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Introduction
The Business Case Evaluator (BCE) has been developed to enhance the EnvisionTM rating system, adding the ability for the EnvisionTM system to 
provide value-based and risk-adjusted analyses of infrastructure projects. The current iteration of the BCE tool is designed to be applied to
stormwater management projects. This document helps users apply the BCE tool to projects, while also explaining the capabilities and identifying
the limitations. 

The steps have been numbered. For the input pages, the numbered steps in this manual correspond to the numbers for each input on each input
page in the Excel worksheets. For the output pages, screenshots have been taken, and the important components of each screenshot have been
surrounded by red boxes and numbered. 

Model Inputs
It is important to remember that not all inputs in the BCE need to be filled out in order to run the model. 

For most projects, there will likely be several input categories that are not relevant. If this is the case, or the user does not have reliable informa-
tion for a specific input, it can be left blank. For example, “Expected Number of Full-time Employees During Operations Stage” may not be 
relevant to a small stormwater management project, therefore this set of inputs could be left blank. As a general rule, the more inputs that are
filled out with accurate information, the more reliable the results will be in reflecting the true costs and benefits of the project. 

Most of the inputs include the capability of indicating a low, most likely (or expected), and high value for each variable. These ranges provide the
basis for the risk assessment in the model, allowing the user to indicate uncertainty around values. If the user has a specific value for an input,
they can simply enter a value for the “most likely value”, leaving the low and high value boxes blank. In the case that the user has only low and 
most likely values, the high value can be set as equal to the most likely value. Similarly, if the user has only the expected and high values, the
low value can be set as equal to the most likely value. 

Input Risk Ranges
For each input that has the option of entering a range of values, the user can also indicate the “Distribution Type”, around those values. The 
options in the BCE include “Normal, 95% CI”, “Pert”, and "Triangular" distributions. 

The “Normal, 95% CI” option means that the Low and High values will surround a range containing 95% of the potential values for that input. In
other words, there will be a 2.5% probability that the value for that input will be lower than the Low value, and there will be a 2.5% probability
that the value for that input will be higher than the High value. This distribution is useful if a range can be identified with high confidence but
without certainty. The distribution that is fitted to the three inputs will be a symmetrical, bell-shaped curve.

The second distribution type is the “PERT” distribution. The pert distribution is best to use when the user does not expect that the value of the
input will ever be lower than the Low value indicated or higher than the High value indicated. Essentially, the PERT distribution ensures that the
Low and High values are the extremes and it assumes a 0% chance that the input will ever be outside of the contained range. This distribution is
useful if a range can be identified with certainty. This distribution can be, but need not be, symmetrical. If the weight of evidence is towards the
upper or lower inputs a skewed curve will be fitted.

The third distribution type is the "Triangular" distribution. Similar to the PERT distribution, the triangular distribution is most appropriate when
the value of the input is never expected to be lower than the low value indicated, nor higher than the high value indicated. The Triangular 
distribution can also be non-symmetric. The difference between the PERT and triangular distributions is that the triangular distribution assumes
equal weighting between the low, expected, and high values, while the PERT distribution gives the most likely value four times the weighting of
the low and high values. 

Walk-Through Introduction
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Spreadsheet Conventions and Navigation
There is a color coding scheme to the model that runs throughout all the spreadsheets. The key for this color coding scheme can be found at
the top of the “Location and Project Dates” sheet. A screenshot of the key can be seen below: 

Baseline Information – Location and Project Date

A closer look at the key can be seen below:

Any cell that is shaded in red is an input that can be modified by the user. In the results pages, important results are shaded in yellow, 
while calculations cells are shaded in grey. The only cells in the model that should be manipulated in any way by the user should be the 
cells shaded in red, unless otherwise specified.  

Opening the Excel Workbook
When first opening the Excel workbook, it is important that editing and content are both enabled. This can be completed by selecting the 
“Enable Editing” and “Enable Content” buttons when prompted. These buttons are usually embedded in a yellow band near the top of the window,
or they may popup in dialogue boxes that require your permission. An example of how this might look is shown in the screenshot below: 

Conventions & Navigation
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PART I: INPUTS PAGES

Page 1 (“Location and Project Dates”)
1. The first set of inputs requires the user to enter the project’s name, the current year, and the location of the project. The project’s name 

has no limitations and is at the discretion of the user. The current year is important in determining value projections in current year 
values. For the location, it is important that the user inputs the country first, then the state/province and lastly the city the project is in. 
The city list is contingent on the state/province selected and the state/province list is contingent on the country. If the project’s town or 
city is not included in the city dropdown list, please select the town or city that is closest to the project’s location. 

2. This is where the user can indicate the planned date for project construction, the duration of construction and the lifespan of the project. 
Note that these inputs are all required (at a minimum, an expected value for each date must be input for the model to run). For the 
planned date of project construction, it is important that the user inputs the month first, then the day, then the year as the day list is 
contingent on the month selected.

Page 2 (“Project Design Components”)
3. The first, and potentially most important, set of inputs requires the user to indicate which Low Impact Development (LID), or green 

infrastructure components, are expected to be included in the proposed project. Some of these inputs require specific guidance, and are 
explained below:

a. Area of project: this input requires the user to indicate the total number of acres of the entire project.

b. Total number of new trees planted: this must be the net new trees planted as a result of the project. If trees are cut down or removed, 
these must be subtracted from the total number of new trees planted. This number is important in evaluating the project’s impact on 
air pollution and carbon emissions.

c. Average tree diameter at breast height (4’ 6” high = diameter at breast height “D.B.H.”) – This input refers to the average diameter
of all of the new trees planted in this project, and it must be reported in inches. As with the “Number of new trees planted”, this value
is important in evaluating the project’s impact on air pollution and carbon emissions.

d. Dominant soil type for lawns and forest/wooded area – This information is required calculate the average curve number of the site. If 
the soil  types are not known, selecting “Unknown” from the cell dropdown lists will default the model to averaging out the curve 
numbers that would be generated from each of the four soil types.

e. The number of years remaining until your current roof needs to be replaced - This input is only required if the project involves the 
installation of a green roof. It's purpose is to ensure that the BCE uses the correct reference case when calculating the costs and 
benefits of green roofs. If the green roof is to be installed on a new building, or if the old roof needs to be replaced and the installation 
of a green roof in its place is under consideration you should enter 0 this input. This ensures that the BCE estimates all the costs and 
benefits relative to installing a new 'traditional' roof. If a number greater than 0 is input the base case is assumed to be the 'do 
nothing' case of maintaining the current roof until it needs to be replaced 

4. This input group allows the user to provide information on the project site’s water retention and flow characteristics. This includes
peak capacity (in cubic feet) of any LID feature, if applicable, on the site. These input require both the current maximum capacity and 
the planned maximum capacity for each LID feature. Note if the project site does not currently have a specific LID feature simply 
enter ‘0’ into the current column. 

The current and change in the peak discharge of grey infrastructure are the final inputs on this page.  They refer to the discharge from 
any stormwater drainage systems that would be directly removing water from the project site during a large storm event.

Inputs
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Page 3 (“Cap Ex and O&M Costs”)
5. This input allows the user to enter capital expenditure information for construction labor and traditional infrastructure or “grey” 

components. These grey components include all capital costs that are not part of the construction of a green component. For example, 
if the project requires the repaving of a parking lot beside a retention pond then the cost for paving the parking lot should be entered 
in this input. This input also allows the user to input the cost of land that must be bought for the project. If no land needs to be bought 
this input should be left blank. Finally you can input the estimated number of construction workers required for the project. If a 
number is not inputted here the after tax wage transfer and income tax transfer categories will be underestimated.

Note that all cost values must be entered as positive numbers. So if the grey components will cost $50,000, it must be entered 
as $50,000, not -$50,000. 

6. Some sections in the BCE refer to “Current” costs (such as current O&M costs, current energy costs, etc.). These sections only need to 
be filled out if the proposed project is not a new piece of infrastructure. In other words, if the project is replacing or renewing an 
existing piece of infrastructure, then these sections need to be filled out as fully as possible. These inputs refer to the reference case, 
essentially providing baseline values for some of the costs or benefits. The reference case can also be thought of as the status quo or 
the “do nothing” scenario.

These “Current” inputs require the user to indicate what the operations and maintenance (O&M) costs are in the reference case, as well 
as their expected growth rates. This is important to estimate the true costs of the reference case, or maintaining the status quo. 
For example, the proposed project may be renewing a piece of infrastructure that is aging and falling apart. In this case, this input 
would allow the user to indicate the high level of O&M costs, as well as the associated annual growth rate in these costs, which may 
also be very high. Note that the growth rate in these costs is the nominal growth rate, hence it includes inflation.

The last two inputs require the user to input the percent of operating and maintenance costs which are paid to labor in both the 
reference case and during the project. This number should be entered as a percentage. If a number is not inputted here the after tax 
wage transfer and income tax wage transfer categories will be underestimated. 

7. The remaining inputs in this section provide the user with the opportunity to indicate the capital costs for the green components of 
the project. The user will have a choice amount the following options:

If the user is unsure of the capital costs, they can select “Use BCE Estimated LID Costs” and the model will estimate them based on 
stored cost estimates for different green components, incorporating the green components that are included in the project and how 
much of each one is expected to be included. If the user has a total cost estimate, and the value is not broken down by component they 
can select “Use User Inputted Costs for Total Green Construction Costs”. When this option is selected the values for the total green 
construction costs and total annual O&M costs for the project estimated by the BCE can be overridden by entering new values into 
input 7. Note these values should only be overridden if you have a cost estimate. 

If the user has construction and O&M cost estimates for some, or all, of the green components in the project they can select
“Input Costs by Over-writing BCE Defaults”. If this option is selected the user can override the costs for each feature into inputs 8 and 9. 
If a cell is left unchanged for a component then the cost for that component will be automatically estimated by the model. This allows 
the user to input the costs for some components while having the model estimate the costs for others. The user can also alter the 
distribution type and range of the costs using this option.

For the analysis to run properly a cost estimate greater than 0 must be inputted. Therefore if the costs are not known it is advised 
that the user ensure the “Use BCE Estimated Costs” option is selected. 

Inputs
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Page 4 (“Revenues, Lifespan, Decommission”)
10. This requires the user to estimate both revenues in the reference case and after the project is operational. The reference case, or 

current revenues value, sets a baseline so that if revenues for the proposed project are expected to change, the relative value can be 
assessed. If revenues are not relevant to the project, if they are unknown, or if they are not expected to change in the proposed project, 
then these inputs should be left blank. 

11. If the installation of an LID feature results in a change in the lifespan of an asset the user can indicate the expected value of this 
change here. For example, a green roof has been shown to extend the life of waterproofing membranes on the roof by 20 years or more. 
This reduces the frequency the asset needs to be replaced, avoiding the costs of additional replacements over the operational life of 
the project. On the other hand, if the LID feature installed has a lower life span than traditional infrastructure then the replacement 
costs will be higher. This value should be estimated in current year, present value dollars and inputted as a positive number. The user 
can select whether the project results in an extension or reduction of the lifespan of the asset and this will alter if the value is 
considered a net cost or a benefit. Note: For green roofs the model calculates the value due to the extended lifespan of the roof 
automatically, so please don't input any values resulting from a change in the lifespan of a roof due to the installation of a green roof. 

12. Input 12 allows the user to indicate what the decommissioning costs are expected to be. This value should be estimated in current
year dollars. As with capital expenditures and O&M costs, the cost should be written as a positive number. So, a cost of $100,000 would
be written simply as $100,000 rather than -$100,000.

Inputs
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Inputs

Page 5 (“Funding, Subsidies, and Other”)
14. The first input group in the “Funding, Subsidies, and Other” page refers to information about funding for the project. The purpose 

of this set of inputs is to determine the project’s overall weighted average cost of capital (WACC). This input is used to calculate the 
present value of all costs and benefits in the model if and only if the user selects "Use the WACC as the discount rate". Otherwise the 
default discount rate will be used in the analysis; which is set equal to the real social discount rate, otherwise known as the Social 
Opportunity Cost of Capital. If the project proponent is a private entity it may then be appropriate to select "Use the WACC as the 
discount rate" and use the private discount rate, or WACC, instead of the social discount rate.  

The user has two options to input the WACC. The first is to input the funding information and have the BCE estimate the relevant 
WACC for the user. There are four possible funding sources that are included in the table. They include taxes, grants/donations/
fundraising, equity, and debt. The percent of funding that is coming from each source must be indicated for each source. When the 
table is completed, all funding sources should add up to 100%. If they do not add to 100%, there will be a highlighted row indicating 
that there are funds missing. The second is to input the relevant WACC directly; if a value is inputted directly then the BCE calculated 
value will be overridden. In the case that the user inputs an error into these cells, the default discount rate (the social opportunity 
cost of capital) will still be used. A screenshot of these inputs can be seen below:

This warning automatically loses its shading and is modified to read, “The total funding for the four sources adds to 100%” when filled 
out correctly and completely. 

For equity financing, the user must estimate what the required rate of return is expected to be. Similarly for debt financing, the user must 
indicate what the interest rate on the debt will be. Note that for taxes and grants/donations/fundraising, the required rate of return is 
assumed to be 0%. 

After the table is filled out, the WACC, shown at the bottom of the table, will automatically calculate to the appropriate value and is then 
used throughout the model.
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Inputs

15. If the reference case includes the benefit of annual subsidies being collected, this input provides the opportunity for the user to indicate the 
value of these subsidies. This should be left blank if there are no subsidies being collected, if the value is unknown, or if they are not expected 
to change in the proposed project.

If any one-time subsidy will be gained from the construction of the new project, this can be indicated in this group of inputs. In addition, 
if any recurring subsidies are expected to be different after the project is in operation than in the reference case, the user can indicate the 
new expected recurring subsidies in the cell provided.

16. There may be direct financial costs or benefits that are associated with the project that were not captured by any of the other input groups. 
If this is the case, the present value of these costs or benefits can be input into this section. There is also an option to input a discount factor 
for the value of “Other Benefits” claimed from the project. This is in an effort to avoid double counting the benefits with other benefits in the 
model. As an example, the user could have attempted to quantify reduced noise pollution as a result of enhanced local green space. However, 
part of this benefit may already be counted in the “Property Values” benefit. Hence the user may apply a 30% discount factor to this, which 
would essentially mean that the value of that benefit would be input into the model at 70% of its face value. 

