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Executive Summary
Urban trees are part of the green infrastructure of a city - performing essential ecosystem 
services including carbon sequestration and storage, stormwater management, and contributing 
to the overall livability of urban communities. The University of Wisconsin - Madison is currently 
beginning a master planning process that will include a Landscape Master Plan and Green 
Infrastructure Plan. Quantifying the benefits of the urban forest will assist this process of 
understanding current assets on campus and justification from an economic and social 
standpoint of the importance of quality green infrastructure on campus. This project utilizes 
i-Tree Software, a freely available, peer review software suite generated and maintained by the 
USDA Forest Service to quantify the environmental, economic, and stormwater benefits of the 
campus tree canopy. 

i-Tree Eco utilizes either complete tree inventories or randomized sample plot inventories, 
combined with hourly air pollution data and meteorological data, to provide an overview of 
forest structure, environmental effects, and fiscal value. In this case, the software input was 
the complete tree inventory maintained by Facilities Planning and Management, with some 
augmentation by the author. The analysis of the 4,209 trees and 190 species on campus yielded 
the following economic benefits of campus trees:

Structure Values:

• Structural Value: $7,555,746.0
• Carbon Storage: $2,775.19 - $183,596.09

Functional Value:

• Carbon Sequestration: $828.79 – 5,371.80
• Pollution Removal (with health care costs): 4,114.65
• Lower energy costs: $553.67 - $9,826.06

i-Tree Hydro conducts hourly forecasting of runoff volume and quality based on land cover - 
including canopy cover - and impervious values. After establishing a “base case” scenario, 
users can alter parameters including impervious area, directly connected impervious area, 
and land cover types to compare to the base scenario. In addition to the base scenario, 
three alternative scenarios were applied. The first evaluates additional canopy cover with 
no other land use changes, the second disconnects some of the impervious area, and the 
third decreases impervious area and increases canopy cover. These scenarios illustrate how 
land use changes on campus can substantially improve its impact on both water quality and 
hydrologic regimes (volume and peak flows).

The results of this i-Tree analysis provide an important context for the valuation of campus trees 
as Facilities Planning and Management moves forward with the master planning process. Urban 
trees not only provide significant environmental and economic function, but also contribute 
towards defining campus spaces, from scenic tree-lined right of ways to shaded green 
areas. Furthermore, campus trees provide specimens readily available to students learning 
dendrology, urban forestry, and ecology. While this quantitative analysis provides fodder for 
understanding urban greening as infrastructure, we must also consider the qualitative and 
livability benefits provided by a robust urban forest. For the campus planning community to 
maximize the benefit of these results, it is prudent to not only refine the results through an 
improved tree inventory, but also continue to seek innovative opportunities to value less tangible 
benefits.
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Definition	of	Terms

Green Infrastructure: Green infrastructure is an urban design concept for protecting natural 
systems and processes and for reducing environmental impacts from the built environment. Early 
conceptualizations of green infrastructure emphasized the conservation potential of maintaining 
green space networks in developing regions to protect threatened habitats and maintain 
biodiversity and other ecosystem functions (see e.g. Benedict & McMahon, 2006). A second 
definition has emerged which focuses more specifically on green stormwater infrastructure. This 
refers to “systems and practices that use or mimic natural processes to infiltrate, evapotranspirate, 
or reuse stormwater or runoff” (Rouse & Bunster-Ossa, 2013, p. 10).

Gray Infrastructure: traditional means of stormwater management, relying on pipes and rapid 
conveyance systems (Debo & Reese, 2003).
Ecosystem Services: the benefits that ecosystems provide for people (Rouse & Bunster-Ossa 
2013). Generally expressed in economic terms, these services are divided into four categories 
(Entrix, Inc, 2010; Hassan, Scholes & Ash, 2005):

• Provisioning services that provide fresh water, food, fiber or other materials;
• Regulating services that improve air and water quality;
• Supporting services such as nutrient cycling, soil formation and pollination;
• Cultural services such as education, recreation, and aesthetic values.

