur economic development, and 

support community cohesion. 

3.6.1 Overview and information needed 

Economic benefits to businesses 

Greening multifamily residential buildings, shopping areas, and commercial corridors can 

increase neighborhood aesthetics, which in turn can increase rental rates and retail sales1.1 

Several studies have found that GSI and similar nature-based improvements attract more 

customers, enhance customer experiences, and create reputational value for the business10 

Studies looking at the effect of greening urban business districts and strip malls have 

concluded that consumers are willing to pay a premium on products, visit stores and 

restaurants more frequently, or travel farther to shop in areas with attractive landscaping, 

good tree cover, or green streets1.3 

Community enhancements and economic development 

Nature-based resilience projects can provide significant quality of life and neighborhood 

improvement benefits when specifically designed for this purpose. For example, programs 

that pair stormwater management opportunities with vacant lot revitalization, community 

gardens, safe routes to schools, or neighborhood parks and green spaces can result in 

multiple benefits for residents, including human health benefits, community cohesion, and 

improved economic vitality1.4 Larger-scale GSI projects such as stream restoration or other 

projects that create recreational opportunities can attract new businesses, spur 

investments, and provide recreational opportunities that attract visitors11 

Value of neighborhood improvements 

The value of nature-based improvements for local businesses and residents are often 

reflected in increased property values or rental rates, and/or enhanced economic activity 

(e.g., increased economic output or sales). The documentation associated with the WRF GSI 

 
10 Wolf, K. 2005. Trees in the Small City Retail Business District: Comparing Resident and Visitor Perceptions. Journal of 

Forestry Vol 103(8).; Cinderby, S. and S. Bagwell. 2018. 

Exploring the co-benefits of urban green infrastructure improvements for businesses and workers wellbeing. Stockholm 

Environment Institute; Wolf, K.L. 2009. Strip malls, city trees, and community values. Arboriculture & Urban Forestry 35 (1): 33-40; 

[iv] Bisco Werner, J.E., J. Raser, T.J. Chandler, and M. O’Gorman. 2001. Trees Mean Business: A Study of the Economic Impacts of 

Trees and Forests in the Commercial Districts of New York City and New Jersey. National Urban & Community Forestry Advisory 

Council. 
11 Clements, J., J. Henderson, A. Flemming. 2021. Economic Framework and Tools for Quantifying and Monetizing the Triple Bottom 
Line Benefits of Green Stormwater Infrastructure. The Water Research Foundation Project #4852. 
Santo, R., A. Palmer, B. Kim. 2016. Vacant lots to vibrant plots: A review of the benefits and limitations of urban agriculture. 

Johns Hopkins Center for a Livable Future; Parsons, B., L. Marshall, M. Buckley, J. Loos. 2020. Economic Outcomes of Urban 

Floodplain Restoration: Implications for Puget Sound. American Rivers. 

https://dx.doi.org/10.1111/area.12361
https://clf.jhsph.edu/sites/default/files/2019-01/vacant-lots-to-vibrant-plots.pdf
https://www.americanrivers.org/wp-content/uploads/2020/06/AR-Economic-Outcomes-Report.pdf
https://www.americanrivers.org/wp-content/uploads/2020/06/AR-Economic-Outcomes-Report.pdf
https://www.americanrivers.org/wp-content/uploads/2020/06/AR-Economic-Outcomes-Report.pdf
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TBL Tool reports that well designed nature-based solutions can increase single family home 

values by as much as 7% to 12%, depending on the type of improvement, but that most 

estimates seem to range from 1% to 5%.  

A study published by the Natural Resources Defense Council (NRDC) reports the following 

benefits from GSI projects for office buildings, multi-family residential buildings, and retail 

centers based on the following estimates from the literature: 

• Multi-family residential property values increase from 2 to 5% 

• Shade & landscaping increase rental rates for office buildings by 7% 

• Rents in multifamily residential buildings with green roofs can be upwards of 16%, but 

typically within the range of 7 to 10% 

• Shoppers willing to pay 8 to 12% higher prices for shopping in areas with tree 

canopy12 

3.6.2 Estimating benefit values 

Community enhancement benefits 

(measured through increased property values) 

To measure the value of aesthetic improvements associated with nature-based solutions 

and green spaces, economists typically employ “hedonic pricing” methods, which use 

statistical analysis to estimate the effect of different factors on the price of a home or 

property. Hedonic models attempt to isolate the effect of a specific characteristic, such as 

proximity to GSI, on a property’s market value by controlling for all other factors. Developing 

hedonic models to assess property value increases is a time-consuming and resource 

intensive task. For a high level benefits assessment, practitioners can apply findings from 

existing well-executed studies on this topic. This approach is known as benefits transfer. 

The following describes key steps and considerations for applying benefits transfer in this 

context. 

Step 1. Identify the properties affected by the project. 

