
Low (lbs/SF) High (lbs/SF)

NO2 3.00x10-4 4.77x10-4

O3 5.88x10-4 9.20x10-4

SO2 2.29x10-4 4.06x10-4

PM-10 1.14x10-4 1.33x10-4

Benefit Measurement and Valuation

3. AIR QUALITY
STEP 1 -	QUANTIFICATION	OF	BENEFIT:	
REDUCED CRITERIA POLLUTANTS
This section 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.

GREEN ROOFS
Direct air quality benefits from green roofs depend on several 
local factors. Different plant species take up pollutants at 
different rates, so the type of species planted will influence the 
magnitude of air quality improvement. Local climate factors also 
influence plants’ air quality effects. In cold weather climates, 
plant uptake will be lower during seasons when plants may 
be covered in snow. Climates with longer growing seasons will 
see greater air quality improvements, all else being equal, than 
those with shorter seasons. 

To estimate the direct benefits of green roofs on air quality, we 
recommend the following range of values as an initial order 
of magnitude approximation of annual pounds of pollutant 
removed per square foot of practice installed:
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Table 3.1

Source: Currie and Bass (2008) and Yang, Qian and Gong (2008)

The following equation illustrates how to quantify the direct 
benefit received based on the area of the practice and the 
average pollutant uptake/deposition for that practice:

area of practice (SF) * 
average annual pollutant uptake/deposition  (lbs/SF) 
= total annual air pollutant uptake/deposition (lbs)

Keep in mind that the subsequent example calculations will only 
walk through the quantification of reduced NO2.  Other criteria 
pollutants will not be illustrated, but they should be calculated 
when conducting a comprehensive benefit analysis.

Example 3.1:
Using the above equation, a 5,000 SF green roof could lead to an 
improved direct nitrogen dioxide (NO2) uptake capacity as follows:

Lower Bound (using 3.00x10-4 lbs/SF/yr)
5,000 SF * 3.00x10-4 lbs/SF = 1.50 lbs total annual NO2 uptake

Upper Bound (using 4.77x10-4 lbs/SF/yr)
5,000 SF * 4.77x10-4 lbs/SF = 2.39 lbs total annual NO2 uptake

In this case, the 5,000 SF green roof would on average take up between 
about 1.50 and 2.39 pounds of NO2 annually.



Small tree: 
Crabapple
(22 ft tall, 
21 ft spread)

Medium tree: 
Red Oak
(40 ft tall, 
27 ft spread)

Large tree: 
Hackberry
(47 ft tall, 
37 ft spread) 

NO2 Uptake 
and Avoided

0.39 lbs 0.63 lbs 1.11 lbs

SO2 Uptake 
and Avoided

0.23 lbs 0.42 lbs 0.69 lbs

O3 Uptake 0.15 lbs 0.2 lbs 0.28 lbs

PM-10 Uptake 
and Avoided

0.17 lbs 0.26 lbs 0.35 lbs
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The following equation illustrates how to reach a quantified 
benefit from a tree planting:

no. of trees * average annual uptake and 
avoided pollutant emissions (lbs/tree) 

= total annual air pollutant reduction (lbs)

Example 3.2:
Given the data from Table 3.2, it is possible to use the above 
equation to determine the annual nitrogen dioxide (NO2) benefit 
of 100 medium-sized trees planted in the Midwest Region.

100 medium trees * 0.63 lbs NO2/tree = 63 lbs total annual NO2 
reduction 

Figures provided by the Tree	 Guides for criteria air pollutant 
abatement include both the direct (uptake and deposition) and 
indirect (avoided power plant emissions) benefits, which must 
be kept in mind in order to avoid double-counting these benefits 
in later calculations. Once a total abatement figure is reached, 
it is possible to move directly to calculating the monetary value 
of that tree practice, as outlined in the “Valuation of Quantified 
Benefits” section.

BIORETENTION AND INFILTRATION
Although many studies agree that vegetative infrastructure 
elements such as bioswales, rain gardens and other bio-
infiltration techniques can provide considerable air quality 
benefits, there is currently a lack of scientific research measuring 
and quantifying the direct air pollution uptake potential of these 
practices.  Without studies that derive specific uptake values for 

TREE PLANTING
Climate zone, existing air quality and pollutant levels, and the 
size, age and type of tree all play a role in determining the uptake 
potential of tree planting.

The Forest Service Tree	Guides estimate the level of air quality 
benefits from trees according to climate zone. The tables in the 
guides’ appendices are structured based on the size of the tree 
(with example tree types provided) and the location of the tree 
with respect to a surrounding building. One can then estimate 
air quality benefits based on these factors (on a per tree basis) 
using the “Uptake and Avoided” data provided in the Tree	
Guides’ appendices.  