Total Impervious Area (TIA): The amount of impervious surface area in a given drainage area 
is a, if not the, major factor in determining water quality in watersheds with conventional, grey 
infrastructure approaches to stormwater management.

Directly Connected Impervious Area (DCIA): DCIA refers only to the impervious areas in a 
watershed that drain directly into a stormwater conveyance system and discharge into a water-
body with no opportunity for infiltration or treatment (Brabec et al. 2002).
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1. Introduction
Planning and the Urban Forest
Though urban areas occupy a relatively small physical footprint, they generate substantial consumptive 
demand and produce waste that spreads their impact beyond their physical boundaries (Alberti, 2005). As 
more of the human population moves to cities, urban areas are being called upon to not only reduce their 
impacts on natural areas, but also to fulfill many of the ecosystem services being lost (Lovell, 2013). 

Planners, designers, and engineers are increasingly seeking to restore ecosystem services to urban areas 
through the use of green infrastructure. They are challenged by the need to meet a diversity of goals – 
economic efficiency, human enjoyment and valuation, and a wide range of environmental issues – with limited 
land available to address these demands. This requires green infrastructure to be both multi-functional and 
hyper-functional, with each unit of maximizing ecosystem service provisioning (Thomas & Geller, 2013). 
Urban forests present one opportunity to achieve multiple ecosystem services and enhance urban livability. 

The purpose of this project is to evaluate and quantify the urban canopy on University of Wisconsin campus 
using tools from the i-Tree software suite. 

Project	Justification
In July of 2014, University of Wisconsin released an RFP for its ten-year master plan update. This update 
will evaluate elements of the 2005 Master Plan, including facilities and utilities evaluation, building site 
recommendations, and transportation planning, and will focus on creating a Landscape Master Plan and a 
Stormwater and Green Infrastructure Plan. These will evaluate design and placemaking elements as well as 
the sustainability of the campus’s outdoor spaces. Quantifying the benefits of the urban forest will assist this 
process of understanding current assets on campus and will justify, from an economic and social standpoint, 
of the importance of quality green infrastructure on campus. 

Benefits	of	Urban	Forests
Urban forests play a crucial role in ecosystem service provisioning. The city of Minneapolis refers to urban 
trees as “unpaid engineers in the City of Minneapolis. [They] serve the public every day by reducing 
stormwater runoff, slowing global warming, and reducing energy costs” (Planning the urban forest, 2013, 
pg. 55). Numerous reports and studies have detailed the mechanisms of ecosystem service provisioning, 
summarized in Figure 1 (Planning the..., 2013, Stormwater to Street Trees, 2013).
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These benefits are scale dependent. Larger trees intercept more stormwater, store more carbon in their 
biomass, and have a greater leaf area, improving rates of pollutant removal and photosynthesis. As such, 
urban canopy management requires mainting existing trees and maximizing growth potential in new trees. 
Especially in areas with substantial development activity, such as the UW campus, it is essential to minimize 
damage to the existing canopy in orderto maintain levels of ecosystem services.

Environmental Economic

Carbon sequestration
Air quality improvement (Ozone, CO, PM, SO2)
Wildlife habitat creation

Reduced heating and cooling costs
Increased property values
Reduced lifecycle costs of traditional stormwater 
treatment

Hydrologic Community and Health
Reduce stormwater volume
Increase soil infiltration capacity and rate
Peak flow delay
Reduce total suspended solids through soil erosion 
prevention

Reduced heat island effect
Reduced respiratory illness
Social cohesion 
Improved mental and emotional health 
Place making

Figure 1. Urban forest benefits

Box 1. Campus Trees: Honeylocust - Gleditsia Triacanthos

On Campus: most common tree, second highest 
importance value, second highest carbon 
sequestration value

Uses: Landscaping, wildlife, timber

Description: Can reach 100 ft; may have thorns; 
legume

Growth: pioneer species; preference for moist 
alluvial soils; can withstand drought; low 
maintenance
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2. Methods
All data analysis was conducted using i-Tree, a peer reviewed software suite from the USDA Forest Service. 
i-Tree provides numerous opportunities for communities and other stakeholders to evaluate their urban forests 
and quantify its benefits, from utilizing freely available land cover datasets to complete tree inventory inputs. 
This project primarily employed two of the i-Tree software packages, i-Tree Eco and i-Tree Hydro. 

