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The Center for Watershed Protection is currently working to develop a stormwater credit for urban tree planting 

through a grant provided by the National Urban and Community Forestry Advisory Council. One of the first tasks was 

to review the available literature to quantify the runoff and water quality benefits of urban trees. The results of the 

Center’s extensive review are highlighted here and are available in the final report: Review of the Available Literature 

and Data on the Runoff and  Pollutant Removal Capabilities of Urban Trees. 

 
What We Did 

The Center reviewed a total of 159 publications to evaluate the research questions defined in the scope of this 
project: 

1. What is the effectiveness of urban tree planting on reducing runoff, nutrient and sediment? 

2. How does effectiveness vary by species, over time, with differences in planting sites (e.g., distance from 
impervious cover or other trees, soil conditions, geographic location) and with different maintenance 
strategies? 

The review included studies on the hydrologic and water quality benefits of urban trees and factors affecting the 
mortality, growth, condition and survival rates of urban trees, as well as a review of the available models, 
calculators and existing credit systems for urban trees. The primary focus was 
on upland tree planting in urban environments; however, because the literature on urban trees was sparse, we also 
included studies of non-urban systems. 

 
What We Found 

While the processes and mechanisms by which trees reduce runoff and pollutants are well known, there is limited 
research to document and quantify these benefits in the urban environment. Urban trees influence the hydrologic 
cycle, positively influence water quality and potentially contribute to runoff pollution (leaf litter contributes nutrients to 
runoff). See the full report for an illustration of these processes. 
 

The primary way that trees and forests affect water quality is by reducing stormwater runoff.  Trees reduce runoff 
through rainfall interception by the tree canopy, by releasing water into the atmosphere through evapotranspiration, and 
by promoting infiltration of water through the soil and storage of water in the soil and forest litter. In the absence of tree 
canopy, rain falling on urban surfaces such as parking lots, streets and lawns picks up various pollutants as it runs off 
the landscape.  The cumulative effect of tree canopy is to temporarily detain rainfall and gradually release it, regulating 
the flow of stormwater runoff downstream and thereby preventing some of the pollutants in rainfall and on urban 
surfaces from being transported to local waterways. Trees provide additional water quality benefits through uptake of 
pollutants from the atmosphere, soil and groundwater, and may contribute nutrients to surface waters through leaf litter, 
but these components are more challenging to quantify given the available data and its variability. 

The specific amount by which an individual tree, group of trees or forest patch reduces runoff is highly variable and difficult 
to measure. For example, annual rainfall interception by urban trees and forests can range from 6% to 66%, while urban 
trees can transpire from 0.2 to 46.7 gallons per tree per day.  This is because each process shown in Figure 1 is affected 
by numerous factors, such as tree characteristics (species, age, size canopy architecture, leaf area, leaf angle 
distribution), meteorological factors (wind speed, vapor pressure deficits, temperature), storm event characteristics 
(intensity, duration and frequency of rainfall), and soil and underlying land cover conditions (understory versus turf versus 
pavement, fertilizer application). Runoff reduction is also difficult to measure because trees are unlike most other 
stormwater BMPs, which are engineered to capture and treat runoff from a defined drainage area. In addition, tree 
functions are likely to vary with the geographic scale (i.e., plot or watershed-scale) and time period of interest (i.e., newly 
planted, tree at maturity).  All of these factors present a challenge for integrating trees and forests into stormwater 
management programs which requires the ability to assign a single numeric value that represents the “average” 
hydrologic benefit. 

 
What’s Next 

The Center is currently working on adapting a tree planting credit recently developed for the Chesapeake Bay program so 
that is can be used nationally. We are working with partner Justin Hynicka of American Forests, to develop a water 
balance model for major U.S. climate regions, the U.S. Forest Service to model tree growth for these same regions using i-
tree Forecast, and will be soliciting review of the draft credit from experts around the country. For more information, 
contact Karen Cappiella at kc@cwp.org or 410-461-8323 ext. 3203. 
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