As an example, Table 3.2 shows the 40-year average air quality 
impacts from trees in the Midwest Climate Region.

Table 3.2 
Annual Criteria Pollutant Reductions (uptake and avoided) 
from	1	tree,	40-year	average,	Midwest	Region

Source: McPherson, E. et al. 2006
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bio-infiltration practices, this guide cannot provide the steps to 
calculate the direct uptake benefit at this time, as further field 
research and data collection is needed.

Once an average value is quantified (in lbs/SF), provided 
sufficient research data is published, it can be substituted into 
the equation below:

total area of practice (SF) * average annual uptake/
deposition (lbs /SF) 

= total annual pollutant uptake/deposition (lbs)

This equation could then be used to derive the total air pollutant 
uptake benefit for a given bioswale or rain garden and later to 
monetize the practice’s direct uptake benefit.

Indirect Benefits
As stated above, this section quantifies not only the direct 
(uptake and deposition) means by which air quality is improved, 
but also the indirect means (avoided emissions) that provide air 
quality improvements.   

Practices that indirectly lower emissions of air pollution 
include any practices that reduce energy consumption through 
decreased energy use in neighboring buildings or through 
reduced water treatment needs.  These benefits are quantified 
in the “Energy” section, and they should be accounted for here 
to estimate in pounds the reduction of criteria air pollutants 
stemming ultimately from reduced water treatment.

The production of electricity in fossil fuel power plants entails the 
emission of nitrogen dioxide and sulfur dioxide.  Furthermore, 

the burning of natural gas in homes and businesses produces 
additional indirect air pollutant emissions. In order to quantify 
this impact, multiply the estimated electricity use reduction 
calculated here in the “Energy” section by emissions factors 
provided by the US EPA. It is important to keep in mind that the 
net air quality benefit from trees was already calculated above, 
so to avoid double counting, do not recalculate the reduced 
pollutants from trees here.

The following equations are used to calculate the total avoided 
criteria pollutant emissions from reduced energy usage in terms 
of electricity and natural gas, respectively. Specific practice-
based calculations follow from the calculations completed in 
the “Energy” section and do not require additional individual 
explanation.

Benefit from kWh of Electricity Saved

annual electricity reduction (kWh) * 
emissions factor (lbs/kWh) 

= annual avoided pollutant emissions (lbs)

In its online eGRIDweb application, the USEPA provides the 
following figures for estimated annual output emissions rates of 
national electricity production:

•	 NO2: 1.937 lbs/MWh » 0.001937 lbs/kWh
•	 SO2: 5.259 lbs/MWh » 0.005259 lbs/kWh
Source:	USEPA	2005
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Please note that although power plants and electricity generators 
emit both ozone and certain particulates into the atmosphere, 
data could not be found to quantify the emissions factors for 
those variables.

Example 3.3:
Using the example 5,000 square foot green roof again, remember 
the annual cooling savings determined in Example 2.1:

5,000 SF * 0.2244 kWh/SF = 1,122 kWh in cooling savings 
annually

Given the reduced electricity use of 1,122 kWh, the NO2 emission 
benefits from that reduction are:

1,122 kWh * 0.001937 lbs/kWh = 2.17 lbs avoided NO2 emissions 
from cooling savings annually

More locally-specific figures can be found in the eGRIDweb 
application. This tool provides emission rates by state, grid 
region and power plant or generating company.

Benefit from Btu of Heating Natural Gas Saved

annual heating natural gas savings (Million Btu) * 
emissions factor (lbs/Million Btu) 

= annual avoided criteria pollutant emissions (lbs)

In the same online eGRIDweb application used previously, the 
USEPA provides the following figures for the national annual 
emission factors per Btu of natural gas input:

•	 NO2: 0.721 lbs/Million Btu
•	 SO2: 0.266 lbs/Million Btu
Source:	USEPA	2005

Please note that although the burning of natural gas emits 
both ozone and certain particulates into the atmosphere, data 
could not be found to quantify the emissions factors for those 
variables.