The primary dataset of the analysis was the campus’s complete tree inventory, originally developed by a 
private contractor and maintained by Facilities Planning and Management (FP&M). I personally augmented 
this data with field measurements and GIS analysis.

i-Tree Eco
i-Tree Eco utilizes either complete tree inventories or randomized sample plot inventories, combined with 
hourly air pollution data and meteorological data, to provide an overview of forest structure, environmental 
effects, and fiscal value (i-Tree Eco, n.d.). Required model inputs include, but are not limited to:

• Species
• Tree Height
• Diameter at breast height (DBH)
• Height to crown base
• Crown width (North-South and East-West)
• Crown light exposure

Eco also has optional building energy impacts and pest information inputs. Building energy impacts were 
included in this analysis.

 i-Tree Eco: Model inputs and Limitations
The tree inventory maintained by FP&M had basic tree characteristics including approximate dimensions 
(height, canopy width, DBH) and species. The inventory is a work in progress and may have some missing 
trees.  The inventory is also missing some key input data for the i-Tree software, requiring further data 
gathering. 

The inventory is based on GIS analysis and many of the trees have not been verified in the field. The inventory 
uses a default height value of 15 feet for unverified trees. This results in a significant underestimation in tree 
height for many trees on campus, and makes the average tree height approximately 15.5 feet. 

Height to crown base was missing from the inventory. I supplemented this data with field measurements of 
height to crown base for the ten most common tree species. With these measurements, I created averages 
for deciduous and coniferous trees of small, medium, and large categories. All deciduous trees with height 
values of 15 were given a height to crown base of 5.5 feet based on the field measurements of small trees. 
Coniferous trees at 15 feet were given a height to crown base of 2 feet. 20 to 40 foot trees were assigned a 
value of 9.5 feet, and trees 50 feet or greater a value of 13 feet.

Crown light exposure estimates the number of sides receiving sunlight from above, based on proximity to 
other trees. This value was calculated in GIS following procedures outlined in Honeycutt (2012). 

Another required input not listed in the inventory is percent canopy missing, also used to calculate leaf 
area index. Because the height and crown values were already based on estimations rather than field 
measurements, canopy missing was simply given a value of zero. 
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i-Tree Hydro
i-Tree Hydro conducts hourly forecasting of runoff volume and quality based on land cover - including canopy 
cover - and impervious surface area. After establishing a “base case” scenario, users can alter parameters 
including impervious area, directly connected impervious area, and land cover types to compare to the base 
scenario. The scenarios employed in this study will be explained in i-Tree Hydro Scenarios on page 11.

i-Tree Hydro Inputs
The land cover types were developed using a 
separate i-Tree application, i-Tree Canopy. i-Tree 
canopy is a web based tool in which users load their 
project boundary and define land cover types, which 
at minimum include tree and non-tree classifications. 
The program then randomly selects points and the 
user assigns these points land cover values. Land 
cover types for this analysis were:

• Tree (11%)
• Shrub (4%)
• Impervious surface (28%)
• Building (30%)
• Grass (26%)
• Water (1%)

Points were selected until additional of new tree 
points would have minimal impact on the overall land 
type distributing resulting in standard deviations for 
each land cover type close to 2%. The value for total 
impervious area of buildings and paved areas is less 
than the GIS derived value of approximately 80%, 
likely due to the fact that GIS data does not include 
trees and landscaping within impervious areas. 