Note that the description of the cost or benefit is for logging purposes only and is not incorporated into the output of the model.
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Page 6 (“Resource Usage and Waste”)
17. Energy usage in the project is incorporated into the model in several costs and benefits, including direct financial costs of energy,

the impacts on CO2 emissions, and the impacts on air pollution. However, as with several of the other input groups, this information 
only needs to be provided by the user if it is going to be changing with respect to the reference case. If the project uses no energy or the 
usage is remaining the same for all energy sources, these inputs can be left blank. Note the units that energy usage must be logged in 
(e.g. MWh/year for electricity usage). In addition, costs need to be input as positive numbers. 

18. If the project allows for the reuse of stormwater onsite, the amount of water reused can be input here. This input requires the user to 
select the water resources region their project is in based off of the map provided by the US Geological Survey. This input is needed to 
calculate the social value of water, which is region dependent. The map, seen below, can also be extended across international 
boundaries as "the boundaries of the cataloging and accounting units are hydrological in nature [and] can be extended into Mexico 
and Canada." [*] We recommend selecting the following regions for the different areas of Canada:

• British Columbia – region 17;
• Alberta and Eastern Saskatchewan – region 10;
• Western Saskatchewan, Manitoba, and the Kenora area of Ontario – region 9;
• Ontario, excluding the Kenora area, and Quebec, up to and including Montreal – region 4;
• Quebec, east of Montreal, and the Maritime provinces – region 1;
• The Territories and Northern communities – region 19.

Additionally, if water costs are expected to be different after the project is in operation than in the reference case, 
the user can indicate the previous and expected costs in the cells provided.

19. If the costs of any materials required by the facility/project are expected to be different after the project is in operation than in the 
reference case, the user can indicate the previous and expected costs in the cells provided.

20. If the costs of waste treatment or disposal are expected to be different after the project is in operation than in the reference case, 
the user can indicate the previous and expected costs in the cells provided. 

Inputs
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Page 7 (“Recreational Use”)
21. If any part of the facility or project is intended to be used for recreational purposes, the extent of recreational use can be indicated 

in this input group. The answers to the questions in this group of inputs are used to calculate the value of that recreational space, as 
perceived by its users. 

Page 8 (“Water Quality and Wetlands”)
22. Water quality improvements are incorporated into the BCE by using Vaughan’s water quality ladder, which can be seen on the input 

page. If there is a large body of water in the local area and the project is likely to produce a change in water quality in that body of 
water, the user can indicate the expected extent of that change, as determined by the water quality ladder. Use of the sliding scales 
ranges from 0 to 10 with precision to two decimal places. 

23. If wetlands are being created or restored as a part of the proposed project, the user must indicate the type of wetland, location 
(inland or coastal), if the created/restored wetlands are going to be a part of a larger system, and, the estimated acreage of the 
total wetlands system. 

24. To most accurately value any wetlands being created or restored, the user must indicate the functions of the wetlands. If the functions 
of the wetlands are unknown or if none of the listed wetland functions are applicable, the user can simply indicate “No” for all 
wetland functions. 

Page 9 (“Air Emissions”)
27. The final inputs group relates to CO2 emissions and air pollution. First, the user must indicate whether the project will be located 

in an urban, or rural environment. Then, if trees are being planted, the user must indicate the estimated exposure to light for the trees. 
This requires the use of judgement, and it must be estimated on a scale of 1 to 5, with 1 representing a low exposure to light 
(e.g. a tree in a dense forest) and 5 representing maximum exposure to light. The last inputs require the user to estimate the average 
and maximum lifespan of trees planted, in years. 

Inputs
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PART II: USER-DEFINED MODEL INPUTS 

Page 1 – Model Variable Values (“Model Variable Values”)
The “Model Variable Values” page shows most of the default values in the spreadsheet and provides the ability for the user to modify the
default values if they choose. For example, the default rate of inflation in the model is set to the OECD long-term forecast for both Canada
and the US. If the user inputs a different value, say 3%, this value become the value that will be used throughout the model. This example
can be seen in the screenshot below: 

Note that the default values should only be replaced by user-defined values after careful consideration. 

Inputs
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PART III: RESULTS

Page 1 – Monte Carlo Simulation (“Results- Monte Carlo Simulation”)
A screenshot of the key components on this worksheet can be seen below: 

1. The BCE has a Monte Carlo Simulation programmed into the model so that the results of the model can be risk-adjusted. Before running 
the Monte Carlo Simulation, the user must select whether they would like to run a “Quick Monte Carlo” or “Detailed Monte Carlo” 
simulation. The difference between the two is the number of iterations. The quick Monte Carlo simulation runs 100 iterations, while the 
detailed simulation runs 1000 iterations, producing a more precise result. It is recommended that the model first be run using the quick 
Monte Carlo simulation as a test run. The table to the right of the chart, titled “Approximate Time for Detailed Simulation” will then 
estimate the total time for the longer simulation. 

2. After indicating the desired length of the run, clicking on the button labeled “Run Full Monte Carlo Sim” will prompt a popup window. 
Pressing “Run” on the popup window will then initiate the simulation. Once the simulation is started, it will be required to run to 
completion before the spreadsheet will be active again. Avoid the use of other computer programs while the simulation is running. 

3. A button labeled “Clear Last Monte Carlo Results” is also available to clear results from this worksheet if the user wants a fresh 
start to the page. 

Results
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Page 2 – Summary (“Results – SUMMARY – Risk Adj”)
There are no user inputs on this page. The cells and values on this page should not be manipulated by the user; they are for viewing 
purposes only. Results provided on this page include multiple different value metrics, a breakdown of value by stakeholder accounts, a
breakdown of value by EnvisionTM Credits, and multiple charts outlining the costs and benefits pertaining to the proposed project. 

Page 3 – Static Projections (“Results – Static Projections”)
There are no user inputs on this page. As with the Summary Results page, the cells and values on this page should not be manipulated by
the user; they are for viewing purposes only. Note that the values on this page are not risk adjusted; they assume that the most likely values
are used for every input in the model, and hence do not take into account any uncertainty in the values, as the other results do. 

Page 4 – Multiple Stakeholder Accounts Analysis (“Multiple Account Costs&Benefits”)
Scrolling down on the “Multiple Account Costs&Benefits” page will show a table where the user can indicate which costs and benefits can
be allocated to each stakeholder account. A screenshot of this table can be seen below: 

1. Each cost and benefit can have a maximum of three different stakeholder accounts allocated to it. There are already default values in 
the model, however the user has the ability to modify which stakeholders benefit from, or are responsible for, each benefit and cost, 
respectively. An important consideration is that a simple equal allocation mechanism is used. So, if another stakeholder account is added 
to a cost or benefit, the value from that cost or benefit is divided amongst all the stakeholder accounts allocated to it. For example, the 
“Residual Value of Assets” is automatically allocated as only “Direct Financial Value”, so 100% of its value is allocated to the “Direct 
Financial Value” account. However, if “Government or Taxpayer” was added, then 50% of its value would be allocated as “Direct Financial 
Value”, while the other 50% would now be allocated as “Government or Taxpayer” value. 

Results
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Page 5 - EnvisionTM Credits Value Allocation (“Envision Credit Costs&Benefits”)
Scrolling down on the “Envision Credit Costs&Benefits” page will show a table where the user can indicate which costs and benefits can be
allocated to each EnvisionTM Credit. A screenshot of this table can be seen below:   

1. Similar to the Multiple Accounts Costs and Benefits page, each cost and benefit can have a maximum of three different EnvisionTM

Credits allocated to it. There are already default values in the model, however the user has the ability to modify which credits gain 
the value from each cost or benefit.  

Results
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Business Case Evaluator
Documentation



Benefits and Approach

DESCRIPTION OF ECONOMIC BENEFITS AND APPROACH TO VALUATION

Economic Valuation Approach
To make a sensible comparison between green infrastructure, or low impact development (LID), and traditional grey infrastructure, 
or pipe and water processing facilities, one needs a common metric.  Engineering methods can often quantify the differences in gallons or
litres of water or kWh of electricity saved; economic methods help to put a price on these quantities so that monetary equivalent value
(price times quantity), or dollars, can be used in the decision-making.

Engineers have at their disposal tools to calculate water and energy saved from sustainable design. Valuation in terms of the social costs
(the damage or benefit to human health, buildings, crops, animals, and the environment) of the improvements is the missing link to value
the benefits of sustainable projects.

Because the economics is often similar across projects, we have codified the economics and made it available to designers and engineers 
so that they can understand the full economic value of their project. In this way engineers have access to tools that help them design the
project right. EnvisionTM attempts to help the design process so that the project is done right from a sustainability 
perspective. It also helps to make sure that the right project is done.

To compare the value and make decisions regarding the right project, one also needs to understand the risks associated with the choices.
The methodology adopted combines economic cost-benefit analyses with risk analysis so that risk adjusted values are 
calculated, allowing informed decision making.

Finally, infrastructure projects are complicated and affect stakeholders differently. The use of multi-account cost-benefit analysis provides 
a basis for understand who wins and who loses and what the basis is for cost, benefit or risk transfer. By identifying groups who, or sectors that,
do not benefit from a project, multiple account cost-benefit analysis helps the right project, done right, get done.

“Urban planners are often faced with difficult choices concerning watershed development. While their primary focus may 
be flood control and water quality, many projects have spillover or “external” effects that can enhance economic value at a 
relatively low marginal cost. Choices concerning landscaping, management practices, and size and accessibility of open 
space may directly affect the value of the project or indirectly affect value through aesthetic improvements and/or increasing 
biodiversity. Spillover effects are external to the market and assessing their value can be a challenge.” [1] 

BCE Links to EnvisionTM Credits
Most of the costs and benefits that are quantified in the BCE have links to credits in the EnvisionTM rating system. Some of these links are
strong (e.g. Recreational Use Value’s link to QL3.3 Enhance Public Space), and some of these links are possible but not always strong 
(e.g. Recreational Use Value’s link to QL1.2 Stimulate Sustainable Growth and Development). The full detailed mapping of the links between
the BCE and credits in the EnvisionTM system, along with the associated strength of each link, can be found in Appendix A.

[1]  “Economic Values for Open Space, Landscaping, Biodiversity, and Best Management Practices Associated with Urban Watershed Improvements: A Conjoint Study” Mary Riddel 
and Keith Schwer, p. A-4 as reproduced in “User’s Guide Watershed Management Techniques Economic Valuation Model”, Revised March 2010, County of Los Angeles, Department of Public Works,
Watershed Management Division
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Sometimes the services green infrastructure provides have no price that can be directly observed as the outcome of market transactions. 
Economics uses several methods to value these non-market externalities. The table below shows how the various benefits from wetlands 
creation can be valued.

Table 1. Examples of Valuation Techniques for Wetland Services

Table 1 Source: Adapted from David W. Pearce and R. Kerry Turner. 1990. Economics of Natural Resources and the Environment.
Baltimore: Johns Hopkins University Press. pp. 226-235

While methodologies for valuation may not vary for similar projects, often the values themselves will vary by region of the country or by 
income or demographics of those affected. By using meta-analyses that synthesize many studies, we hope to produce accurate results
through the inclusion of geographically specific variables that include, among others, local incomes, housing values, weather patterns, and
water quality.

As shown in the table above, non-market valuation methods are used to value things that people may never use:

nRevealed preference methods: Infer the value of a non-market good or service using other market transactions. For example, the price of a
house may be used to determine the value of transit services. Hedonic pricing methods start from the premise that the price of a good is 
a function of the service’s characteristics. A regression model then determines the contribution of each characteristic to the market price.

n Stated preference methods: Contingent valuation studies survey people on how much they are willing to pay to get access to a good 
or service or how much they would be willing to accept as compensation for a given harm or lack of access.

Market-based methods are used to measure value from the perspective of what you would have spent had you taken another approach:

n Avoided cost analysis: This methodology looks at “the marginal cost of providing the equivalent service in another way. For example,
rainfall retention and infiltration can offset a water utility’s cost to capture, transport, treat and return each additional gallon of runoff.”  [2]

Rather than the avoided cost of not building facilities, it may be more appropriate to consider the converse, what the cost of damages 
would be if the project does not go ahead.

Benefits and Approach

[2]  The Value of Green Infrastructure - A Guide to Recognizing Its Economic, Environmental and Social Benefits, Center for Neighborhood Technology 2010, p. 14, downloaded from: 
http://www.cnt.org/repository/gi-values-guide.pdf January 22nd 2013. (referred to as CNT below)
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Risk Analysis Approach
High, medium and low values from the literature are collected to reflect the range of uncertainty about inputs as well as their most 
likely values. A three-point estimation technique can then be used to construct a probability distribution representing the outcome of 
future events, based on limited information. These distributions are then an input into a Monte Carlo risk analysis following a 
cost-benefit approach. More information is provided in Appendix B. 

Social Discount Rate
The social discount rate, also known as the Social Opportunity Cost of Capital, is the expected rate of return forgone from other potential 
investments. This rate is used to discount the stream of future costs and benefits of the project into present value terms. Therefore the value
of the social discount rate can have a large impact on the sustainable NPV of the project. For U.S. government analyses the OMB 
recommends using both the time preference rate (which tends to be lower and is estimated at 3% in real terms on a pre-tax basis) and 
the opportunity cost rate (which is higher and estimated at a real pre-tax 7% rate, reflecting the foregone rate of return). The default rate
for U.S. projects is therefore set equal to 7%. For Canadian projects the default Social Opportunity Cost of Capital is set equal to the 
Canadian Federal Government estimate of 8%. More information on the social opportunity cost of capital is provided in Appendix G. 

