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Considerations and Limitations 
This section explains key considerations and limitations to the 
preceding quantitative research and analysis.  Due to the nature 
and scope of this report, every local project will have its own set of 
case-specific variables and uncertainties that must be evaluated. 
Particularly when undertaking a more rigorous benefit analysis of 
a specific green infrastructure program, please keep the following 
considerations in mind. 

Full Life-Cycle Analysis
While a full life-cycle analysis is an important piece of the decision 
making process, it is beyond the scope of this guide, which has 
focused only on benefits. That said, it is important to note that 
when performing this type of valuation analysis, consideration 
of the counterfactual comparison is necessary. In other 
words, clearly defining what is being compared is critical. For 
example, is the analysis comparing whether or not to use green 
infrastructure instead of conventional grey infrastructure, or is 
the comparison between no change and the implementation of a 
green infrastructure project? This counterfactual understanding 
is important when valuing the overall costs and benefits of an 
action and should be clearly defined prior to working through a 
life-cycle analysis comparison.

Local Performance and Level of Benefits Realized
Detailed considerations of local and site-specific variables that 
impact green infrastructure performance are largely addressed 
in the previous quantitative section on a case-by-case basis. 
However, the need for local data when working through a 
framework for valuing a green infrastructure project or program 
remains crucial.

Recall that, as stated previously, the placement of trees relative 
to neighboring buildings will impact the amount of energy saved 
or that the media depth of a given green roof will impact its 
water retention capacity.  Site-specific considerations should be 
made (when possible) for each benefit analysis in order to more 
precisely calculate the benefits accrued from a given project.

Regional and local variables, such as climate, also play a large 
role.  Two green infrastructure installations with the exact same 
specifications can result in drastically different levels of benefits 
when implemented in different locations.  For example, climate 
largely determines the reduction in building energy use resulting 
from trees.  As discussed in the “Energy” section, shading 
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buildings in cool regions can actually cause an increase in energy 
demand, while reducing wind speeds in warm regions has little 
to no impact.

Spatial Scaling and Thresholds
Given the lack of large-scale green infrastructure programs and 
research analyzing their performance, it is uncertain whether 
one can estimate potential benefits from a community-wide 
program simply by scaling up smaller-site data.  In other words, 
the benefits from a specific practice may or may not have a linear 
relationship to the scale of a project.

Some examples used in this guide provide estimates for linear 
multipliers (for example, the energy saved per square foot of a 
green roof in the “Energy Section”) and rely on the assumption 
that the benefit from one unit of a practice is proportional to the 
benefit from 100 units of the same practice. The complexity of 
natural functions, however, does not necessarily lend itself to 
such a simplified aggregation, and system level considerations 
are important.

Instead of having a linear relationship, it is also possible that 
green infrastructure could function similarly to the concept of an 
“economy of scale.” This would be the case if the benefits accrued 
from a practice have a proportionately greater effect on a large 
scale than they would if practiced over a small area. In effect, the 
green infrastructure practice would provide the maximum level 
of benefit only after achieving a certain scale of implementation. 
For example, the water quality improvement from a constructed 
wetland would be significantly and disproportionately larger than 
the water quality improvement from a smaller-scale rain garden. 

An equally important consideration within spatial scaling is the 
concept of an ecological threshold, which can be described as 
“the point at which there is an abrupt change in an ecosystem 
. . . or where small changes in an environmental driver produce 
large responses in the ecosystem” (Groffman et al 2006). For 
example, urban heat island mitigation benefits that result from 
green infrastructure practices may only be realized at an as yet 
unknown level of incremental spatial implementation.  A forest 
may provide significant cooling benefits, while a smaller number 
of individual trees in an urban area may have a negligible impact.  
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Temporal Considerations and Scale
Discounting
When evaluating an investment, economists use a process 
known as discounting, or present-value determination, to 
calculate the present-dollar equivalent of an investment’s future 
benefits.  In other words, discounting “translate[s] the values of 
future impacts into equivalent values in today’s monetary units” 
(Goulder and Stavins 2002).

The term “discounting” refers to the adjustment one makes 
to account for future uncertainty (or the opportunity cost of 
money: a dollar today is not worth the same as a dollar five years 
down the road). Our society generally values what an investment 
gives us in the present more than what we might get for it in the 
future.  The reason for this is future uncertainty, and as such, 
the future value or benefit of an investment must be adjusted or 
discounted. It is a technique widely used in benefit-cost analyses 
to understand and compare a project’s implications (its rate 
of return) over a given temporal scale. Please note, however, 
that “applying a discount rate is not giving less weight to future 
generations’ welfare” (Stavins 2005). Instead, it simply converts 
the net impacts from an investment over time into common 
units (Stavins 2005). 