The model also utilized a sixteen-foot resolution 
digital elevation model (DEM) clipped to the campus 
boundaries. Hydrological data is not available for the 
sub-watershed level so runoff values were based on 
weather data for the water years 2011-2012. A two 
year input period is the recommended time period. 
Results are given on an hourly, daily, monthly and 
annual time step.

Box 2. Campus Trees: Green Ash - 
Fraxinus Pennsylvanicum

On Campus: Second most common species, 
highest importance value

Uses: Windbreak, wildlife, shade and 
ornamentation

Description: Deciduous, medium size with 
crown reaching about 50 ft; fruits are samaras, 
leaves pinnately compound with 7 to 9 leaflets

Growth: tolerant of flooding, not of shading 
from nearby trees; found throughout east and 
Midwest

Emerald ash borer significantly threatens this 
species



The campus study area omits major natural 
areas, including trees along the lakeshore 
path. 

Tree canopy is not to scale.

Map 1. Study area 
overview

 Campus Boundary

 Omitted Area

 Tree Canopy



 Campus Boundary
 Omitted Area

 Tree Canopy
 Buildings
 Impervious Surfaces

Map 2. Study area 
impervious 
surfaces

Impervious surfaces including buildings, 
roadways, and walkways imposed over 
canopy cover.

Approximately 35% of trees canopy is over 
an impervious surface.
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3.	Environmental	and	Economic	Benefits
Tree Census 
The University of Wisconsin campus has a total of 190 tree species. Of the 4,332 individual trees and shrubs 
listed in the campus inventory, the model was able to process 4,209. Omitted trees did not have species 
information. This tree area excludes major natural areas including the Lakeshore Path and Lakeshore Nature 
Preserve as they are not part of the inventory dataset (see Map 1). The tree density is approximately six trees 
per acre. This value is quite low compared with many other US cities with complete inventories, including New 
York (26.4 trees/acre), Minneapolis (26.2), and Baltimore (50.8) (i-Tree Ecosystem Analysis, 2010). However, 
our study area includes only the urban parts of campus, and it is reasonable to assume that these cities rely 
on forested and green areas to achieve these values. 

The trees with highest importance value based on population composition and leaf area are listed in Table 
1 and some of the species are profiled in the supplemental boxes. American Basswood, Green Ash, 
Honey Locust, Sugar Maple and White Ash are all native to the region. It is significant that the population 
composition of honey locust, the most abundant species, does not exceed 7%, reflecting a relatively even 
distribution across species.

It is important to note that the canopy cover is significantly lower than that predicted by i-Tree Canopy. These 
results reflect approximately a 1.5% canopy cover, whereas the land cover analysis found a 10.5% with 
a standard deviation of 1.5%.  As such, it is important to see all these results as the low end of the actual 
performance of the campus tree canopy. 

Table 1: Species importance value

Species Name Percent Population Percent Leaf Area Importance Value

Green ash 5.94 10.78 8.36
Honey locust 6.63 7.26 6.94
Apple (ssp) 5.13 4.2 4.66
Norway maple 3.66 5.09 4.38
N. white cedar 3.64 4.23 3.93
White ash 3.16 3.58 3.37
Freeman maple 2.4 3.92 3.16
Elm (ssp) 2.92 2.97 2.95
Sugar maple 2.19 2.89 2.54
American basswood 1.71 3.36 2.54

Air Pollution Removal
Urban forests have a significant positive impact of urban air quality. Dry deposition of pollutants onto leaf 
surfaces remove pollutants directly from circulation, and lower air temperatures created by the urban forest 
lead to reduced anthropogenic emissions, slower photochemistry, and reduced energy use (Thomas & Geller 
2013). This in turn has positive effects on public health through reduced respiratory illness, and subsequent 
additional financial benefit. 
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Table 2 displays the results for pollutant removal values. Note that ozone is not a direct pollutant but a result 
of an interaction between NOx and VOCs in sunlight (Ground level ozone, 2015). Vehicles are not a major 
source of sulfur dioxide pollution, though it is a pollutant of concern.