Risk Analysis
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Use of EnvisionTM Business Case Evaluator
The business case evaluator aims to, as much as possible: 

n Be a comprehensively exhaustive list of economic benefits (where data exists). Avoiding double counting and correctly 
defining the scope of the project and the benefits, costs and risks to be counted is crucial to ensuring that the calculation is credible.

n To avoid error in the ultimate estimation of the total economic value associated with a given project, it will be important to 
avoid the potential error associated with counting a benefit associated with a given project more than once. We have tried to 
avoid the temptation to create a ‘grab bag’ of all possible benefits associated with these projects. We have focused attention 
on those benefits that are most readily monetized and where data is available. Economists often agonize over double counting 
and there are some rules of thumb that have emerged in cost benefit studies. For transit, for example, hedonic house price 
models that attempt to capture the benefit of access to transit that is embedded in houses prices might already be accounted 
for in travel time savings that are also counted as a benefit. In this case 50% of the property price increase is counted as 
incremental to the other benefits. The 50% rule has also been used for property uplift values in the Philadelphia stormwater 
management project evaluation. We have adopted the convention here as well.

n There is a need to provide a clear definition of the boundary for measuring the ‘project impact’ in order to consistently measure 
benefit/credits across categories. For instance, is the boundary of impact spatial or non-spatial? A clear understanding/method 
for estimating the project boundary will be needed. This will directly impact the inclusion/exclusion of project benefits/credits.

n Measure the risk associated with the business case costs and benefits.

n There are often many ways to measure the same benefit. Often, meta-analyses of benefits use studies that mix several 
techniques. In theory, willingness to pay (WTP) and willingness to accept (WTA) should give the same results but in experiments 
they have shown that measures of WTA greatly exceed measures of WTP.  As meta-analyses have done, we average results over 
several methodologies (but also capturing the range that is produced from these methodologies too). For a particular benefit, 
one methodology for measurement and monetization may dominate and in another a range of methodologies may be used. 
The objective is to use the state of the art in measurement of these externalities. In this regard transparency trumps consistency 
of one particular method. 

n Be a reference document that documents the sustainable return of the infrastructure project. The analysis is done 
relative to a reference case, which is equivalent to the status quo or a “do nothing” scenario. Often, refurbishment or increased 
operations and maintenance costs of an existing facility are required if a project does not go ahead. These expenditures should be 
included in the reference case. The evaluator also has the capacity for individual projects to be compared against each other, so 
that if a “do nothing” scenario is not a viable option, then results valuing different project options against each other may be obtained. 

Each cost or benefit that is quantified in the business case evaluator has been included in the Green Infrastructure (GI) or Low Impact 
Development (LID) because it: 

n Is significant on a list of costs and benefits that aims to be comprehensively exhaustive when describing the impacts of GI/LID projects,

n Has substantial literature surrounding its quantification so that reliable and consistent values can be obtained, even as the model is 
applied across different geographical regions.

Because of the risk and cost benefit framework, the use of the business case evaluator may fulfill some requirements for EnvisionTM credits.

Risk Analysis
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Model Testing
An earlier version of the model was run with the same inputs as the Philadelphia stormwater study to compare the model’s results against those
from a 169 page, city-specific study using custom analyses on each cost or benefit. The Philadelphia stormwater study was a reference for
the development of the Business Case Evaluator; hence all of the benefits that can be attributable to an LID project that are included in the 
Philadelphia stormwater analysis are also included in the Excel model. As a result, an apples to apples comparison could be conducted to provide
an idea of the accuracy of the automated, broadly applicable Business Case Evaluator.

The inputs used in the model were matched up as much as possible to those used in the Philadelphia analysis. The Philadelphia analysis 
calculates the benefits of investing in Low Impact Development LID in several scenarios, including a “grey infrastructure” option, a 25% LID
option, a 50% LID option, a 75% LID option, and a 100% LID option. The “50% LID” scenario was used as the comparison between the 
Business Case Evaluator and the Philadelphia analysis. Most of the values used as inputs in the Excel model were found in the study, 
although some assumptions were made due to insufficient information for some cost/benefit calculations. A full list of the inputs used in
the Business Case Evaluator compared with those used in the Philadelphia stormwater analysis can be seen in Appendix C. 

In addition to using the inputs specified in the study, some of the default calculation values used in the Excel model were adjusted to
match the assumptions in the Philadelphia study. For example, the inflation rate was changed from the default value of 3% in the 
Excel model, to the assumed value of 4% in the Philadelphia study. A full table showing the changes of the Business Case Evaluator’s
variables can be seen in Appendix D. 

The results from the comparison showed that the Business Case Evaluator produces cost and benefit values closely mirroring those from a 
large, custom, city-specific study. The net present value (NPV) of the benefits from investing in a 50% LID stormwater management project in
Philadelphia was found to be $3.02 billion (2012 USD) in the Philadelphia stormwater analysis, while the Business Case Evaluator found that 
the investment would yield an NPV of $3.16 billion (2012 USD), a 4.87% difference. The small difference in values is despite differences in 
calculation methodologies, supporting the notion that the methodologies used in the Business Case Evaluator produce robust, accurate values. 

Table: Philadelphia stormwater study vs the Business Case Evaluator
Shown above: The full table showing a breakdown of the values of the costs and benefits between the Philadelphia stormwater study 
and the Business Case Evaluator.

Model Testing

[3] Ibid.
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Low Impact Development (LID) or Green Infrastructure (GI) Initiative Descriptions
There are many stormwater control manuals available that have Low Impact Development (LID) or Green Infrastructure (GI) definitions. 
In the definitions below we have chosen a selection of these published by regulatory agencies, states and cities to provide both definitions 
for the LID/GI practices considered in the model and to provide a starting point for a researcher to investigate local regulations and best 
management practices (BMPs). Most of the links in the footnotes to these definitions have pictures and more extensive definitions than the
summaries provided here. Also, each source has multiple LID/GI definitions; we have selected just one from each.

LID/GI Measure

 
    

  
    

 
 

                        
                        

       [16] 
     

 
   

   
     

 
                        
                          

                  [17]

[

 
    

 
 

  
 

            
•         

                       
                         
            

     
 

 
    

   
 

 
                       

                         
                         

                       
                       [19] 
       

 
 

   
  

 

 
                           

                            
                        

                       
          [20] - edi     
      

 

  
    

                         
                             

[  
       

 
  

                        
                            

                        [11] 
      

 
 

  
 

                              
                       

                          [12] 
     

 
 

  
 
                              

                           
                              

                    [13] 
      

 
 

   
    

    

 
  

                            
                    

 
  

                        
                       [14]  

    
 

 
  

   
  

 

                    
                [15] 
     

practice.”  [4] 
from U.S. Environmental Protection Agency 
 
Bioswale 
“Bioswales are landscape elements designed to remove silt and pollution from surface runo! water. They consist of a swaled drainage cou rse with gently sloped sides 
(less than six percent) and �lled with vegetation, compost and/or riprap. The water's �ow path, along with the wide and shallow ditch, is designed to maximize the 
time water spends in the swale, which aids the trapping of pollutants and silt. Depending upon the geometry of land available, a bioswale may have a meandering or 
almost straight channel alignment. Biological factors also contribute to the breakdown of certain pollutants. A common application is around parking lots, where 
substantial automotive pollution is collected by the paving and then �ushed by rain. The bioswale, or other type of bio�lt er, wraps around the parking lot and treats 
the runo! before releasing it to the watershed or storm sewer.”  [5] 
From Wikipedia, the free encyclopedia 
 
Urban Grass Bu"ers  
“Bu!er strips are vegetated areas that reduce sediment loads from water �owing through them. Bu!er strips are aligned perpendicular to the water �ow. They are 
commonly used in conjunction with swales, living streams and constructed wetlands.”  [6] 
from the Government of Western Australia 
 

 
Bioretention  
(New - Suburban and 
Retro�t - Highly Urban) 

 
 “Bioretention areas, or rain gardens, are landscaping features adapted to provide on-site treatment of stormwater runo!. They are commonly located in parking lot 
islands or within small pockets of residential land uses. Surface runo! is directed into shallow, landscaped depressions. These depressions are designed to incorporate 
many of the pollutant removal mechanisms that operate in forested ecosystems. During storms, runo! ponds above the mulch and soil in the system. Runo! from 
larger storms is generally diverted past the facility to the storm drain system. The remaining runo! �lters through the mulch and prepared soil mix. The �ltered runo! 
can be collected in a perforated underdrain and returned to the storm drain system.”  [7] 
from U.S. Environmental Protection Agency 
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New or Restored Private 
Forested Area or State-
owned/Public Forested 
Area (Number and Size of 
New Trees Planted) 

 
 “Planting trees provides many services which have ecological, economic and social implications. Whether measured on a tree-by-tree basis or on a larger scale such 
as an urban forest, tree planting has a multitude of bene�ts. 
Reduces Stormwater Runo! ... 
Recharge ... 
Reduces Energy Use ... 
Improves Air Quality ... 
Reduces Atmospheric CO2 ... 
Reduces Urban Heat Island ... 
Improves Community Livability ... 
Improves Habitat ... 
Cultivates Public Education Opportunities ...”  [1]  
from Center for Neighborhood Technologies 
 

 
Bio!lter  
(Swales & Filter Strips)  
or Grass Strip/Filter 
Strip/Urban Grass 
Bu"ers/Bioswale    
(New or enlarged) 

 
 “Vegetative practices, also referred to as bio�ltration, use various forms of vegetation to remove pollutants by encouraging in�ltration into the ground, reducing 
runo! velocity and allowing particles to settle, thereby absorbing some pollutants. Such use of vegetation occurs in �lter strips, grassed swales, riparian areas, and 
landscaping of wet, dry and in�ltration basins. Vegetation is often employed as part of a BMP system, to remove particulates  and slow runo! before it enters another 
treatment device.”  [2]  
from Government of British Columbia 
 
Grassed swales 
“Grassed swales are shallow grass-covered hydraulic conveyance channels that help to slow runo! and facilitate in�ltration. The suitability of grassed swales depends 
on land use, soil type, slope, imperviousness of the contributing watershed, and dimensions and slope of the grassed swale system. In general, grassed  swales can be 
used to manage runo! from drainage areas that are less than 4 hectares (10 acres) in size, with slopes no greater than 5 percent. Use of natural, low-lying areas is 
encouraged and natural drainage courses should be preserved and utilized.”  [3] 
from U.S. Environmental Protection Agency 
 
Vegetated !lter strips 
“Filter strips are bands of dense vegetation planted downstream of a runo! source. The use of natural or engineered �lter strips is limited to gently sloping areas 
where vegetative cover can be established and channelized �ow is not likely to develop. Filter strips are well suited for tr eating runo! from roads and highways, roof 
downspouts, very small parking lots, and impervious surfaces. They are also ideal components for the fringe of a stream bu!er, or as pretreatment for a structural 

 
    

  
    

 
 

                        
                        

       [16] 
     

 
   

   
     

 
                        
                          

                  [17]

[

 
    

 
 

  
 

            
•         

                       
                         
            

     
 

 
    

   
 

 
                       

                         
                         

                       
                       [19] 
       

 
 

   
  

 

 
                           

                            
                        

                       
          [20] - edi     
      

 

  
    

                         
                             

[  
       

 
  

                        
                            

                        [11] 
      

 
 

  
 

                              
                       

                          [12] 
     

 
 

  
 
                              

                           
                              

                    [13] 
      

 
 

   
    

    

 
  

                            
                    

 
  

                        
                       [14]  

    
 

 
  

   
  

 

                    
                [15] 
     

  [4] 
     

 
 
                         

                           
                            

                      
                           

            [5] 
     

 
   
                         

            [6] 
      

 
 

  
(     

    

 
                        

                       
                         
                           

               [7] 
     

 
 

   
   
 

 
                               

  [8] 
     

 
  

                  
 

                     In the case of drainage 
t                  It can also refer to the we        

       [9] 
      

 
 

    
  

  

 
   
                      

                        

LID/GI  Measure De!nition  

 
    

   
  

     
   

 
                         

           
    

  
    

    
    
     

    
   
      [1]  

     
 

 
  

(      
o    

  
   

(    

 
                       

                        
                           

   [2]  
     

 
  
                      

                          
                              

           [3] 
     

 
   

                           
                           

                          

20ENVISIONTM STORMWATER MANAGEMENT BUSINESS CASE EVALUATOR v3.0 DOCUMENTATION MANUAL



LID/GI Measure

 
Media Filter or Sand 
Filter/Filtering Practices 
(Sand, above and below 
ground) 
 

“Stormwater media �lters are usually two-chambered including a pretreatment settling basin and a �lter bed �lled with sand or other absorptive �ltering media. As 
stormwater �ows into the �rst chamber, large particles settle out, and then �ner particl es and other pollutants are removed as stormwater �ows through the 
�ltering media in the second chamber.”  [16] 
from California Stormwater Quality Association 

 
Porous Pavement or 
Permeable Pavement w 
and w/o Sand, Veg. (New) 

 
“Porous pavement is a permeable pavement surface with a stone reservoir underneath. The reservoir temporarily stores surface runo! before in�ltrating it  into the 
subsoil. Runo! is thereby in�ltrated directly into the soil and receives  some water quality treatment. Porous pavement o ften appears the same as  traditional asphalt 
or concrete but is manufactured without "�ne" materials, and instead incorporates void spaces that allow for in�ltration.”  [17]

[

 
from Perkiomen Watershed Conservancy 
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Extended Detention 
Ponds (New & Retro�t) 

settle out. Unlike wet ponds, dry extended detention ponds do not have a permanent pool. However, dry extended detention pond s are often designed with small 
pools at the inlet and outlet of the pond, and can also be used to provide �ood control by including additional detention storage above the extended detention level.”  
[10] 
from The Stormwater Manager's Resource Center (SMRC) 
 
Detention Basin 
“Wet detention basins have a permanent pool of water year-round. The permanent pool allows pollutant particles in stormwater runo! to settle out over an 
extended period of time, and nutrient uptake also occurs through biological activity. (1) Wet detention basins can be used to  treat runo! from a single property or can 
be incorporated into a regional stormwater management plan where runo! from a large area discharges into a single basin or series of basins.”   [11] 
from The Milwaukee River Basin Partnership 
 

 
Green Roof 

 
“a green roof is an extension of an above grade roof, built on top of a human-made structure, that allows vegetation to grow in a growing medium and which is 
designed, constructed and maintained in accordance with the Toronto Green Roof Construction Standard. A green roof assembly includes, as a minimum, a root 
repellent system, a drainage system, a �ltering layer, a growing medium and plants, and shall be installed on a waterproof membrane of an applicable Roof.”  [12] 
from the City of Toronto 
 

 
In!ltration Basin 

 
“ A stormwater in�ltration basin holds runo! and lets it soak into the ground. The basins are open facilities with grass or sand bases. They can either drain rapidly or 
act as permanent ponds where water levels rise and fall with stormwater �ows. In�ltration facilities can be designed to han dle all runo! from a typical storm but 
could over�ow in a larger one. Since the facility is designed to soak water into the ground, anything that can clog the base will reduce performance and be a concern. 
Generally, in�ltration basins are managed like detention ponds but with greate r emphasis on maintaining the ability to in�ltrate stormwater.”  [13] 
from Stormwater Partners of SW Washington 
 

 
In!ltration Trench or 
In!ltration Practices w or 
w/o Sand, Veg. (New) 

 
Sand Filter 
“A sand �lter is a type of stormwater management facility designed to �lter rainwater. It is typically a depression in the ground �lled with sand that helps to  
manage polluted or excess rainwater. To the untrained eye, it may look like a sand box or volley ball court.” 
 