This step involves applying professional judgement to identify the properties that would 

likely realize an increase in value because a GSI or other nature-based resilience project is 

located nearby. Factors to consider include the scale of the GSI project, the level of existing 

green space, landscaping, and/or tree canopy in the area, and any amenities provided by the 

project. For example, a green roof or rain garden located on a property might influence only 

the value of that property, while a green street or public open space would have a much 

greater impact, including for adjacent properties and beyond. In evaluating the effect of 

distributed GSI, a study conducted in Philadelphia found property value increase for projects 

 
12 Clements, J. and A. St. Juliana. 2013. The Green Edge: How Commercial Property Investment in Green Infrastructure Creates 

Value. Natural Resources Defense Council. 

https://www.nrdc.org/sites/default/files/commercial-value-green-infrastructure-report.pdf
https://www.nrdc.org/sites/default/files/commercial-value-green-infrastructure-report.pdf
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located within a quarter mile of GSI improvements. 

Step 2. Estimate property value baseline for single family and multi-family properties 

This information can be obtained from the American Community Survey (ACS), at the city or 

even Census tract level. The WRF GSI TBL Tool offers a methodology and specific 

instructions for accessing and applying this data. Alternatively, many utilities may have 

access to more comprehensive local databases, such as through the County Assessor’s 

office that will allow them to calculate baseline residential and commercial property values. 

Online tools such as Zillow, which estimates home sale prices can also be used to estimate 

baseline property values. 

Step 3. Apply property value increases to the aggregate value of affected properties. 

The percent property value increase that might be expected from a nature-based resilience 

project(s) also requires some level of professional judgment. As in Step 1, factors include the 

type and scale of the project, the level of existing green space, landscaping, and/or tree 

canopy in the area, and any amenities provided by the project. Table 9 provides a range of 

estimates from the literature for property value increases associated with different types of 

nature-based practices. 

As an important note, the property value increases associated with nature-based projects can 

reflect WTP for a range of benefits. Thus, property value increases also likely capture other 

project benefits, such as related to recreation or flood risk reduction. As a rule of thumb, 

applying 50% of total property value benefits when summing benefits across categories can 

help to avoid double counting. 

Table 9. Range of property value increases from GSI and nature-based 

practices, based on literature review of hedonic studies 

 

Economic impacts 

Economic multipliers or more comprehensive EIAs can be used to examine the impact of 

increased economic activity within a region. For example, an EIA can estimate how 

increased visitor spending associated with an improved recreational site flows through the 

local economy, creating positive economic output and employment impacts. These same 

methods and tools can be used to estimate the effects of value added development or 

increased retail that occurs within a city or town because of a comprehensive nature-based 
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project. 

To estimate the economic impacts associated with a resilience project, a team can utilize 

state- or local- (e.g., County) level economic multipliers (e.g., published by the Bureau of 

Labor Statistics and the Bureau of Economic Analysis) or more comprehensive input-output 

models such as IMPLAN ,which is available (for purchase) for every county in the U.S. 

Multipliers and input-output models capture the ripple effects associated with increased 

economic activity in a local region, including direct, indirect, and induced impacts. For 

example, a resilience project that increases recreational opportunities (such as the 

campground restoration in Kewaunee) and attracts visitors from outside the region, results 

in increased tourist spending (direct effects). Businesses that benefit from this increased 

spending purchase supplies from other local industries (indirect effects). Households 

employed by impacted businesses and industries benefit from this additional activity and 

often spend more money (in aggregate) in the local economy as employment increases 

(induced effects). Economic impacts are different than economic benefits (as they 

represent a transfer). Economic impacts (and particularly indirect and induced effects) 

should not be added to economic benefits used for benefit cost analysis purposes. Use of 

multipliers and input-output models typically require some level of expertise with EIA 

concepts to ensure the methodology is correctly applied. 

3.6.3 Resources and guides 

WRF GSI TBL Tool contains a module that helps users quantify the property value increases 

associated with GSI projects, walking users through data sources and key considerations 

for applying benefits transfer in this context. 

IMPLAN is a cloud-based economic input-output model that allows users to calculate 

economic impact assessments at various scales. Data and modeling is available for all 

counties within the U.S. for purchase. 

GSI Impact Hub Guide to Understanding and Monetizing the Job Creation and Economic 

Development Benefits of Green Stormwater Infrastructure (2024). 

 

https://www.waterrf.org/research/projects/economic-framework-and-tools-quantifying-and-monetizing-triple-bottom-line
http://implan/
http://implan/
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APPENDIX A: RESOURCES AND GUIDES OVERVIEW 
The following resources and guides are referenced in the sections above for quantifying 

environmental and economic benefits of green infrastructure practices. Table 9 organizes the 

resources for easy comparison to estimate a specific benefit value. View the complete list of 

resources and guides below. 