This air quality improvement leads to an additional value of $1,471 dollars per year in health savings from 
incidence reduction in school and workdays lost, asthma exacerbation, acute respiratory symptoms and 
hospital admissions. 

Table 2: Pollutant Removal Values

Pollutant Pound Value Vehicle Equivalent (#)
CO 15.89 $9.03 0
O3 332.20 $401.36 --
NO2 71.81 $12.78 4
SO2 33.22 $1.81 --
PM2.5 18.53 $1,055.40 168
≤PM10 112.26 $1,163.27 936
Total 583.91 $2,643.65  1,108 

Carbon Storage and Sequestration
Urban forests impact carbon cycles through both tissue storage and annual sequestration as they 
photosynthesize and form new tissue. When trees die and decay, this carbon is released back into the 
atmosphere (i-Tree Ecosystem, 2010). Additional carbon benefits are incurred through avoided carbon 
emissions with heating and cooling assistance to buildings, though this value is not calculated in the i-Tree 
Eco suite. 

In total, the campus tree canopy stores approximately 2.8 million pounds of carbon, with a gross annual 
sequestration of 84,000 pounds per year. For comparison, average annual carbon emissions per vehicle 
in the US is approximately 8,320 pounds of CO2 (A carbon conundrum, 2015). This means the campus tree 
canopy stores the equivalent of 336 cars and sequesters an additional 10 cars. 

It is important to note that the i-Tree Canopy results yielded substantially higher values for both carbon 
sequestration and carbon storage, at 9,481.63 tons and 277.42 tons/year. Though Canopy is generally less 
accurate than Eco because it does not account for species-specific growth patterns and leaf areas, this large 
discrepancy is also due to the inaccuracies of the campus tree inventory dataset. This difference in particular 
highlights the importance of creating a more accurate and complete inventory to fully quantify the benefits of 
our campus canopy. 

The species with most significant impacts on carbon storage are listed in Figure 2 and some are profiled in 
the supplemental boxes. 
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Figure 2: Carbon storage (lbs) by species

Trees and Building Energy Use
 i-Tree Eco uses tree size, distance, direction, climate region, and leaf type to evaluate the effects of tree 
canopy on building energy use. Interactions evaluated are shading, windbreak, and local climate effect.
Depending on the balance of these relationships trees may cause increased heating costs through shading. 
Heating MBTUs are non-electric heating fuels. The annual net economic impact is $554.

Table 3. Heating and cooling performance

Unit Value 
Heating (MBTU) -133 $-1,894.91
Heating (Kwh) 2441.6 $324.98
Cooling (Kwh) 15954.9 $2,123.60
Total -- $553.67

In this analysis, trees less than six meters (19 feet) are considered to have no effect on building heating and 
cooling. Because it is known that many of the trees are given a default value of 15 feet, and thus would be 
omitted from this analysis, it seemed prudent to rerun the model with adjusted height values. All trees with a 
value of 15 were reassigned a value of 25 and the model was rerun, yielding the results in Table 4. 

Table 4. Adjusted heating and cooling performance

 Unit Value
Heating (MBTU) 157.2 $2,239.33 
Heating (Kwh) 13756.1 $1,830.94 
Cooling (Kwh) 43244.1 $5,755.79 
Total -- $9,826.06 

Though these values are estimations only, it is safe to assume they more closely approximate true energy 
costs as the 15 foot assumption does not accurately represent the observed forest structure on campus. 
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Structural and Functional Value of UW Campus Trees
The total economic impact of urban trees on campus can be evaluated through both benefits of standing 
trees (structural values) and their annual performance (functional values) as follows:

Structure Values:

• Structural Value: $7,555,746.0
• Carbon Storage: $2,775.19 - $183,596.09

Functional Value:

• Carbon Sequestration: $828.79 – 5,371.80
• Pollution Removal (with health care costs): 4,114.65
• Lower energy costs: $553.67 - $9,826.06