In!ltration Trench 
An in�ltration trench is a type of stormwater management facility designed to �lter rainwater. In�ltration trenches are excavated channels �lled with gravel that help 
to manage polluted or excess rainwater on your property. They can be designed to be located on the ground surface or buried.”  [14]  
from Montgomery County, Maryland 

 
 
Manufactured Device 
(Multiple Types) or 
Hydrodynamic Structures 
(New) 

“Hydrodynamic devices are designed to remove solids, oil/grease, �oatables and other debris from stormwater runo! through gravitational trapping of pollutants. 
They are typically used in combination with other structural BMPs, such as a pre-treatment device.”  [15] 
from Minnesota Pollution Control Agency 
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Chemical Control or 
Erosion and Sediment 
Control 

 
 “Soil erosion and sediment controls are measures which are used to reduce the amount of soil particles that are carried o! of a land area and deposited in a receiving 
water.”  [8] 
from U.S. Environmental Protection Agency 
 
 Sediment  
Fragmentary material that originates from weathering of rocks and is transported by, suspended in, or deposited by water.  
Erosion 
The wearing away of natural (earth) and unnatural (embankment, slope protection, structure, etc.) surfaces by the action of external forces.  In the case of drainage 
terminology, this term generally refers to the wearing away of the earth's surface by �owing water.  It can also refer to the wear on a structural surface by flowing 
water and the material carried therein.”  [9] 
from IECA, International Erosion Control Association 
 

 
Detention Basin or Dry 
Detention Ponds 
(New/Dry)  

 
Dry Detention Pond 
“Dry extended detention ponds (a.k.a. dry ponds, extended detention basins, detention ponds, extended detention ponds) are basins whose outlets are designed to 
detain the stormwater runo! from a water quality "storm" for some minimum duration (e.g., 24 hours) which allow sediment particles and associated pollutants to 
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1 Center for Neighborhood Technology, 2010, The Value of Green Infrastructure A Guide to Recognizing Its Economic, Environmental and Social Benefits 
http://www.cnt.org/media/CNT_Value-of-Green-Infrastructure.pdf

2 Government of British Columbia, Ministry of Environment, Environmental Protection Division
http://www.env.gov.bc.ca/wat/wq/nps/BMP_Compendium/Municipal/Urban_Runoff/Treatment/Vegetative.htm

3 U.S. Environmental Protection Agency, Stormwater Management Best Practices http://www.epa.gov/oaintrnt/stormwater/best_practices.htm#grassedswales

4 U.S. Environmental Protection Agency, Stormwater Management Best Practices http://www.epa.gov/oaintrnt/stormwater/best_practices.htm#vegetatedfilterstrips

5 Bioswale From Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Bioswale

6 Government of Western Australia, Department of Water, Water sensitive urban design, Swales and buffer strips http://www.water.wa.gov.au/PublicationStore/first/99295.pdf

7 U.S. Environmental Protection Agency, National Pollutant Discharge Elimination System (NPDES), Bioretention (Rain Gardens) 
http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm?action=factsheet_results&view=specific&bmp=72

8 U.S. Environmental Protection Agency, Sediment and Erosion Control http://www.epa.gov/region6/6en/w/sw/sediment.pdf

9 IECA, International Erosion Control Association, Terms and Acronyms  http://www.ieca.org/resources/intropagedefinitionsacronyms.asp

10 The Stormwater Manager's Resource Center (SMRC) web site, Stormwater Management Fact Sheet: Dry Extended Detention Pond
http://www.stormwatercenter.net/Assorted%20Fact%20Sheets/Tool6_Stormwater_Practices/Pond/Dry%20ED%20Pond.htm

11 The Milwaukee River Basin Partnership, Protecting Our Waters, a guide to responsible development within the Milwaukee River Basin, Detention & Infiltration Basins 
http://clean-water.umwex.edu/plan/drbasins.ht 

12 The City of Toronto, What is a green roof http://www.toronto.ca/greenroofs/what.htm

13 Stormwater Partners of SW Washington, Facilities, Infiltration basin http://www.stormwaterpartners.com/facilities/basin.html

14 Montgomery County, Maryland, Department of Environmental Protection, Stormwater Facility Maintenance Program, Surface Sand Filters and Infiltration Trenches 
http://www6.montgomerycountymd.gov/content/dep/downloads/water/NS_Sand_Filt_and_Infiltration_080912.pdf

15 Minnesota Pollution Control Agency, Minnesota Stormwater Manual, Hydrodynamic devices http://stormwater.pca.state.mn.us/index.php/Hydrodynamic_devices

16 CASQA California Stormwater Quality Association, California Stormwater BMP Handbook, January 2003, New Development and Redevelopment, Media Filter, TC-40 
http://www.cabmphandbooks.com/Documents/Development/TC-40.pdf

17 Perkiomen Watershed Conservancy, Environmental Planning Section, Managing Stormwater: Best Management Practices http://www.greenworks.tv/stormwater/porouspavement.htm

18 The City of Winnipeg, Retention ponds, What are retention ponds? http://winnipeg.ca/waterandwaste/drainageFlooding/ponds.stm 
http://winnipeg.ca/waterandwaste/drainageFlooding/ponds.stm

19 The Stormwater Manager's Resource Center (SMRC) web site, Stormwater Management Fact Sheet: Wet Pond 
http://www.stormwatercenter.net/Assorted%20Fact%20Sheets/Tool6_Stormwater_Practices/Pond/Wet%20Pond.htm

20 Iowa Department of Natural Resources, Iowa Stormwater Management Manual, Version 3; October 28, 2009  
http://www.iowadnr.gov/Portals/idnr/uploads/water/stormwater/manual/part2i.pdf
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Retention Pond/Basin 

 
“Retention ponds, also known as stormwater retention basins or man-made lakes:  
• store rainfall runo! from streets and adjacent lands 
• are an e#cient and cost-e!ective land drainage system, because fewer and smaller pipes can be used to carry runo! to the rivers  
• bene�t our environment by acting as a natural �lter – they help to remove sediment and chemicals before the water drains to our rivers 
• collect only land drainage, and not wastewater from homes or businesses”  

from The City of Winnipeg 
 

 
Wetland Basin or Wet 
Ponds/Wetland (New and 
Retro�t) 

 
“Wet ponds (a.k.a. stormwater ponds, retention ponds, wet extended detention ponds) are constructed basins that have a permanent pool of water throughout the 
year (or at least throughout the wet season). Ponds treat incoming stormwater runo! by settling and algal uptake. The primary removal mechanism is settling while 
stormwater runo! resides in the pool. Nutrient uptake also occurs through biological activity in the pond. Wet ponds are amo ng the most cost-e!ective and widely 
used stormwater treatment practices. While there are several di!erent versions of the wet pond design, the most common modi� cation is the extended detention 
wet pond, where storage is provided above the permanent pool in order to detain stormwater runo! in order to provide greater settling.”  [19] 
from The Stormwater Manager's Resource Center (SMRC) 
 

 
Wetland Channel or 
Vegetated Open 
Channels 

 
“The wet swale (or wetland channel) also consists of a broad open channel capable of temporarily storing the WQv, bu t does not have an underlying �ltering bed.... 
The wet swale is constructed directly within existing soils and may or may not intercept the water table. Like the dry swale,  the WQv (water quality volume) within 
the wet swale should be stored for approximately 24 hours. The wet swale has water quality treatment mechanisms similar to stormwater wetlands, which rely 
primarily on settling of suspended solids, adsorption, and uptake of pollutants by vegetative root systems. These systems are often called wetland channel systems 
since they are basically a linear shallow wetland system.”  [20] - editorial inset in italics. 
from Iowa Department of Natural Resources 
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Economic Benefits

“Customized application of nonmarket valuation methods can be expensive and time consuming to perform. 
Contingent valuation, for example, can require conducting survey research; a hedonic pricing study may 
involve extensive data assembly.” [3]

While expensive, the preferred approach will always be for the use of directly measured benefits. To the extent that project, local, or
regional data, are available and is consistent with the measurement of the benefit category, it should be used. An example may be that a
survey is available of local residents that measures WTP for park space. Where information is not available the “benefits transfer” approach
is used. This takes benefits calculated for other projects, perhaps in other areas or for different types of projects and uses the estimates for
the current infrastructure project adjusted for local conditions and design. In design of the tool then we have adopted the philosophy that
the user should always have the option of entering data to override defaults with more appropriate data.

The costs and benefits of low impact development, or green infrastructure, compared with traditional pipe and processing facilities, 
or grey infrastructure, are:

Table: Costs vs Benefits

Economic Benefits

[3]    Ibid.

Cost or Benefit Type Group/Area Impacted 

1. Increased revenues, change in subsidies, avoided costs  
(including capital expenditures, operations and maintenance costs, 
energy, waste, water, or materials costs) 

City 

2. Asset Life Extension Value  City 

3. Shadow Wage Benefit  City 

4. After Tax Wage & Income Tax Transfers  City 

5. Recreational Use Value City 

6. Flood Risk City 

7. Property Value Benefit City 

8. Reduced Heat Stress Mortality Benefit City (Population rather than local government) 

9. Water Quality and Habitat Enhancement River Basin (and Region and City) 

10. Water Quantity River Basin (and Region and City) 

11. Wetland Enhancement River Basin (and Region and City) 

12. CO2 Emissions All 

13. Air Quality City 

Cost or Bene!t Type Group/Area Impacted 
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Increased Revenues and Avoided Costs
The first costs and benefits that are incorporated into the model’s calculations are the direct costs and benefits, including capital expenditures,
operations and maintenance costs, energy, waste, water, and materials costs, and a change in subsidies obtained. The impacts of a project on
energy, waste, water, and materials costs, as well as subsidies, are all calculated using values that are input by the user that indicate what those
costs would be in a status quo or “do nothing” scenario, as well as what those values are expected to be after the proposed project is in operation.
An example of these user inputs for electricity usage can be seen below:

Table: Costs vs Benefits

Other costs, such as capital expenditures and operations and maintenance (O&M) costs can be determined either by using information 
provided by the user, or by estimating the costs based on components installed and cost data that is stored in the model. When inputting
project attributes into the model, the user can indicate how many acres of each  component are going  to be included in the project. 
Examples of green stormwater management project components include Biofilters, Green Roofs, Infiltration Basins, Media Filters, and 
others. For each component, the user has the ability to input the expected capital expenditure costs (including installation), as well as the
expected annual O&M costs. In the case that the user of the Business Case Evaluator does not know the capital expenditure or O&M costs,
the model estimates those costs automatically. The BCE uses low, medium, and high values for the capital and O&M costs of LID features
based on their total area and/or their maximum storage volume which are drawn from a number of studies. For a full list of sources, see the
References section at the end of the document. To increase the accuracy of the cost estimations equations which incorporate economies of
scale are used when available. As these equations utilize more relevant information they are given twice the weight of the other studies
when calculating average costs. Additionally the costs from each individual study were adjusted for region specific construction cost 
differences using the adjustment factor recommended by the EPA.  Tables showing the green  stormwater infrastructure components that
are adjusted for economies of scale, the rain fail zone adjustment factors, and the cost estimates for each component of a typical project 
can be found in Appendix E.

The expected total capital costs are calculated by multiplying the estimated cost by the proposed area, or cubic feet of storage capacity, 
respectively, for each component. This produces two expected capital costs for each component, one where the capital costs are estimated
per acre and the other where capital costs are estimated per cubic foot of storage volume. These most likely values use the distribution 
generated from the low, medium, and high values so that the cost values are also adjusted for uncertainty. The final cost values are 
calculated by taking the average of these two expected capital costs. Note that if the user has specified the known costs for a component 
of the project, the user-input value is used, not the automatically calculated value. This method is the same for both the capital expenditure
costs and the operations and maintenance costs.

For green roofs capital costs may be calculated differently. If the user has selected that the years remaining until the current roof needs to
be replaced is 0, then the capital costs will be calculated on an incremental basis. That is, the capital costs for green roofs will be estimated
as the additional costs over and above those of installing a traditional roof. This incremental cost is estimated based on an expected capital
cost premium for green roofs as reported in various studies. 

Revenues & Avoided Costs
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Asset Life Extension Value
Description: Asset Life Extension Benefits of Green Infrastructure 

When green infrastructure replaces, or is considered as an alternative to, traditional infrastructure there is the possibility that the lifespan 
of these assets will be different. For example when installing a green roof, the US General Services Administration notes:

"The lifespan of a roof’s membrane largely determines a roof’s longevity. Properly installed green roofs more than double the 
number of years required before a roof needs to be replaced, as compared with conventional and white counterparts. This is
because a green roof’s vegetation layer and growing medium protect the roofing membrane from damaging UV radiation and 
from fluctuations in temperature extremes. Temperature fluctuations cause daily expansion and contraction in the membrane, 
wearing it out over time." [3a] 

Green roofs are not the only LID feature that can lead to the extension of the asset life. For example, the different materials used in the
paving process for permeable pavement and traditional pavement can also lead to changes in the lifespan of these assets. The value of
these asset life extensions can offset some of the higher installation and maintenance costs of many LID features.