Table A-1. Resource and Guide Reference Table 
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APPENDIX B: BENEFIT VALUATION RESOURCES 
Water Research Foundation (WRF) Green Stormwater Infrastructure Triple Bottom Line Tool 

(Green Infrastructure TBL Tool) is an Excel-based benefit-cost assessment tool that allows 

users to quantify the financial, social, and environmental benefits of green infrastructure 

solutions. The green infrastructure TBL Tool contains a module that allows users to estimate 

the avoided infrastructure costs associated with more traditional gray infrastructure 

projects for stormwater management, including projects that reduce flood risk and improve 

water quality. 

Federal Emergency Management Agency (FEMA) tools for estimating benefits of flood risk 

reduction projects. HAZUS, managed by FEMA’s Natural Hazards Risk Assessment Program 

provides standardized tools and data for estimating risk from earthquakes, floods, tsunamis, 

and hurricanes. Hazus software is distributed as a GIS-based desktop application with a 

growing collection of simplified open-source tools. 

HAZUS, managed by FEMA’s Natural Hazards Risk Assessment Program provides 

standardized tools and data for estimating risk from earthquakes, floods, tsunamis, and 

hurricanes. Hazus software is distributed as a GIS-based desktop application with a growing 

collection of simplified open-source tools. 

FAST, Flood Assessment Structure Tool rapidly analyzes building-level flood risk using the 

Hazus flood model methodology. 

Benefit-Cost Analysis Toolkit method that determines the future risk reduction benefits of 

a hazard mitigation project and compares those benefits to its costs. FEMA requires that 

hazard mitigation projects be cost-effective to the federal government; therefore, the project 

must demonstrate a Benefit-Cost Analysis (BCA) that compares the net present value of a 

project’s future benefits and costs. 

Ecosystem Service Values (June 2022) provides ecosystem service values for a range of 

categories, including habitat and pollination, by land use type. 

US Army Corps of Engineers (USACE) National Structure Inventory (NSI), a repository of 

structure point data containing building-level attributes in a GIS base layer that can be used 

for this purpose. (NSI) includes information about the location, type, and value of buildings 

and infrastructure. 

US Amy Corps of Engineers (USACE) Unit Day Value method can be used to estimate direct 

use values. 

Environmental Valuation Reference Inventory (EVRI) is a searchable database of summaries 

of environmental and health valuation studies. The EVRI is a Canadian-run resource that 

provides information on the economic value of environmental benefits and human health 

https://www.waterrf.org/research/projects/economic-framework-and-tools-quantifying-and-monetizing-triple-bottom-line
https://www.fema.gov/flood-maps/products-tools/hazus
mailto:FEMA-NHRAP@fema.dhs.gov
https://www.fema.gov/sites/default/files/documents/fema_flood-assessment-structure-tool.pdf
https://www.fema.gov/grants/tools/benefit-cost-analysis
https://www.fema.gov/sites/default/files/documents/fema_ecosystem-service-value-updates_2022.pdf
https://www.hec.usace.army.mil/confluence/nsidocs/nsi-technical-documentation-50495938.html
https://drive.google.com/file/d/1bcMkKPHt9gHSwOnNjiEYW6Qd2S_uYuad/view
https://evri.ca/en
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effects. The database includes summaries of over 5,000 valuation studies, with information 

on the study location, the environmental assets being valued, the methodological 

approaches, and the estimated monetary values. 

The Oregon State Recreation Use Values Database is Excel workbook that identifies more 

than twenty-one activity types based on recreation use value estimates measured by the net 

willingness- to-pay or consumer surplus for recreational access to specific sites, or for 

certain activities at broader geographic scales (e.g., state or province, national) in per person 

per activity day units. 

i-Tree is a software suite developed by the USDA Forest Service that allows users to estimate 

the full range of benefits provided by trees and forests. It calculates carbon and pollution 

reduction benefits from trees and energy savings, in addition to other benefits. Depending 

on the module, users input tree characteristics, lifespan, and project details to place tree 

projects in a specific area. 

National Green Roof Energy Calculator is an online tool that allows users to estimate the 

energy savings and other benefits of green roofs in 100 U.S. cities. 

IMPLAN is a cloud-based economic input-output model that allows users to calculate 

economic impact assessments at various scales. Data and modeling is available for all 

counties within the U.S. for purchase. 

Green Infrastructure Impact Hub Guide to Understanding and Monetizing the Job Creation 

and Economic Development Benefits of Green Stormwater Infrastructure (2024). 

The US Census Bureau American Community Survey (ACS) data contains household level 

information that can be used as WRF Tool inputs. Necessary information can be found in a 

Census area’s location profile, which are one of the first results when searching for a place. 

Alternatively, ACS tables “B19013” and “CP04” contain data on median household income 

and total households, respectively. Applying the impacted location as a filter on the Census 

data website yields the data for the relevant location. 

https://recvaluation.forestry.oregonstate.edu/database
https://www.itreetools.org/about
https://greenroofs.org/green-roof-energy-calculator
https://implan.com/
http://www.gsiimpact.org/
http://www.gsiimpact.org/
http://www.gsiimpact.org/
https://data.census.gov/
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