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Urbanization is creating more and more pollution in the 
waters of the United States. As impervious surfaces inevitably 
increase, the volume of stormwater runoff has risen, but 
unfortunately, the water is contaminated by pollution and 
sediments. The purpose of this project was to create a digital 
map of the intersection of the canopies of trees and impervious 
surfaces on the public property of Bel Air, Maryland (Figure 1) 
to determine the total percentage of impervious area covered by 
tree canopies. This information will allow the Maryland 
Department of the Environment (MDE) and the Environmental 
Protection Agency (EPA) to consider the town for treated 
impervious area credit, because the higher percentage of treated 
impervious area, the less pollutant-carrying runoff contaminates 
the Chesapeake Bay. The Clean Water Act Section 303(d) 
indicates that water quality must be tracked by every state 
environmental agency (Becker, 2009). Impervious area is 
considered to be any surface that cannot be infiltrated with 
water, such as sidewalks, driveways, and streets. Since the water 
can’t go into the ground, storm runoff is forced elsewhere. The 
runoff carries pollutants into nearby streams, and eventually into 
another larger waterbody, thus contaminating it. Impervious 
surfaces increase runoff, so it’s important for these impervious 
areas to be “treated” by a tree canopy to minimize the

accelerated runoff for an area 
(Markham, 2017). 
Figure 1 (left): Main Street in Bel Air, 
depicting the impervious surface 
(sidewalk) covered by a tree canopy. The 
portion of the impervious sidewalk covered 
by the tree canopy is what makes up the 
intersection layer that will be presented for 
credit from the EPA and MDE.

To complete the project, ArcMap by ESRI version 10.2.2 is 
necessary. First, training courses through ArcGIS Online and 
ArcMap were completed before data on Bel Air could be 
collected. Existing Harford County aerial imaging data was then 
used to set up the project map to build a catalog in ArcGIS. This 
contains outlines of town owned property and existing trees. 
Next, the impervious area data was added to the map to create 
another layer, which includes all buildings, sidewalks, parking

lots, and roads. This was updated to account for any recent construction of buildings or 
roads, as well as any errors in the layer. Any trees on property other than town owned 
were removed from the dataset, however, private and state property trees where the 
canopy overlaps the Town’s impervious layer will remain on the dataset because these 
trees can still count towards the town’s credit.  

The tree canopy size was then added to the map for each tree that is within the 
limits. About half of the trees had existing crown data, and the remaining were 
acquired through field verification as well as Google Street View. Trees with missing 
crown diameters were measured in-person for the downtown Bel Air area around Main 
and Bond Streets. For the rest of the missing trees, the measurement tool on Google 
Street View was utilized. Next, the impervious surface layer and tree layer were double 
checked for any missing or incorrect data. 

After the compiled dataset was built, the tree point locations went through the 
buffering and clipping processes in ArcMap. Polygon shapes were formed around the 
canopies, indicating their size and diameter. Through the whole dataset, an intersection 
layer was created of the tree buffers and the impervious surfaces. Now, all the 
impervious area and tree canopy overlap in the town exist in a single, compiled GIS 
map (Figure 2).  All the intersection areas were combined, resulting in a total acreage 
of covered impervious area in the town of Bel Air. The Town of Bel Air plans to submit 
the data findings to the Maryland Department of the Environment (MDE) and, 
hopefully, they will consider giving the town credit for this total area, because it 
represents treated impervious surfaces which reduces storm water runoff.
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Figure 2 (left): 
Clipping of 
projected final 
map showing 
intersection 
area that will 
be summed up 
based on the 
key shown to 
the left. 

Layer 
Total surface 
area (acreage) Percentage of town

Impervious surfaces 807 41

Tree canopy 30 1.6

Intersection 14 0.73

Table 1 (left): the table 
depicts the data regarding 
the tree canopy area 
compared to the total 
impervious surface area to 
show the difference in 
proportion of each type of 
cover in the town of Bel Air. 

The total areas and percentages of each map layer were 
calculated (Table 1) after the final map was created (Figure 3).  
The total intersection area was approximately 14 acres, and this 
is what will be considered for credit from the EPA and MDE. 

Figure 3 (left): this is 
a clipping of the final 
map that was created 
showing Linwood 
Avenue and Shamrock 
Road. The buffered  
intersections summed 
up to a total of 14 
acres throughout the 
town and will be 
presented to the EPA 
and MDE. 

The purpose of this project was to find the total intersection 
area of tree canopies and impervious surfaces using ArcMap 
software. This will be presented to the EPA and MDE for the 
possibility of granting the town of Bel Air credit for the 
intersection area. If credit is awarded, then these methods could 
be repeated in additional municipalities to reward credit for 
treating impervious surfaces with tree canopies. This would 
encourage communities to keep and protect their existing trees 
and to plant even more on the sides of streets. The effects of this 
would be the clear benefit of improved storm runoff quality, as 
well as the numerous other benefits of trees. Due to the amount 
of time it took to analyze the intersection in Bel Air, it is 
recommended that a follow up study determine if it’s really 
worth the time and cost to analyze the intersection layer in other 
communities across the United States. 

Becker, J. (2009). Improving regional water quality assessment. ArcUser, 
(Spring), 22-23. Retrieved from 
https://www.esri.com/news/arcuser/0309/h2o.html 

Markham, M. (2017). High-resolution land-cover data helps restore 
Chesapeake Bay watershed. ArcNews, (Spring), 1-3. Retrieved from 
https://www.esri.com/about/newsroom/arcnews/high-resolution-land-cover-
data-helps-restore-chesapeake-bay-watershed/

Results

Results (cont.)