Approach: Present Value of Net Replacement Costs

The present value of the net change in replacement costs due to a change in an assets lifespan is input directly by the user for most assets.
The exception is for green roofs, in which case the model calculates the replacement costs of a green roof compared to a traditional roof
without any additional user input. 

Present Value of Net Replacement Costs 

First the expected lifespan of both the green roof and the traditional roof are estimated based on a distribution of lifespans for both assets
as reported in the literature. The model then estimates the replacement cost for both the green (proposed design) and traditional roof 
(base case design) whenever they have either have exceeded their lifespan over the duration of the project. Next the residual value at the
end of the operational life of the project, for both the proposed and base case designs, is estimated. Both assets are assumed to depreciate
according to the straight line depreciation method, however this can be overridden in the model variable values section. 

Finally the calculated present value of the difference between these two replacement costs is used to obtain an estimate of the asset life 
extension value for green roofs. This value is added to the user inputted value for all other assets to calculate the final value of the asset 
life extension benefit. 

Components:

1. Lifespan and replacement costs of a traditional roof
2. Lifespan replacement costs of a green roof
3. Present value of replacement costs for all other assets

Includes: Financial value of reduced, or increased, asset replacement costs

Excludes: Additional waste costs | Social value of reduced waste in landfills

Asset Lifespan Extension

25ENVISIONTM STORMWATER MANAGEMENT BUSINESS CASE EVALUATOR v3.0 DOCUMENTATION MANUAL

[3a]    General Services Administration (2011). The Benefits and Challenges of Green Roofs on Public and Commercial Buildings: A Report of the United States General Services Administration. 



Jobs & Shadow Wage
Description: Poverty Reduction Benefits of Local Green Infrastructure Jobs

As noted in the Philadelphia Study: “Benefit-cost analysis of public infrastructure investment projects does not traditionally consider job
creation as a category of project benefits. Although creating jobs is universally perceived as beneficial, it is reasoned that jobs created by
public investment are no more beneficial than jobs created by the private sector.”

Another way of looking at it is – with limited government funding resources, public investment in one project is likely to generate the 
same (or similar) number of jobs as another public investment (even if there are zero long-term efficiency gains (e.g., digging holes and 
filling them in). Thus, the construction jobs created by investment projects are typically not included in benefit-cost/ROI analyses as they
are considered costs (rather than benefits). For example, a more expensive project is likely to generate more construction jobs even if it 
accomplishes the same benefits as a less expensive project.

This standard industry approach ignores a few key factors:

n What is the geographic jurisdiction for the return on investment (ROI) analysis? A city? County? Metro area? An entire country like 
the US? Job impacts may be a net benefit for a more local jurisdiction while simply a re-distribution at the national level.

n What is the shadow wage of labor in the area? The shadow wage is the social opportunity cost of labor; that is the cost of labor in its 
next best use. Extensive research has shown that the full cost of labor for construction (directly related to construction jobs) can be 
reduced by the shadow wage of labor. In this way, the “benefit” is actually applied as a reduction in costs.

n Sources of funding – is this a 100% public investment from funds within the geographic jurisdiction of study? Or does the project 
attract private or federal funds that otherwise would not be invested in the area?

n From Marvin Shaffer “Multiple Account Benefit-Cost Analysis” p.75
SOCL = pu * vu + (1 – pu) * w
NB – w – SOCL = pu * (w - vu) where

n SOCL is the social opportunity cost of labor

n pu is the probability of hiring people who would otherwise be unemployed

n vu is the value of what the unemployed persons would otherwise be doing (the minimum they would have to be paid to 
willingly work at the new job)

n w is the wages that are paid in the new or comparable existing job, and NB is the net benefit that is realized from the new job.

n “ … the net benefit of any employment generated by a project or policy will be greater, the greater is the probability of hiring 
persons who would otherwise be unemployed (pu), and the greater is the difference between the wages paid in the new 
jobs (w) and the value of whatever those hired would otherwise be doing  (vu).”

n A recommended approach is to apply a customized shadow wage conversion factor (CF) to the labor cost portion of the investment to 
lower the costs of the project. An easy to implement approach is to simply discount wages by the local/regional unemployment rate. 
The recommended equation by the European Union is to also take into account taxes and social security payments, resulting in an equation 
of: SW = FW (1-u) (1-t), where SW is the shadow wage, FW is the financial (or market) wage, u is the local/regional unemployment rate, 
and t is social security and taxes. The European BCA Guide gives an example with an unemployment rate in 12% (too high for most of 
the US), and social security/taxes of 32% (perhaps also too high for the US). Their recommended SW ends up ranging from 0.6 to 1.0 
depending on the type of market and mix of skilled labor.

n A further refinement could reflect the amount of net new investment entering a local/regional jurisdiction. This could be due to: a) 
a project that obtains competitive federal funding that would otherwise go to another region; and/or b) private investment to 
implement an infrastructure project that otherwise would go to another region. This could potentially be handled as a further 
reduction in costs (though that might be controversial) or as a separate calculation of net new jobs for the region (based on net new 
investment) but not “additive” to other benefits.

Benefits of Green Jobs
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n It is also possible for infrastructure investments to result in long-term job gains to a region due to more efficient, cost-effective 
infrastructure that enhances the competitiveness of businesses or attracts new companies to the region. In most cases, this kind 
of longer-term economic development benefit is in some way accounted for in other benefits, such as property values or other direct 
cost savings. That is particularly frequent in fixed guide way transit investments that have transit oriented development/property value 
benefits in excess of measurable transportation benefits. In some cases, like highway projects, the key issue is the extent to which 
“induced” demand benefits are already accounted for in the analysis. Good discussions of this potential benefit are in various 
USDOT/FHWA research and UK guidance on wider economic benefits, with recommended values of a freight logistics/supply chain 
premium of 5 to 15% of direct freight user benefits.

n The Philadelphia stormwater management study approach focuses on poverty reduction due to jobs to unskilled workers rather than 
infrastructure that would require skilled labor (and unions). They argue these workers would otherwise be unemployed and apply 
various dollar values of reduced government spending on the unemployed/poor. Conceptually interesting, this approach is potentially 
controversial and not an “industry accepted standard” approach, further it requires significant information and assumptions about 
the kinds of jobs beyond what can be expected on most projects.

See the References section at the end of the document for a full list of sources.

Approach: Shadow Wage Conversion Factor (CF)

Apply CF to labor cost component of construction costs as well as employee costs during the operations stage, in order to reduce those 
aspects of costs, as recommended by multiple Benefit Cost Analysis (BCA) guides, literature, etc. The CF is determined by the probability of
hiring an unemployed person and the value of what that unemployed person would have otherwise been doing. The following equation 
is used in calculating the Net Shadow Wage Benefit:

Net Shadow Wage Benefit = Market Wage – Social Opportunity Cost of Labor (SOCL) 

Where SOCL = pu * vu + (1 – pu) * w 

Therefore NB = w – SOCL = pu * (w - vu), as described above.

To calculate this equation the model assumes that pu is equal to the local unemployment wage, u. In other words, the probability of hiring
an unemployed person is assumed to be equal to the unemployment rate. Finally vu is assumed to be a percentage of the wage rate. It is
often assumed that vu is equal to 0, however this risks overstating the benefit, which in a well-functioning economy will be relatively small.
This benefit will be small, in most cases, because projects only affect what goods and services are produced and for whom but not the over-
all amount produced. This point was emphasized in an assessment of the social opportunity cost of labor in Canada by A. Harberger (1980)
whom stated the importance of using a value substantially above 0 for vu. Based on his research we use a value for vu=70%*w.

This allows us to rearrange the above equation to the following:

NB = w – SOCL = pu * (w - vu) = pu * (w - 70%*w) = pu*30%*w

The Shadow Wage Benefits from both the construction and operations stages are calculated and compared against the Shadow Wage 
Benefits from the Reference Case (the status quo or “do nothing” scenario). These values are used to determine the project’s Net Shadow
Wage Benefit. Therefore the final value of the Net Shadow Wage Benefit = NBRefrence case – NBWith project.

Components:

1. Market/financial wage for construction workers and for employees during operation
2. Unemployment rate

Includes: Economic value of jobs created for those who would otherwise consume social services
Excludes: Jobs created for those already in the workforce

Benefits of Green Jobs
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After Tax Wage Transfer & Income Tax Transfer
Description: Transfer from project owner to the labor force and government

On a societal level it is important to note that any taxes paid during the construction and maintenance of the project are simply transfers,
and not net benefits, from the project owner to the government agency collecting these taxes. Similarly any labor expenses incurred over
the lifespan of the project are transfers from the project owner to the labor force. Since these are transfer payments they should not be
counted as costs or benefits in the analysis when calculating the sustainable return on investment. At the account level these transfers do
have a value, but at the societal level we add the offsetting transfer payments, effectively cancelling them out. The model does this for both
income taxes and after tax wages paid out to any labor hired during the construction or operation of the project.

Approach: Accounting Value of After Tax Wages & Income Tax Payments

Calculating these transfer payments are straightforward as shown be the following two equations:

After Tax Wages = Wages * (1-Payroll Taxes)

Income Tax Payments = Wages * Payroll Taxes

Where payroll taxes are the sum of federal and state taxes as well as any other mandatory payroll deductions collected for various social
programs. These transfers are calculated for both the construction and operations stages and are compared against the Reference Case (the
status quo or “do nothing” scenario). Therefore the final value used at the stakeholder level is the difference between these transfers with
and without the project.

Components:

1. Market/financial wage for construction workers and for employees during operation
2. Tax rate/social security payments

Includes: No direct social value, these are simply transfers from one party to another

Excludes: Job creation

Transfer Payments
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Recreational Use Benefit
Description:

“Green infrastructure has been shown to increase recreational opportunities (for example, walking the dog, walking or jogging
on sidewalks, bench sitting or picnicking) when increased vegetation and treed acreage is added within a community. The
value of added recreational opportunities is measured by the increase in recreational trips or “user days” gained from urban
greening. Use values can then be assigned to the various recreational activity trips.” [4] 

“… although the protection of public space and provision of recreational amenities are typically not “priced”, they nevertheless
have significant value to society, and economists have developed sophisticated analytical techniques to derive monetary values
for these types of goods.” [5] 

The Business Case Evaluator uses the Philadelphia study’s methodology for the value of recreational use of green space 
(from US Army Corps of Engineers) but it incorporates the low and high ranges from the original source study.  

The range used in the risk analysis  is important because the valuation of how much people are willing to pay for a recreation 
experience is uncertain. The model allows users to change the values to refelect the increased recreational opportunities associated 
with their green infrastructure alternatives. A screenshot of the questions referring to Recreational Use can be seen below:

[4]    CNT Op. Cit.
[5]    “User’s Guide Watershed Management Techniques Economic Valuation Model”, Revised March 2010, County of Los Angeles, Department of Public Works, Watershed Management Division, p. 24

Recreational Use Benefit
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The approach uses a points-to-dollars system that has been developed by the US Army  Corps of Engineers, producing a range of
WTP values that are largely based on the responses to “Recreation Use” questions in the Excel model.

Shown above: The range of WTP values produces a distribution of input values that monetize the recreational benefit for the potential project.

Approach: 

Estimate the WTP of users, and multiply by the total user days expected after the project is constructed. The increase in user days per year 
is estimated using a three-point PERT distribution. This is based off two inputs: the new users per year per acre and the number of days each
new user will use the facility. The number of new users per year per acre is set to the average population density of the city or town where
the project is being constructed is used. The model uses three different values for the number of days each user will use the facility per year.
For the low value it is assumed that each user would use the facility once a week, or 52 times per year. The middle value is based on the 
estimation of new recreational user days from the Philadelphia stormwater study, which implied that each user would use the facility 75.58
days per year. For the high value it is assumed that each user would use the facility twice a week, or 104 times per year. Note that these 
approximations can be edited in the “Model Variable Values” page. These three values are multiplied by the number of new users per acre
per year and inputted into a PERT distribution to produce an most likely value of increased user days per acre year. This value is then 
multiplied by the calculated WTP value to determine the total Recreational Use value from the project. 

Components: 

1. Direct use value (user days * WTP)
a.Local population density
b.Number of acres of increased green space
c. Project recreational use characteristics

Includes: Stream restoration | Riparian buffer improvements | Creekside recreation space | Non-creekside recreation space in vegetated
areas | Increased urban greenways | Water-based recreation

Excludes: Wetlands-related recreational value

Recreational Use Benefit
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Flood Risk 
Description:

Reduced flood risk due to a smaller volume of runoff from the project’s property during storm events. This can be caused by increased 
green acreage, water storage capacity, stormwater drainage capacity, or reducing the surface area covered by impervious land. 