Box 3. Campus Trees: Norway 
Maple - Acer Platanoides

On Campus: Forth most common species, forth 
highest importance value

Description: deciduous; dense canopy, up to 60 
feet high, yellow leaves in the fall

Growth: preference for full sun, can withstand 
hot and dry conditions and poor soil; rapid 
germination

INVASIVE by outcompeting native sugar maple 
in woodlands, planting not recommended. 
Dense canopy outcompetes
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4.	Stormwater	Benefits
Urban forests are increasingly being seen as part of the urban green infrastructure that can mitigate 
pressure on overtaxed grey infrastructure systems, reduce volume and timing of peak flows, and reduce 
pollutant loading to waterways. i-Tree has developed a tool to model the impact of changes in tree cover and 
impervious surfaces, allowing users to evaluate baseline conditions and alternative scenarios. 

Healthy urban trees assist in stormwater management 
through (Figure 3) (Stormwater to..., 2013):

• Leaves, branches, and even the trunk intercept 
and absorb rainfall, delaying and reducing 
volume in peak flows

• Tree roots draw water from the soil to use in 
photosynthesis and transpire it into the air

• Trees take up trace amounts of harmful 
chemicals and transform into less harmful 
substances through phytoremediation 

• Improve soil conditions by reducing velocity of 
rainfall and therefore erosion

• Root growth and decomposition of matter 
increase soil infiltration

Through these mechanisms, i-Tree eco calculates 
runoff prevention. The trees on campus as recorded 
by the current tree inventory prevent 14,451 cubic 
feet per year of stormwater from becoming runoff, 
resulting in an additional functional value of $962.13 
per year. 

i-Tree Hydro Scenarios
Baseline data for campus land cover and impervious 
values were based on i-Tree Canopy results. As with 
the i-Tree Eco analysis, campus natural areas were 
omitted. Impervious area calculations beneath tree 
cover were based on GIS analysis using canopy width 
values and the campus impervious surface layer (see Map 2). I estimated directly connected impervious 
areas from a previous GIS analysis of campus drainagesheds to stormwater networks. 

Scenario 1 evaluated changes in runoff values if only tree canopy is increased. To keep the model simple I 
merely switched the herbaceous (grass) cover and tree canopy This assumes a scenario where the primary 
increase is in lawn areas and subsequently alters the value of land cover beneath trees, which I increased to 
75% pervious and 25% impervious. It is also worth noting that the 26% tree canopy threshold is the canopy 
cover of the City of Minneapolis, a city well known for its urban forestry program (Planning the..., 2009).

Scenario 2 does not change any land cover values but disconnects some of the impervious surfaces from 
the storm system, from 70% to 40%. While there are numerous studies examining the impact of impervious 
surface on stream degradation (see e.g. Brabec et al 2002), information on specific thresholds for DCIA have 

Figure 3: Mechanisms of stormwater management in 
urban trees (Stormwater to..., 2013)
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not been established. Rather, this scenario simply presents a significant reduction from current levels and an 
achievable balance with increased stormwater best management practices.

Scenario 3 changes multiple factors at once. It reduces impervious area in the land cover values and 
increases all vegetation cover types. It also decreases directly connected impervious areas. This scenario 
more closely approximates the average land use conditions in urban areas across the US. Average 
conditions in 20 major cities yield land use values of 24.3% grass and herbs, 29.9 % trees and shrubs, 41.6% 
impervious surfaces, and 4.3% soil (a category not included in the i-Tree Canopy analysis) (Nowak, 2012). 

Table 5. Comparison of Hydro model scenarios

  Base 
Scenario Scenario 1 Scenario 2 Scenario 3

Land Cover
Tree 11% 26% 11% 24%
Shrub 4% 4% 4% 15%
Herbaceous 26% 11% 26% 20%
Water 1% 1% 1% 1%
Impervious 58% 58% 58% 40%

DCIA 70% 70% 40% 40%
LC Beneath Tree

Pervious 65% 65% 65% 65%
 Impervious 35% 35% 35% 35%

The scenarios are illustrated in Map 3. 