Example 3.4:
Using the example 5,000 square foot green roof again, remember 
the annual heating natural gas savings (Btu) determined in 
Example 2.2:

7,231.75 Btu/SF * 5,000 SF = 36,158,750 Btu = 36.15875 Million 
Btu annually in heating natural gas savings

Given the reduced heating natural gas use of 36.15875 Million Btu 
and using the US EPA emissions factors above of 0.721 lbs NO2 /
Million Btu, the NO2 emission benefits from that reduction are:

36.15875 Million Btu * 0.721 lbs NO2/Million Btu = 26.07 lbs 
avoided NO2 emissions from heating natural gas savings 
annually

Total Benefit from Electricity and 
Heating Natural Gas Savings
Now that the indirect air quality benefits from electricity and 
natural gas savings have been quantified, the pounds of criteria 
pollutants calculated from both can be added together.  This 
summation will make the later valuation calculation less 
complicated. 

annual avoided pollutant emissions from reduced 
electricity (lbs) + annual avoided criteria pollutant 
emissions from reduced heating natural gas (lbs) 
= total avoided criteria pollutant emissions from 

electricity and heating natural gas savings annually
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Example 3.5:
Taking the answers from Examples 3.3 and 3.4, the total indirect 
benefit from electricity and heating natural gas savings can be 
quantified as:

2.17 lbs avoided NO2 (Example 3.3) + 26.07 lbs avoided NO2

(Example 3.4) = 28.24 lbs avoided NO2 emissions from reduced 
cooling and heating energy use annually.

Now, one can quantify the total air quality benefit by adding 
together the total direct criteria pollutant uptake/deposition 
benefit and the total indirect avoided emissions benefit (from 
reduced energy use) for each practice.  

∑ total criteria pollutant uptake/deposition benefit (lbs) 
+ total avoided criteria pollutant emissions (lbs) = total 

annual criteria pollutant reduction benefit (lbs)

STEP 2 -	VALUATION	OF	QUANTIFIED	BENEFITS:	
REDUCED CRITERIA POLLUTANTS
In order to arrive at a value for the benefits of air quality 
improvements from green infrastructure, one must estimate the 
price or cost (per pound) of the standard air pollutants discussed 
in this guide. 

The following numbers represent US Forest Service 
recommendations for valuation of criteria air pollutants:

•	 NO2	=	$3.34/lb	 	 •			SO2 = $2.06/lb
•	 O3	=	$3.34/lb	 	 •			PM-10	=	$2.84/lb
Source:	McPherson	et	al.	(2006),	Wang	and	Santini	(1995)

The equation below allows for valuation of air quality benefits 
derived from using green infrastructure practices:

total annual criteria pollutant reduction benefit (lbs) * 
price of criteria pollutant ($/lb) 

= total value of pollutant reduction ($)

Example 3.6:
Recall that Example 3.1 found that a hypothetical 5,000 SF green 
roof yields an annual nitrogen dioxide (NO2) uptake benefit 
between 1.50 and 2.39 pounds of NO2 reduction, or an average 
of 1.95 pounds.  Furthermore, Example 3.5 found the same roof 
yields 28.24 pounds of indirect NO2 reduction.  Notice that these 
figures are the same resource unit and can be summed as follows:

∑ 1.95 lbs NO2 + 28.24 lbs NO2 = 30.19 lbs NO2

Given the above valuation equation and a price per pound of NO2 
of $3.34/lb, the following calculation determines the monetary 
value of the on-site uptake and off-site emissions benefits, as 
follows: 

30.19 lbs NO2 * $3.34/lb NO2 = $100.83

Thus, the green roof would lead to a monetary benefit from on-
site and off-site NO2 benefits of about $100.83 annually.
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The Role of Permeable Pavement in 
Improving Air Quality 

In addition to green roofs, trees, and bioretention and 
infiltration practices, permeable pavement can also 
improve air quality and reduce atmospheric CO2. Permeable 
pavement reduces the amount of water treatment needed 
by allowing stormwater to infiltrate on site, in turn reducing 
air pollution and CO2 emissions from power plants. It also 
decreases ground level ozone formation and helps to lower 
pavement surface temperatures by reducing the amount of 
heat absorbed. This helps to cool the air and decrease the 
amount of energy needed for cooling. It also mitigates the 
urban heat island effect.

A recent study comparing pervious concrete to traditional 
pavement found that “…while the pervious concrete 
becomes hotter than the surrounding air temperature 
during the daytime much less heat is transferred and stored 
in the underlying soil than the traditional pavement. Even 
though the pervious concrete became warmer than the 
traditional [concrete], at night the pervious concrete was 
equal to or cooler than the [traditional concrete] pavement. 
This indicates less heat storage potential and a greater rate 
of cooling in the pervious concrete versus the traditional 
system” (Kevern, J.T. et al. 2009b).

While research has demonstrated the ability of permeable 
pavement to improve air quality and reduce atmospheric 
CO2, not enough data exists to walk through a valuation of 
these benefits at this time. 