Approach: 

1. Calculate the city’s total property value at risk in 5, 10, 25, 50, and 100 year storm events
a.Determine the total property value in the city/town

i. Mean value per house * Number of houses in the city/town
b.Determine the percent of residential property value at risk

i. (Flood damage per year per state from 1955 - 2003) * (Total property value for each year for each respective state from 1955 - 2003)

2. Calculate flood risk mitigated (as a percentage of total flood risk) due to the design of the project 
((Reduction in flood volume due to project) / (Total city-wide flood volume))
a.Determine total city-wide flood volume during storm events

i. Find expected precipitation (in inches) from 5, 10, 25, 50, and 100 year storms
n Used daily precipitation data from 6000+ weather stations across the United States from 1950 to 2013 to determine 

maximum 24 precipitation annually over that time period
n Fit a Generalized Extreme Value (GEV) Distribution to each dataset to determine the distribution of precipitation 

for each weather station
n Determined storm event precipitation depths using 80th, 90th, 96th, 98th, and 99th percentile values from the distribution 

to represent the 5, 10, 25, 50, and 100 year storms
ii. Using estimated city average curve number, estimate ground absorption of water in large storm events
iii. Using user-defined input “Strongest storm event that does not cause flooding”, calculate the average stormwater 

drainage capacity of the city
iv. City-wide flood volume = (City surface area * Storm depth) – (City surface area * Ground absorption rate) – 

(Average percent of max drainage rate during storm * City’s maximum stormwater drainage capacity)
b.Determine reduction in flood volume due to project

i. Use expected precipitation (in inches) from 5, 10, 25, 50, and 100 year storms
ii. Calculate runoff from the project’s site before the project is built during storm events
n (Site’s runoff (depth) based on current curve number * Site surface area) – (Current average percent of max site drainage 

rate during storm * Site’s current maximum stormwater drainage capacity)
iii. Calculate runoff from the project’s site after project construction during storm events
n (Site’s runoff (depth) based on expected curve number * Site surface area) – (Expected average percent of max site drainage 

rate during storm * Site’s expected maximum stormwater drainage capacity)
iv. Reduction in flood volume = (Current site runoff during storms) – (Expected site runoff during storms)

3. Total Annual Flood Risk Mitigation Value = (Total Value at Risk in City) * (Total Flood Risk Mitigated from Project)

Components:

1. Total acres of each land type (e.g.: lawn, forest, impervious), both currently and after project construction
2. Stormwater drainage capacity of the project’s site, both currently and after project construction
3. Total square mileage of town/city where project is being constructed
4. Average curve number of town/city
5. Maximum stormwater drainage capacity of town/city
6. Distribution of maximum 24 hour precipitation depths for each year, using 6000+ weather stations and daily weather 

data from 1950 to 2013
7. Distribution of damage from flood events for the state (as a percent of total property value), using data from 1955 to 2003
8. Total property value in the town/city

Flood Risk
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Property Value Enhancement

Neighbourhood Quality – Property Value
Description:

“This measure provides a value estimate based on a benefit category that directly affects market prices. Most commonly this
value is derived from variations in housing prices, which in some part reflect the value of local environmental attributes. In this
study the value for trees is based in part on increases in property values resulting from trees that are located in parks
or nearby public spaces.” [6] 

Property values can be positively influenced by LID projects. Increased value can be attributed to the temperature moderating effects of
vegetation, thereby decreasing energy costs, reduced risk of flooding, improved air quality, or improved aesthetic value of the local area.
Many studies have quantified the potential impacts of LID projects on property prices. The impacts on property prices as a result of LID 
projects that are used in the model can be found in Appendix F. 

The values from these studies are used to develop a distribution of inputs that quantify the estimated impacts on local housing prices. 
An example of a probability density function of these values can be seen below: 

Approach: 

Estimate property value increases, and then multiply by 50% to account for possible double counting with other benefits included.

Components:

1. Property value baseline
a.Number of properties in city or town where the project is being constructed
b.Average housing price in city or town where the project is being constructed

i. A complete dataset of average housing prices by city was not readily available, instead the state/province average 
housing price for existing homes is used. 

2. Estimated property value increase from hedonic house price studies for 100% LID projects
3. Percent increase in green acreage in city or town that the project is being built in, providing the project’s percent LID

a.Total new green acres installed as a result of the project as a percentage of the total area of the city or town where the 
project is being constructed

Includes: New use for vacant property in shrinking urban centers | Enhanced aesthetics | Reduced risk of flooding | Reduced energy costs
for air conditioning and heating due to the temperature moderating effects of increased vegetation

Excludes: Changes in non-residential property values | Changes in residential property values not attributed to LID. The 50% factor is an 
attempt to avoid double counting. Property value estimates from the literature encompass a wide range of benefits associated with LID.
Many of these are not distinct from other benefits captured here. "For example, a property in an area with good air quality should sell for a
higher amount relative to another property in an area with low air quality, all else equal. Thus, to simply add property value benefits 
with the benefits from improved air quality would be double-counting.

[6]      “User’s Guide Watershed Management Techniques Economic Valuation Model”, Revised March 2010, County of Los Angeles, Department of Public Works, Watershed Management Division, p. 24
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Increased Property Taxes

Additional Local Property Taxes Collected
Description:

An increase in property values also leads to an increase in taxes collected each year. The total amount that the government gains as a result
of the project can be estimated over the life of the project. 

Approach: 

Tax rate * property value increase * years of project operation, discounted to estimate the net present value of the government’s 
portion. An example of this breakdown can be seen in the pie chart below:

Components:

1. Local property tax rates
2. Property value increments

Includes: Increased property tax collected as a result of increased property value

Excludes: Potential changes in the local property tax rate over the life of the project
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Heat Stress and Related Premature Fatalities Avoided
Description:

“Heat waves are a fixture of summers in Philadelphia, including some severe enough that they have resulted in over 
100 premature deaths (for example, the summer of 1993). These events may be more frequent and severe in the future due to
climate change. Green infrastructure (for example, trees, green roofs, and bioretention sidewalks) reduces the severity of 
extreme heat events in three ways - by creating shade, by reducing the amount of heat absorbing pavement and rooftops, and
by emitting water vapor – all of which cool hot air. This cooling effect will be sufficient to actually reduce heat stress-related 
fatalities in the city during extreme heat wave events.”

“The urban heat island (UHI) effect compromises human health and comfort by causing respiratory difficulties, exhaustion,
heat stroke and heat-related mortality…Various studies have estimated that trees and other vegetation within building sites
reduce temperatures by about 5°F when compared to outside non-green space. At larger scales, variation between non-green
city centers and vegetated areas has been shown to be as high as 9°F.” [7] 

Approach: 

1. Link LID to reduced temperatures
a. Determine total acres of increased vegetation, and divide by the total acres in the town/city that the project is being built in 

to calculate an overall percentage increase in vegetation
b. Link 10% increase in vegetation to reductions in temperatures (0.04 to 0.5 F, according to a study on UHI effect 

mitigation strategies in 9 US cities); see Appendix F for the values used in the model
i. If the city selected was in this study, the point estimate for that city is used
ii. If the city selected in the BCE was not in this study then a PERT distribution based on the data from the 9 cities is 

used to estimate this value
c. Calculate the overall reduction in temperature as a result of the project

2. Link reduced temperatures to avoided death
a. Calculate the reduction in the average annual mortality rate based on local weather, the local mortality rate, and the local 

temperature threshold at which the impacts of heat on mortality can be detected (called the Minimum Mortality Temperature, or MMT)
i. Calculate the change in the days each year when the city is over the MMT, as well as the change in the average temperature 

for the days that are still over the MMT after the project is implemented
ii. Use the change in days over MMT and the change in the temperature for days over the MMT to calculate a new average 

annual mortality rate
iii. Calculate annual lives saved from the project

3. Use the Value of Statistical Life to quantify the benefit of reduced heat mortality rates; see Appendix F for a list of values used.

Components:

1. Total acres of vegetation installed or restored in the project
2. Total acres in the town/city where the project is being installed
3. Local mortality rate
4. Longitude of location so that the approximate MMT can be calculated (the MMT has been found to correlate with latitude, so more 

southern locations have a higher MMT and more northern locations have a lower MMT).
5. Local weather patterns/history – daily data from 1981-2010 Climate Normals for ~1,500 weather stations across the United States were

used to determine a distribution of temperature values for each city for every month of the year.
6. Population of town/city where the project is being installed
7. Value of statistical life - Value of a statistical life seems to be widely used in the regulatory impact analysis and cost benefit studies 

for federal government cost benefit analyses (e.g. safety improvements in rail and roadways). A range of $5-$13 million with a 
median around $9 million seems to be accepted.

Includes: Urban heat island mitigation

Reduced Heat Mortality Rate
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Water Quality
Description:

Increased acres of vegetation, including forest or wetlands, can positively influence the water quality in a local area. In addition, using LID
for stormwater management can reduce the stormwater volume that must be managed by grey infrastructure, reducing the frequency and
volume of overflowing sewer systems in large storm events. The impact of this is that the local water areas have improved water quality.
This improvement can be quantified by assessing the WTP of local households for improvements in water quality. 

Approach:

WTP is the amount of money people are willing to forego to have the item of interest. As shown in auctions, people have different WTP 
values for the same item. Value or WTP is often estimated by implementing a Stated Preference Survey. In such a survey, a detailed 
explanation is provided as to what is being proposed is described and the respondent is given a series of choices where trade-offs have to
be made.  There are two main types: Contingent Valuation and Conjoint Analysis. In a simple world, all prices would be revealed. By 
simulating a hypothetical (and plausible) market, estimates can be derived by surveying people to collect their evaluation of changes in 
the level of environmental quality, health and safety. Asking people outright how much would they pay produces highly optimistic and 
unlikely values as people tend to provide answers they feel are socially expected.  The stated preference approach avoids this pitfall and has
gained acceptance by academics and policy makers.

Uncertainty in the WTP for water is handled similarly to other benefits. The model is based on a meta-analysis of surveys that is linked to state-
specific income and the magnitude of water quality improvements. Meta-analyses measure WTP for increases in water quality from studies that
may account for regional differences or differences in methodology so that the meta-analysis results can be used to produce useful data like “In
Texas, people are willing to pay x dollars per year for water to be improved from boatable to being suitable for game fishing”. In the model users
can choose how the project will affect water quality using a simple boatable, fishable, swimmable, drinkable scale:

[7]      CNT Op. Cit.

Water Quality Improvement
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Water Quantity
Description:

If an increase in water storage capacity on the project site leads to the reuse of stormwater there is the possibility that the user will realize a
direct financial benefit due to a smaller water bill. In addition to the direct financial benefit there is also a social benefit when stormwater is
reused.  This is because reusing stormwater alters the amount of water drawn out of local water streams. The marginal value of this change
in the quantity of water in local streams is equal to the sum of the marginal value of all the possible instream and offstream uses of that
water on its journey to its end point. 

"On a given river, an acre-foot of streamflow increase may first be used by recreationists, next pass through a hydroelectric plant, then be 
diverted to a farm, and finally be diverted to a city. The first two uses consume no water, so, except for evaporation losses, the full acre-foot is
available to the farmer. If the acre-foot arrives when it is useful to farmers, irrigation will consume (via evapotranspiration) some of the 
diverted flow, but return a portion that becomes available to the city downstream. In addition to these four uses there may be value 
attributable to the knowledge that the river has sufficient flow; this value could reflect, among other things, concerns for the ecological 
integrity of the aquatic environment." [7a] 

Approach:

WTP is used to value the quantity of water in a stream in much the same way as it is used to value the quality of water in the same stream.
The distinction between quantity of streamflow and quality is somewhat artificial because they combine together to define the value of
water in its end use. To calculate a value for a change in water quantity it must be done assuming a given water quality; just as calculating
the value of water quality must assume a given quantity of water. 

WTP values for water quantity are taken from a study on the value of raw water conducted by the US Forest Service. This study estimates
the value of water by water use category and water resource region. Values for each water use category are summed to get the marginal
value of a change in water quantity for each region. This allows for regional differences in water scarcity and use patterns to be accounted
for when calculating the social value of water. In the model the user first selects the water resource region the project is located in. Then the
user selects the amount of water they expect to reuse on the project site annually. This input is then multiplied by the marginal value of
water for the water region selected to obtain an estimate of the value of water. The values used for each region can be found in Appendix F.
For Hawaii and Alaska, which do not have explicit estimates, the values from the most similar regions in terms of water use and scarcity are
averaged and used. 

[7a]      “The Marginal Economic Value of Streamflow from National Forests", 2004, Thomas C. Brown, Rocky Mountain Research Station, U.S. Forest Service, p. 5

Reuse of Stormwater
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Habitat /Ecosystem
Description:

Wetland Enhancement and Creation

“The value measure for wetlands is based on a number of beneficial functions that wetlands serve, including the following: flood control,
water supply, water quality, recreation, commercial fisheries, and habitat (Allen, et al. 1992).”  [8] 

“Many vegetated green infrastructure features can improve habitat for a wide variety of flora and fauna. Rain gardens and other 
vegetated infiltration features hold particular value in this regard insofar as they perform best when planted with native species…Habitats
are typically economically valued using either contingent valuation methods (especially where the conservation of an endangered species is
concerned) or using the market price of traded goods that are harvested at the habitat in question (or of traded goods that are harvested 
elsewhere but for which the relevant habitat provides breeding and/or nursery grounds). The latter method can be useful, for example, in the
case of coastal estuaries that provide nurseries for commercially harvested fish, but this approach is less applicable to the relatively small-scale
urban vegetated features in question here.” [9] 

Approach: 

Determine acreage of newly created and restored wetlands, indicate the functions of the wetlands being created or restored (e.g.: flood 
reduction, recreational fishing, bird watching), and then determine the economic value of the wetland based on meta-analyses. 
A screenshot of the user inputs for wetland value enhancement [10] can be seen below:

Components:

1. Acres of wetlands created and/or restored
2. Type of wetland, location, and total acres of the greater wetlands system
3. Main functions of the wetlands being created and/or restored
4. Meta-analytical function to determine value per acre of wetland

Includes: Improved water quality | groundwater recharge | shoreline anchoring | flood control | wildlife habitat | enhanced aesthetics |
some recreational use (if not captured under recreational use benefit)

Wetland & Habitat Enhancement

[8]      “User’s Guide Watershed Management Techniques Economic Valuation Model”, Revised March 2010, County of Los Angeles, Department of Public Works, Watershed Management Division, p. 30
[9]      CNT Op. Cit.
[10]    The estimates draw from a meta-analysis of more than 70 US valuation studies estimating wetland value, willingness to pay for improvements in surface water quality, and the benefit for 

terrestrial habitat services. See Ayuna Borisova-Kidder, 2006 in the Wetland Value Enhancement References Section. 
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Carbon Footprint 
Description:

Avoided CO2 equivalent (CO2e) emissions due to the project, as well as increased CO2 sequestration.

Green infrastructure reduces energy use, and to the extent it obviates the need for fossil fuel use, reduces carbon emissions. Relative to 
traditional grey infrastructure (pipes and water treatment infrastructure), low impact development may also have less embodied energy.
Consider the embodied energy in manufacturing and constructing water treatment and conveyance facilities versus tree cultivation and
planting. Planting new trees can also sequester carbon from the atmosphere, reducing the impacts of climate change.