Box 4. Campus Trees: Northern 
White Cedar AKA Arborvitae - Thuja 
Occidentales 
On Campus: Highest performing tree for pollutant 
removal, fifth highest importance value

Uses: Widely used as an ornamental, deer browsing 
and shelter in winter, and for fensing and building 

Description: Coniferous, reaches 40 ft tall

Growth: Slow growing but long lived, shade tolerant



Map 3. i-Tree Hydro 
Land Use 
Scenarios

The changes in land use presented in these 
scenarios yield quite modest visual changes in the 
landscape. 

Note that scenario 3 removes some impervious 
surfaces, but also replace impervious areas with 
pervious BMPs to acheive lowerd values
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Hydro	Results:	Runoff
Figure 4 presents flow volume and source for each scenario. The base scenario generates the most runoff, 
though scenario 1 produces only slightly less. Interestingly, scenario 1 actually has the lowest base flow and 
highest impervious flow. This indicates that the volume reduction is due to interception and evaporation, not 
infiltration. Both scenario 2 and 3 have similar volume reductions and increases in base flow. Scenario 3, with 
the largest base flow volume, generates the most significant infiltration scenario. 

Figure 4. Flow characteristics (cubic meters)

Hydro Results: Peak Flow
Peak flow (Figure 5) is an important indication of both volume of storm flow and rate at which storm flow 
moves across the landscape. In an undeveloped watershed, falling rainwater is intercepted by multiple layers 
of vegetation and deep roots help to maintain infiltration properties of soils as runoff slowly moves from where 
it falls toward a receiving waterway. As land development occurs, however, soil surfaces are compacted and/
or paved over, and trees and other vegetation are removed, reducing the ability of stormwater to infiltrate 
naturally, and greatly increasing the speed at which water moves over the landscape. 

Figure 5. Peak flow (cubic meters per hour)
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Hydro Results: Water Quality
As rainwater or snowmelt moves across impervious surfaces and into stormwater pipes, it picks up pollutants, 
including total suspended solids, pesticides and nutrients from lawns, petrochemicals and other toxic 
substances leaked from vehicles, and salts from ice management programs (Table 1). These pollutants are 
often conveyed directly into natural surface waters. 

Table 6. Common stormwater pollutants

Pollutant group Measurement Parameter Sources

Solids (suspended 
solids, SS)

TSS, BOD, COD, PAH, 
ect

Pavement wear; construction sites or rehabilitation works; 
atmospheric fallout; anthropogenic wastes, etc.

Heavy metals Cu, Zn, Cd, Pb, Ni and Cr

Vehicle parts and components; tire wear; fuel and 
lubricating oils; traffic signs and road metallic structures. 
Industries may also be an important source of heavy 
metals

Biodegradable 
organic matter BOD5 and COD Vegetation (leaves and logs) and animals such as dogs, 

cats, bird (either fecal contributions or dead bodies)

Organic 
micropollutants

PAHs, PCBs, MTBEs, 
endocrine disrupting 
chemicals

e.g., PAH: incomplete fossil fuel combustion; abrasion of 
tire and asphalt pavement, etc. Phthalate esters: urban 
construction plastic materials

Pathogenic 
microorganisms

e.g., Total coliforms; 
Escherichia coli Contributions from cats, dogs and birds

Nutrients Nitrogen and phosphorus Fertilizers and atmospheric fallout

Box 5. Campus Trees: White Oak - Quercus Alba 

On Campus: Highest performing tree for carbon 
storage, tenth most common tree

Uses: Ornamental, Timber, food for wildlife

Description: Grows to 100 feet tall and 38 to 50 
ft in diameter; Simple, lobed leaves with smooth 
margins

Growth: resistant to ice breakage and salt spray; 
deep root system, 

Several pests including gypsy moth, oak worm, and 
oak leaf caterpillar
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Pollutant removal impacts of the four scenarios are presented in Figures 6 and 7. Scenario 1, canopy 
increase, actually increases pollutant loading, likely due to the reduced base flow and increased overland 
flow. Both scenarios 2 and 3 provide significant reductions in all pollutant levels, scenario 3 approximately 
halving pollutant loads. 