The controversy over discounting arises not from the concept 
itself but from how one determines which “social discount 
rate” is appropriate to use, particularly when evaluating 
environmental considerations. When a discount rate is chosen, 
there is an implicit judgment made about the value of the future. 
Oftentimes, an individual and a community value future benefits 
from a given green infrastructure project or program differently. 
Furthermore each green infrastructure practice behaves 
differently over time and requires specific considerations when 

performing discounting calculations. For these reasons, this 
guide makes no specific discount rate recommendations.

When proposing a large or long-term green infrastructure 
project, an in-depth discounting analysis, tailored to the specific 
case at hand, should be performed.

Operation and Maintenance
As is the case with conventional stormwater controls, green 
infrastructure depends upon regular maintenance to realize 
maximum benefits. When undertaking a green infrastructure 
project, it is important to fully consider the life cycle of the vegetation 
or capital used. Understanding the amount of maintenance involved 
in achieving the full benefit from a given practice is extremely 
important when undertaking large-scale green infrastructure.  
Many benefits of GI depend on regular maintenance. For example, 
vegetated green infrastructure elements, like plants on a green roof 
or tree plantings, will only sequester carbon as long as someone 
properly and routinely maintains them.

Other more capital-intense green infrastructure may require 
operational maintenance (for example, regularly cleaning permeable 
pavement for optimal performance) and repair over time to extend 
the life of the practice and to ensure that maximum benefits are 
realized. Conventional grey infrastructure, however, requires regular 
maintenance as well. Full lifecycle analysis must also evaluate 
operation and maintenance costs of conventional projects, which 
periodically require intense capital investments themselves.
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Pricing Variability 
During the valuation step (Step 2) in each subsection of the 
“Economic Valuation in Action” part of this guide, market 
prices are needed to calculate a final monetary value for each 
benefit. Although recommendations or sample prices for water 
treatment, electricity, criteria air pollutants and carbon can be 
found in the “Water,” “Energy,” “Air” and “Climate” sections, 
respectively, it is important to tailor these values to specific 
local data numbers whenever possible.  The prices used in these 
calculations will have a significant impact on the magnitude of 
monetary value realized.

In addition, it is often difficult to find a strict market value for 
variables that may be too abstract or complicated to put in a 
market setting or in monetary terms.  This lack of certainty is 
most pronounced in sectors that currently have few or no 
markets from which to derive prices.  Prominent examples of 
this uncertainty can be taken from the debate over the value 
of a statistical life or the price of carbon.  Property values and 
hedonic pricing (i.e. the perceived value of a good or service) 
also have an inherent degree of uncertainty and subjectivity 
when used to derive the value of a good or service.

For the purpose of this guide, it is necessary to rely on existing 
estimates to value the benefits of green infrastructure.  However, 
given local variations, pricing uncertainty and economic 
fluctuation, market prices will likely vary over time.  Please keep 
these considerations in mind when undertaking any in-depth 
analysis of green infrastructure valuation.

Double Counting
Summing up the benefits from multiple green infrastructure 
practices can be extremely complex, as many of the benefits 
are interconnected and correlated.  This creates the risk of 
double counting or capturing the value of the same benefit 
multiple times. For example, in the “Water” section, valuation 
estimates from a property value study may account for both 
water treatment costs and reduced risk of flooding. Many of 
these specific precautions are directly addressed in each of the 
valuation sections.  

It is important to keep in mind which aspects of each benefit 
are being captured in each stage of the valuation.  For example, 
valuing the benefit of direct cost savings from reduced water 
treatment needs captures the cost of the energy associated 
with the treatment.  It is, therefore, not necessary to account for 
the direct cost savings from the reduced energy use associated 
with reduced water treatment.  It is, however, important to still 
calculate the energy reduction associated with reduced water 
treatment needs, because it is unlikely that the reduced emissions 
associated with the reduced energy use are captured in the direct 
cost savings from the reduced water treatment needs.

Also, as discussed in detail in the “Climate Change” and “Air 
Quality” sections, remember that the direct and indirect benefits 
realized from trees are combined.  Because the Tree	 Guides 
consider carbon sequestration and avoided carbon dioxide 
emissions from reduced energy use in conjunction, it is important 
to not include these benefits twice.  The same holds true for 
pollutant uptake and avoided emissions resulting from trees. 
 