“First, the cooling effects of trees and plants shade and insulate buildings from wide temperature swings, decreasing the 
energy needed for heating and cooling. Second, rain is managed where it falls in systems of soil and plants, reducing the energy
needed for traditional systems to store, pipe, and treat it. Growing trees also act as carbon ‘sinks’, absorbing carbon dioxide
from the air and incorporating it into their branches and trunks.” [11] 

Approach:

1. Calculate the change in carbon emissions relative to the base or reference case. This can be the reduced emissions from materials used 
in construction and from the operations phase. 
a. Determine the amount of greenhouse gas (GHG) emissions emitted in the construction phase

i. Embodied energy in Concrete:  (Tonnes of concrete) * (kg  CO2e / tonne of concrete used)
ii. Embodied energy in the additional materials needed to construct a green roof, if applicable: 

((Acres of green roof) * (kg  CO2e / acre of green roof installed)) – ((Acres of  roof) * (kg  CO2e / acre of traditional roof 
which would have been installed in the base case))

b. Calculate avoided electricity or other fuel consumption for the project, determine the carbon intensity of the local fuel mix, then 
calculate lifetime avoided GHG emissions

2. Calculate the tons of carbon sequestered by green infrastructure
a. Total sum for all years of project operation: (Number of planted trees still living) * (Size & age-specific carbon absorption rate per tree each year)

+ (Acres of green roof planted) * (Carbon absorption rate per acre of green roof) 
i. Number of planted trees still living: combination of healthy trees, poor trees, critical trees, and dying trees
ii. Size and age-specific carbon absorption rate per tree each year: the weighted average diameter of trees planted increases each 

year as the trees grow, while aging trees tend to have lower growth rates, with carbon absorption rates reducing to zero just 
before tree death

3. Calculate the avoided GHG emissions from O&M, construction, and sequestration
4. Convert GHGs to CO2e
5. Apply a social cost of carbon; for a list of values used, see Appendix F.

Components:

1. Lifetime (material, construction, operation, maintenance, demolition/reuse/recycle) energy use
2. Carbon intensity of local fuel mix
3. CO2e conversion factors
4. Carbon absorption rate of trees at different life stages and at different sizes
5. Social cost of carbon (see Appendix F)

Includes: Reduced carbon emissions due to lower energy use | Increased carbon sequestration | Health, climate, environmental, and damage
components of the social cost of carbon.

Excludes: Reduced carbon emissions due to reduced energy consumption from local buildings

Carbon Footprint

[11] Philadelphia Combined Sewer Overflow Long Term Control Plan Update, Supplemental Documentation, Volume 2. Triple Bottom Line Analysis, October 1, 2009 
http://www.phillywatersheds.org/ltcpu/Vol02_TBL.pdf, downloaded January 15, 2013.
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Air Quality
Description:

LID projects can reduce air pollution emissions due to lower operational energy usage, as well as air pollutant removal from added vegetation.

“…quantifies the direct (uptake and deposition) and indirect (avoided emissions) air quality impacts of green infrastructure
and provides instructions for valuing these impacts in monetary terms. The criteria pollutants addressed here are nitrogen 
dioxide NO2), ozone (O3), sulfur dioxide (SO2) and particulate matter of aerodynamic diameter of ten micrometers or fewer
(PM-10)  Practices that provide a direct benefit of uptake and deposition include green roofs, trees and bio-infiltration.” [12] 

Approach:

1. Calculate the change in air pollution relative to the base or reference case. This includes reduced emissions from the operations phase, 
due to lower energy requirements.
a. Calculate avoided electricity or other fuel consumption for the project, determine the air pollution emitted from energy usage, 

and calculate lifetime avoided air pollution emissions.
2. Calculate the change in air pollution due to increased pollutant absorption as a result of new vegetation:

a. Total sum for all years of project operation:  
((Acres of grass planted) * (pollution absorption rate per acre of grass each year)) + ((Acres if green roof installed) * (pollution 

absorption rate per acre of green roof each year)) + ((Number of planted trees still living) * (Size and age-specific pollutant 
absorption rate per tree each year))

b. To calculate the age-specific pollutant absorption rate per tree the following steps are used:  
i. Number of planted trees still living: combination of healthy trees, poor trees, critical trees, and dying trees
ii. Size and age-specific air pollution absorption rate per tree each year: the weighted average diameter of trees planted increases 
each year as the trees grow, while aging trees tend to have lower growth rates, with pollution absorption rates reducing to zero
just before tree death

c. The absorption rate of green roofs and grass are taken directly from studies which calculate the amount of each pollutant 
absorbed per meter squared per year. 

3. Calculate the avoided air pollution emissions from the O&M phase and from sequestration
4. Apply a social cost of air pollution to convert air pollution reductions to a dollars value (see Appendix F for a full list of values used)

i. For the lifetime avoided air pollution emissions due to reduced electricity usage a weighted average of the social cost for urban 
and rural areas is used based on the percentage of people living in urban and rural areas nationwide. 

Components:

1. Lifetime (material, construction, operation, maintenance, demolition/reuse/recycle) energy use
2. Air pollution from electricity generation
3. Air pollution absorption rate of trees at different life stages and at different sizes
4. Air pollution absorption rate of grass and green roof vegetation
5. Social cost of different air pollutants (see Appendix F)

Includes: Health benefits from reduced criteria air contaminants (CACs) and ozone | Health benefits from avoided CACs and ozone from 
reduced direct energy consumption

Excludes: Health benefits from avoided CACs and ozone from reduced energy consumption from local buildings

Air Quality

[12]      CNT Op. Cit.
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Other possible benefits were considered by the ISI Economics Committee but were not quantified. These included community cohesion,
urban agriculture, and noise pollution.

Possible Other Benefits – Community Cohesion

“One way that green infrastructure can make communities better places to live is through its effect on ‘community cohesion’–
improving the networks of formal and informal relationships among neighborhood residents that foster a nurturing and 
mutually supportive human environment (Sullivan, Kuo and Depooter 2004). A study done by the Landscape and Human
Health Laboratory at the University of Illinois at Urbana/Champaign (UIUC) found that, “Exposure to green surroundings
reduces mental fatigue and the feelings of irritability that come with it…Even small amounts of greenery…helped inner city

residents have safer, less violent domestic environments.” (Kuo and Sullivan 2001b). Another study documents a link between
increased vegetation and the use of outdoor spaces for social activity, theorizing that urban greening can foster interactions
that build social capital (Sullivan, Kuo and Depooter 2004). Related to this effect, a further study found a meaningful
relationship between increased greenery and reduced crime (Kuo and Sullivan 2001a).” [13] 

Possible Other Benefits – Urban Agriculture

“As urban populations grow and the costs associated with rural food production and distribution continue to increase, urban
agricultural systems are being considered in order to address concerns related to food security and cost (Argenti 2000). According to
the USDA, 15 percent of the world’s food supply is currently produced in urban areas (AFSIC 2010). Green infrastructure practices
such as green roofs and tree planting can provide increased opportunities for urban agriculture and urban foraging. Urban 
agriculture can include a multitude of benefits to urban areas, including economic development, recreational and community
building activities, educational opportunities for youth and increased habitat within the urban ecosystem.“ [14] 

Possible Other Benefits – Noise Pollution

“Green infrastructure, particularly vegetative practices and permeable pavement, have the added benefit of reducing noise 
pollution. Planes, trains and roadway noise are significant sources of noise pollution in urban areas sometimes exceeding 100 
decibels, which well exceeds the level at which noise becomes a health risk. A study in Europe using porous concrete pavement
found a reduction in noise level of up to 10 decibels (Olek et al 2003; Gerharz 1999). Likewise, the British Columbia Institute of
Technology’s Centre for the Advancement of Green Roof Technology measured the sound transmission loss of green roofs as
compared to conventional roofs. The results found transmission loss increased 5–13 decibels in low– and midfrequency ranges,
and 2–8 decibels in the high frequency range (Connelly and Hodgson 2008). Hedonic pricing studies assessing the impact of road
and aircraft noise on property values find average reductions in property value per one decibel increase in noise level of 
0.55 percent and 0.86 percent, respectively (Navrud 2003).” [15] 

Other Possible Benefits

[13] CNT Op. Cit.
[14] CNT Op. Cit.
[15] CNT Op. Cit.
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RESULTS AND OUTPUTS OF THE BUSINESS CASE EVALUATOR

Monte Carlo Simulation
The Business Case Evaluator contains multiple results pages that present the results using several different formats and features. The first
page is the “Results- Monte Carlo Simulation” sheet, where the Monte Carlo Simulation is run. The user can select whether they want to run
a “Quick” (100 iterations) or “Detailed” (1000 iterations) Monte Carlo Simulation. It is recommended that the “Quick” simulation be run 
initially to ensure that all inputs have been entered correctly and to get a quick snapshot of how the results may look. 

When the run is complete, many different results are able to be viewed on this sheet. The first is a chart showing the “Percent of Results
Achieving a Lower NPV”. The two curves are in red and green; the red curve represents the probability distribution of the results for the 
Direct Financial Net Present Value (NPV), while the green curve represents the probability distribution of the results for the Sustainable
NPV. This may be useful in viewing the direct financial returns from a project in contrast with the total returns, with the externalities of the
project taken into account.

Shown above: An example of the results from the Monte Carlo simulation in the Business Case Evaluator.

The two curves can be useful in understanding what the minimum direct financial and sustainable net present values of the project are
likely to be. For example, the above chart can be interpreted in the following way: there is almost a 100% probability that the project will
yield an S-NPV greater than $100 million, with approximately a 50% probability of yielding an S-NPV greater than ~$175 million, and
there is almost a 0% probability of producing an S-NPV greater than $300 million.

Other results available on the sheet include a summary of the NPV, breakeven (in years), Sustainable Return on Investment (S-ROI), and 
Sustainable Internal Rate of Return (S-IRR) for the project. The summary includes both averages and standard deviations for the project analyzed. 

Finally, a summary of the value attributable to each cost or benefit is also shown on the sheet. For each cost or benefit, the average risk-
adjusted values from the Monte Carlo distribution are shown, along with the standard deviation of the results, and the 95% confidence 
interval. A chart showing the distribution of the results is also provided. An example of these results can be seen in the screenshot, below:

Results
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Results Summary
The results summary page contains charts and metrics so that the user can evaluate the value of the proposed project. The first charts that can
be seen on the page are two pie charts, one showing a breakdown of the value from the benefits, and the second showing a breakdown of the
value from the costs. These charts enable the user to view a quick visual representation of what most of the costs and benefits are attributed to. 

Below the charts, there is a full breakdown of the results by “account”. These accounts include the following: 

1. Direct financial value
2. Government or taxpayer
3. User/target-beneficiary or customer service
4. Economic or business activity
5. Environmental
6. Community or other

The methodology for how the values are allocated to each account can be found in the “Multiple Account Costs and Benefits” 
section of this document.

Similar to the multiple account breakdown, the results are also broken down by EnvisionTM Credit. Note that, unlike the stakeholder 
account breakdown that was shown above it, the sum of value attributed to the EnvisionTM credits do not necessarily add up to the total 
NPV of the project. This is because some of the costs and benefits are direct financial costs or benefits, hence they do not fit in any of the 
EnvisionTM credit buckets. The full methodology for how the values are allocated to each account can be found in the “Envision Credit
Costs&Benefits” section of this document. 

There are multiple metrics are provided to determine the financial viability of the proposed project. These include the profitability
indices, discounted payback period, net present value, return on investment, internal rate of return, modified internal rate of return, and
net present values of each individual cost or benefit.

Static Results
The static results page shows the projected cash flows annually over the life of the project, broken down by each cost or benefit. The dates
of project construction and project operation are taken into account, so that capital expenditure costs are paid when the project is under
construction, while operations costs and benefits are only counted when the project is in operation. Inflation is also taken into account in
the calculations.

The values on the Static Results page are not “risk adjusted”. These values automatically use the most likely values or mid-point values for
each input in the model to create estimated projections over the life of the project. 

Results
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Multiple Account Costs and Benefits
The Multiple Account Costs and Benefits worksheet serves two purposes: 1. it provides definitions of, and a clear breakdown of the cost and
benefit values allocated to, each account type (e.g. financial or direct financial value, government, economic, etc.), and 2. it allows the user
to allocate a cost or benefit to multiple accounts or to a different account than is set by default in the model. A screenshot showing the table
enabling this feature is shown below: 

There are a maximum of three accounts that can share each cost or benefit. If there is only one account allocated to a cost or benefit, the 
full value of that cost or benefit is added to that account. However, if there are two accounts sharing one cost or benefit, the value is shared
equally between the two accounts. Similarly, if three accounts share one cost or benefit, the value is shared equally between the three 
accounts. For example, if the net present value of the Air Pollution benefit is $120,000 and the benefit is shared between the “Environmental”
account and the “Government or Tax Payer” account, then $60,000 will be added to each account as a result of Air Pollution. If the user were
to decide that “Community or Other” should also be gaining from a reduction in air pollutants, they can add that account as the third 
account sharing that benefit. As a result, each account would then each gain $40,000 from the Air Pollution benefit. 

Shown above: an example of a pie chart showing the breakdown of value between key accounts. 

The total value of each account is calculated, and a pie chart is then created that shows a breakdown of the value between all the accounts. 

Results
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EnvisionTM Credit Costs and Benefits
The EnvisionTM Credit Costs and Benefits worksheet serves two purposes: 1. it provides definitions of, and a clear breakdown of the cost and
benefit values allocated to, each EnvisionTM Credit category (e.g. financial or market valuation, quality of life, leadership, etc.), and 2. it 
allows the user to allocate a cost or benefit to different credits than is set by default in the model. A screenshot showing the table enabling
this feature is shown below:

As with the Multiple Account Costs and Benefits section, there are a maximum of three accounts that can share each cost or benefit. 
If there is only one account allocated to a cost or benefit, the full value of that cost or benefit is added to that account. However, if there 
are two accounts sharing one cost or benefit, the value is shared equally between the two accounts.

Shown above: an example of a pie chart showing the breakdown of value between the credits. 

The total value of each credit is calculated, and a pie chart is then created that shows a breakdown of the value between all the 
EnvisionTM credits. The default allocation of  EnvisionTM credit categories to BCE costs and benefits is based on the maps linking 
the BCE to the  EnvisionTM rating system, found in Appendix A.

Results
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Appendix A – BCE Cost & Benefits to EnvisionTM Credits Mapping

Appendix
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Appendix B - Risk Analysis Approach
As mentioned above, meta-analysis can provide a statistical confidence interval around a most like input into the analysis. The three-point
estimation technique can then be used to construct a probability distribution representing the outcome of future events. This distribution 
is then an input into a Monte Carlo risk analysis. 