Figure 6. Pollutant removal values (kg/h)

Figure 7. Additional Pollutant Removal Values (kg/h)
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5. Recommendations
1. Leverage campus resources to improve campus tree inventory.

While this study presents an initial evaluation of the range and quantity of benefits, it is quite limited by the 
quality of the campus tree inventory. There are numerous resources on campus that Facilities Planning 
and Management can leverage to improve the existing inventory. In particular, FP&M can work with either 
undergraduate forestry departments to complete a full or plot based inventory or the SILVIS (spatial analysis 
for conservation and sustainability) or RSFOR (Remote Sensing for Forest Observation and Research) Labs, 
which can conduct a similar assessment using LIDAR data. 

2. Match tree benefits with campus goals and environmental needs

Trees multifunctionality are key to their increasingly popularity in green infrastructure, and planning can be 
used to maximize these benefits. For example, trees in the right of way should be designed to maximize 
stormwater interception and pollutant deposition (See Table 7 and Box 6). Trees planted near buildings 
should consider solar orientation and maximize summer shading and winter light penetration. In public and 
iconic campus areas, trees can emphasize natural beauty and fall coloration. 

3. Maintain existing stock of urban trees.

Trees perform environmental services substantially better as they get larger and older. Many activities on 
campus, including construction, heavy foot traffic, and high pollutant loads in right of way areas, threaten 
the health of the existing canopy, especially right of way trees. Trees need to be understood as part of the 
infrastructure of campus and be maintained as such. 

Table 7. i-Tree air quality maximization recommendations 

Strategy Result

Increase the number of healthy trees Increase pollution removal

Sustain existing tree cover Maintain pollution removal levels

Maximize use of low VOC emitting trees Reduces ozone and carbon monoxide formation

Sustain large, healthy trees Large trees have greatest per tree effects

Use long lived trees Reduce long term pollutant emissions from planting 
and removal

Use low maintenance trees Reduce pollutants emissions from maintenance 
activities

Reduce fossil fuel use in maintaining vegetation Reduce pollutant emissions

Plant trees in energy conserving location Reduce pollutant emissions from power plants

Plant trees to shade parked cars Reduce vehicular VOC emissions

Supply ample water to vegetation Enhance pollution removal and temperature 
reduction

Plant trees in polluted or heavily populated areas Maximizes tree air quality benefits

Avoid pollutant-sensitive species Improve tree health

Utilize evergreen trees for particulate matter Year round removal of particles
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BMP Mechanism

Structural pavement and cells Supports pavement with pillars or sells to keep soil 
uncompacted, maximizing growth and root health

Structural soil Highly porous aggregate that supports root growth under 
paved areas

Stormwater tree pits Tree pits modified for enhanced tree growth and often 
engineered to receive stormwater

Permeable pavement Can be used in conjunction with other BMPs such as 
structural soils to maximize runoff infiltration

Box 6. Stormwater Best Management Practices for Street Trees

Before After

(Stormwater to Street Trees, 2013)
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6. Conclusion
The results of the i-Tree analysis of provide an important context for the valuation of campus trees as Facilities 
Planning and Management moves forward with the master planning process. Urban trees not only provide 
significant environmental and economic function, but also contribute towards defining campus spaces, 
from scenic tree-lined right of ways to shaded green areas. Furthermore, campus trees provide specimens 
readily available to students learning dendrology, urban forestry, and ecology. While this quantitative analysis 
provides fodder for understanding urban greening as infrastructure, we must also consider the qualitative 
and livability benefits provided by a robust urban forest. For the campus planning community to maximize the 
benefit of these results, it is prudent to not only refine the results through an improved tree inventory, but also 
continue to seek innovative opportunities to value less tangible benefits.
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