In three-point estimation, three numbers are produced initially for every distribution that is required, based on the literature searches 
information that is stored in the database. Impact Infrastructure will use academic literature (especially meta-analyses) of social values to 
record three values that reflect the current science. These high, most likely and low estimates will be used to define the probability 
distributions used in the risk analysis. The values can be any defined to be three points on the distribution:

o = optimistic or a best-case estimate (such as maximum, 95%, 90%,  80%, etc.)
m = a most likely estimate (such as mean or arithmetic average, Median, Mode, or Geometric average)
p = pessimistic or a worst-case estimate (such as minimum, 5%, 10%, 20% etc.)

These values are combined to yield a full probability density. The model currently has three choices for probability distributions – a normal
distribution for symmetric distributions, a triangular distribution for non-symmetric distributions, and a pert distribution for more flexible
or less bell-shaped density distributions. This probability density function (pdf) is then an input into a Monte Carlo risk analysis:

Example of Monte Carlo Process from “Environmental Dynamics: An introduction to modeling anthropogenic impact on natural systems” 
Cvetkovic, V.; Martinet, P.; Baresel, C.; Lindgren, G.; Nikolic, A.; Molin, S.; Carstens, 
C.: http://www2.lwr.kth.se/grundutbildning/AE2202/Compendium_online_DES/ch02s02s03.html
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For a trivial example of how the Monte Carlo analysis works, suppose the output is project return on investment (ROI) and it is calculated as 
return divided by investment. The return can be from -10 to +10 and the distribution is uniform (equal probability of each outcome between
these numbers). The investment can range from 90 (0.1% probability) to 110 (99.9% probability) with a most likely value of 100 (50% 
probability) and the values are given by a normal distribution. Assume the return and investment are independent of each other. Pick at random
a number between -10 and 10. Also pick a number at random from the normal distribution with mean 100 and standard deviation 3.3 (which
gives 90 at 0.1% level and 110 as 99.9% level). Calculate the ROI (return/investment) for this pair of random numbers and save the result (and
inputs). Then repeat the process 100 times and graph the resulting ROI distribution and calculate summary statistics.
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Appendix C – Values Used in Comparison Against Philadelphia Stormwater Analysis
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Appendix D – Changes to Business Case Evaluator Default Values for 
Philadelphia Stormwater Management Study Comparison
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Appendix E – Capital Expenditure and Operations and Maintenance Cost Estimates for 
Green Stormwater Management Components

Example Values for Capital Expenditure Estimates
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Economies of Scale Adjustments

EPA Rainfall Zone Adjustment Factors
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Appendix F – Default Values Used in Business Case Evaluator
Each cost or benefit has default values that are used to quantify the project’s impact on the variable. 
The key values used in the Business Case Evaluator are shown below:

Floor Risk Model

Property Model

Heat Mortality Model

CO2 Emissions Model
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Air Pollution Model

CO2 Emissions Model

Water Quantity Vaule Model

The user has the ability to modify some of the values in the model, if they have values that they believe are more accurate 
for their project than the default values used. All the values that can be modified in the model are presented on the model 
variable values page, for the convenience of the user.
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Appendix G – Social Discount Rate
The social discount rate is used in the Sustainable Net Present Value (S-NPV) analysis.

The value of the social discount rate can have a large impact on the sustainable NPV of the scenarios. Lower discount rates will favor capital
intensive scenarios relative to those that have less capital upfront but perhaps more ongoing costs such as operating and maintenance
(O&M) costs. As an example a 3% discount rate applied to a $100 cost 100 years from now is equivalent to about $5 today. At an 8% 
discount rate the cost would be only about $0.05 in present day terms.

The social discount rate can be thought of as measuring a time preference for the present over the future and an opportunity cost that 
using resources today means that they are not invested for use later. The time preference can also be thought of as being composed of a
pure time preference and a premium for the uncertainty that benefits and costs in future will materialize.

Alternatively, the social discount rate can be thought of as measuring the opportunity for re-investment and compounding of benefits 
received or costs deferred.

These three effects are called, in the economics literature, the rate of time preference, the risk adjustment of the discount rate, and the 
social opportunity cost of capital.

For U.S. government analyses the OMB recommends using both the time preference rate (which tends to be lower and is estimated at 
3 % in real terms on a pre-tax basis) and the opportunity cost rate (which is higher and estimated at a real pre-tax 7% rate, reflecting the 
foregone rate of return). For Canadian government analyses the Canadian Federal Government recommends using a real rate of 8%. 

Social Opportunity Cost of Capital

The social opportunity cost of capital is the expected rate of return forgone from other potential investments. “If government investment
comes at the expense of private investment, the cost to the economy is measured by the social returns that would have been generated by
that investment. This has been variously labelled the investment rate of interest, the producer rate of interest, the marginal rate of return to
investment or capital, the marginal efficiency or product of capital, or the social opportunity cost of capital.”[1]

The U.S. federal government Office of Management and Budget (OMB) estimated[2] that social opportunity cost of capital as measured by
the real, pre-tax rate[3] of return on all sources of private capital in the United States is approximately 7%. This rate is the social opportunity
cost of capital it is the cost of diverting funds to government projects that could be productively used elsewhere; “it is the appropriate 
discount rate whenever the main effect of a regulation is to displace or alter the use of capital in the private sector.”[4]

The OMB also notes that if a project is expected to displace corporate business investment then sensitivity at a higher than 7% rate also be
done, reflecting the foregone rate of return. If business investment alone is used as a source of capital the OMB puts this figure at about
10%. In addition, the recommended 7% social opportunity cost of capital only reflects the average degree of risk of displaced projects it
does not include any premium of adjustment for the uncertainty of degree of uncertainty of risk for the scenarios considered.

Rate of Time Preference

“We saw why individuals might have a pure time rate of preference: People are impatient; they don't live forever; possessions can be lost,
destroyed, or stolen, and opportunities disappear. A reasonable individual may discount the future for any one of these reasons-why should
I pay money now to reduce damages from global warming that will only occur after I am dead?-but the same logic does not apply to 
society: Relative to the individuals of which they are composed, societies are immortal and uncertainties are averaged out. For this reason,
there is, in fact, fairly wide consensus within the economics profession that social discount rates should indeed be lower than individual 
discount rates. The social discount rate is a rate of conversion of future value to present value that reflects society's collective ethical 
judgment, as opposed to an individualistic judgment, such as the market rate of interest.”[5]

“When regulation primarily and directly affects private consumption (e.g., through higher consumer prices for goods and services), a lower
discount rate is appropriate. The alternative most often used is sometimes called the "social rate of time preference." This simply means the
rate at which "society" discounts future consumption flows to their present value. If we take the rate that the average saver uses to discount
future consumption as our measure of the social rate of time preference, then the real rate of return on long-term government debt may
provide a fair approximation. Over the last thirty years, this rate has averaged around 3 percent in real terms on a pre-tax basis. For 

60ENVISIONTM STORMWATER MANAGEMENT BUSINESS CASE EVALUATOR v3.0 DOCUMENTATION MANUAL

Appendix



example, the yield on 10-year Treasury notes has averaged 8.1 percent since 1973 while the average annual rate of change in the CPI over
this period has been 5.0 percent, implying a real 10-year rate of 3.1 percent.”

So, the OMB estimates the time preference rate at 3.1% and the social opportunity cost of capital to be 7%. U.S. government guidelines
suggest that both be used, a base rate of 7% and a sensitivity of 3.1%.

Social Discount Rate and Sustainability

The social rate of discount is a contentious issue. For sustainability analysis in particular, there is much dissension because of the long-time
horizons involved. Some sustainability advocates have argued for a zero or very low discount rate so that long-lived environmental costs 
are dealt with sooner rather than deferred for future generations. Or alternatively, the benefits of distantly realized environmental 
improvements are not reduced in decision made today. A zero discount rate gives equal weight to present and future generations.

From the U.S. EPA:

"Analysts disagree whether long time horizon problems merit special consideration.  Some economists and policy analysts argue that 
benefits accruing to future generations should not be discounted at all.  Others believe that intergenerational concerns can often be 
addressed by using a social rate of time preference—the rate of time preference modified to reflect intergenerational equity considerations
…The draft EPA white paper on discounting suggests that when faced with a situation involving intergenerational concerns, the analyst
should acknowledge that both sides of this debate have merit and calculate the present value of future benefit streams using both a 
zero discount rate (not discounting at all) and the rate of time preference (effectively discounting all expected future benefits in the 
same way)…" [6]

One argument for a low rate when considering sustainability issues is that the opportunity cost of capital depends on growth and 
sustainability advocates point out “the economy as a whole cannot grow indefinitely, in which case a social discount rate into the 
indefinite future may be inappropriate.”[7]

Also, the profitability of investments used in the opportunity cost calculation “are "profitable" because we ignore many of the costs of 
production. We know that all human productive activities use up natural resources and return waste to the environment, and these costs 
of production are often ignored.”[8]

“Applying a zero discount rate also presumes that the estimates of very long-term consequences are as reliable as estimates of 
consequences that are expected in the short term. It gives equal weight to an estimated consequence in hundreds of years as it does to 
one that will occur today, even though there is much less reason to believe that the future consequence will unfurl as currently predicted
…There is little doubt that people value sustainability and are concerned about the state of the environment and the quality of life that 
future generations will inherit. However there are better ways to take this into account in benefit-cost analysis than by imposing a zero 
discount rate in the evaluation of forecast long-term consequences.”[9]

The OMB recommends that if a project “will have important intergenerational benefits or costs you might consider a further 
sensitivity analysis using a lower but positive discount rate in addition to calculating net benefits using discount rates of 3 and 7 
percent.”[10] (Emphasis added).

U.S. Department of Transportation (USDOT) Transportation Investment Generating Economic Recovery (TIGER) Discretionary Grants 
guidance recommends the same (7% or 3%) discount rate but also a 3% for monetized carbon dioxide emissions benefits and costs: 
“…carbon emissions are valued differently from other benefits and costs from the perspective of discount rate. Applicants should continue
to calculate discounted present values for all benefits and costs (that exclude carbon dioxide emissions) at 7% and 3%, as recommended 
by OMB Circular A-94. To these non-carbon NPV benefits, the Applicant should then add the corresponding net value of carbon dioxide
emissions, as calculated from the 3% SCC value.” [11]
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International Comparisons

Social discount rate recommendations vary considerably. One review across countries identifies recommendations ranging from 1 to 15%. [12]

In small open economies, such as Canada, calculations of a weighted average social opportunity cost of capital depends on how much 
private investment is displaced and the ability to attract foreign investment. The lower limit on the estimate should be the cost of foreign
borrowing. Federal government estimates of real pre-tax rates in Canada have fallen from 10% to 8% but have always been higher than 
the U.S. 7% rate. In a contrary view, for the province of Ontario, Spiro [13] estimates the social discount to be a real 5% rate of return.

Social Discount Rate Conclusion

The BCE follows the U.S. Federal Government guidance and uses a 7% real discount rate as the default rate for U.S. projects. For Canadian
projects the BCE follows the Canadian Federal Government guidance and uses an 8% real discount rate as the default rate. This value can be
over-ridden in the advanced inputs section.

The BCE also gives the user the option to use a private discount rate or Weighted Average Cost of Capital (WACC) instead of the social cost of
capital. If the project proponent is a private entity this may be appropriate. The private discount rate or weighted average cost of capital can
be input using the funding sources and costs or the overall resulting WACC.

[1] Valuing the Future: the social discount rate in cost-benefit analysis by Mark Harrison for the Australian Productivity Commission. April 2010
http://www.pc.gov.au/__data/assets/pdf_file/0012/96699/cost-benefit-discount.pdf

[2] Circular A-4 http://www.whitehouse.gov/omb/circulars_a004_a-4, Circular A-94 Guidelines And Discount Rates For Benefit-Cost Analysis Of Federal
Programshttp://www.whitehouse.gov/sites/default/files/omb/assets/a94/a094.pdf, and Circular A-94 Appendix C Revised December
2012http://www.whitehouse.gov/omb/circulars_a094/a94_appx-c

[3] The OMB states that “The pre-tax rates of return better measure society's gains from investment “because of the distortions due to taxes. Economic distortions, including taxes on capital,
create a divergence between the rate of return that savers earn and the private rate of return to capital. This divergence persists despite the tendency for capital to flow to where it can earn the
highest rate of return. Although market forces will push after-tax rates of return in different sectors of the economy toward equality, that process will not equate pre-tax rates of return when
there are differences in the tax treatment of investment. Corporate capital, in particular, pays an additional layer of taxation, the corporate income tax, which requires it to earn a higher pre-tax
rate of return in order to provide investors with similar after-tax rates of return compared with non-corporate investments.”

[4] Circular A-4 http://www.whitehouse.gov/omb/circulars_a004_a-4

[5] Ecological Economics: Principles and Applications, Herman Daly and Joshua Farley, Washington: Island Press, 2004, pp.273-274.

[6] U.S. Environmental Protection Agency Office of Air Quality Planning and Standards Innovative Strategies and Economics Group “OAQPS Economic Analysis Resource Document”
http://www.epa.gov/ttnecas1/econdata/Rmanual2/8.3.html

[7] Ecological Economics: Principles and Applications, Herman Daly and Joshua Farley, Washington: Island Press, 2004, pp.273-274.

[8] Ibid.

[9] Multiple Account Benefit-Cost Analysis A Practical Guide for Systematic Evaluation of Project and Policy Alternatives by Marvin Shaffer, University of Toronto Press, 2010, pp. 130-1

[10] Circular A-4

[11] TIGER BCA Resource Guide (2014)  http://www.dot.gov/sites/dot.gov/files/docs/TIGER%20BCA%20Resource%20Guide%202014.pdf

[12] Valuing the Future: the social discount rate in cost-benefit analysis. Visiting Research Paper, April 2010. Australian Government. Productivity Commission. Mark Harrison 2010

[13] The Social Discount Rate for Provincial Government Investment Projects by Peter S. Spiro http://www.peterspiro.com/Social_Discount_Rate.pdf
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