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Using Urban Forestry Practices to Reduce Stormwater Runoff 

 

 
Abstract:  This study reviews the current thought and literature on urban watershed 

forestry and explains how increasing total forest canopy cover in an urban watershed will 

result in a corresponding decrease in stormwater runoff.  The American Forests 

CITYGreen urban forestry model is applied to two sub-watersheds in the Vadnais Lake 

watershed, Ramsey County, Minnesota to predict the outcome of applying urban 

watershed forestry practices.  Results indicated a positive correlation between an increase 

in urban forest canopy cover and a reduction in volume of stormwater flow from 

precipitation events.    

  

Introduction and Description of Problem 

 

 The challenges of managing and maintaining urban water resources are many.  

Urban areas, by their very nature, alter in significant ways the land they cover.  These 

alterations, in turn affect the hydrologic cycle within the urban area, leading to excessive 

surface runoff, reduced baseflows and infiltration, greater amounts of non-point source 

pollution when compared to areas of a more rural nature, and especially forested areas.  

The resulting urban hydrologic cycle then contributes to greater localized flooding 

potential, water bodies that harbor more nutrients and other chemicals, resulting in a 

greater growth of algae and reduced diversity of fish and wildlife, and a general overall 

decline in the aesthetics of urban water resources (Cumming-Cockburn LTD; 2001). 

 Many different methods are employed to manage these urban water resources.  

These range from engineering solutions involving structures and landform modification 

and grading to a host of diverse best management practices (BMP’s) utilizing various 

infiltration and water spreading techniques.  Many of these methods, while effective, can 

have a high initial cost and ongoing maintenance requirements that can put additional 

burdens on staff and budgets of cities. 

 The current status of green infrastructure of the USA, and more particularly, of 

the upper Midwest region was investigated as to how well it is working, and if any 
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improvements can be made.  Research conducted over the years by organizations such as 

Center for Watershed Protection and the American Forestry Association have shown that 

urban forest land cover is a significant determinant of both urban water resource quality 

and overall quality of the region.  Small increases in urban tree canopy cover (on the 

order of 2-5%) can have large positive impacts on urban water resource management 

(Sanders, 1984). 

 

Hypothesis 

  

 Urban communities can improve water resources in a cost effective manner by 

applying some well-established principles and practices of urban forestry, particularly as 

interrelated to the effects of forests on watershed management (Korhnak, 2000).  Studies 

done primarily after 1990 have shown that the urban forest resource is an essential part in 

communities overall stormwater and water resource management efforts (Capriella et al, 

2005; American Forests Urban Ecosystem Analyses, 1998-2010).  Urban communities 

(particularly those in the northeastern part of the Minneapolis-St. Paul Metropolitan area) 

can use urban forestry practices in conjunction with engineered solutions and accepted 

stormwater best management practices (BMP’s) to effectively manage stormwater runoff 

and urban surface water resources. Additionally, by increasing their urban forest canopy 

cover, these same communities can cost-effectively reduce the need for additional 

engineered solutions while improving aesthetics, land values, and water quality 

parameters as areas develop or redevelop.   
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Hydrology of Urban/Suburban Areas 
 

Significance of Urban Areas and Urban Growth 
 
 Urban areas nationwide and worldwide are growing, making the challenges of 

controlling urban runoff, flooding, and non-point source (NPS) pollution harder.  In 2006, 

the North American urban population was 348 million, or 80% of the total population.  

That number is expected to grow to 439 million, or 85% of the total, by 2025 according 

to a 2006 report by the Population Division, Dept of Economic and Social Affairs of the 

UN Secretariat  More growth is expected in smaller urban areas than in larger ones. 

   An inevitable outcome of urbanizing is the conversion of natural areas into 

impervious surfaces such as paved streets, driveways, sidewalks, parking lots, and 

building rooftops.  Not only do these impervious surfaces discharge more stormwater, 

they tends to have higher levels of NPS pollutants (Lull & Sopper, 1969; Shaver et. al., 

2007,  Metropolitan Council/Barr Engineering, 2001).  This trend leads to urban ponds, 

lakes, streams, and rivers that are more prone to siltation and sedimentation, algal blooms 

and growth of nuisance plants, and are aesthetically less pleasing and fit for drinking, 

swimming or in some cases, boating (ibid). 

 
Typical Changes as Areas Urbanize 

 
 Compared to an area composed of mainly forest cover, the foremost differences in 

the water budget of an urban area are a higher and faster peak discharge in its 

hydrograph, a greater surface runoff volume for a storm of a given recurrence interval, 

reduction in the interception and infiltration components, and an increase in the 

frequency of surface runoff (Xiao et. al., 1998; Ill. Ass’n for Floodplain and Stormwater 

Mgmt, 2004; Cumming-Cockburn, 2001).  Figures 2-1 through 2-4 pictorially represent 

changes in the water budget as an area of Ontario, Canada urbanizes.  The runoff 

component is higher afterward, with a corresponding decrease in infiltration and 

evapotranspiration components.   
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Fig. 2-1  Hydrology of Forested Area (Source: Cumming-Cockburn 2001). 
 

 

 
 

Fig. 2-2 Water Budget-Before Urbanization (Source: Cumming-Cockburn 2001) 
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Fig. 2-3 Hydrology of Urban Area (Source: Cumming-Cockburn, 2001). 

 

 
 

Fig. 2-4 Water Budget of Urbanized Area (Source: Cumming-Cockburn, 2001). 
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 Fig. 2-5 below illustrates these changes to the typical urban vs. forest hydrograph. 

The higher and faster peaks result from the increased efficiency of the storm water 

conveyances built, giving a shorter time of concentration for the watershed.   

 

 
Fig. 2-5 

Typical Change in Hydrograph with Urbanization(From Cumming-Cockburn Ltd, 2001). 

 

 An urbanizing area passes through four different stages with regard to 

development and impervious surfaces (Shaver et. al., 2007, quoting Savani & Kammerer, 

1961).  As the area passes through each stage, changes in percent of hydrologic cycle 

components amend as well.  The stages are rural, low-density suburban, high-density 

suburban, and urban.  In the rural period, there is very little imperviousness and the area 

is little changed from a hydrological perspective.  Consequently, infiltration and 

evapotranspiration still are large parts of the cycle.  During the low-density suburban 

phase, the chief characteristic tends to be large lot development.  There is only a little 

imperviousness to affect the hydrology of the watershed, and much of the landscape and 

vegetation are not appreciably changed.  As expansion continues, impervious surfaces 
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tend to become more predominant with the most common development being residential 

housing and commercial/industrial areas.  Finally, in the urban stage, the characteristics 

are large amounts of impervious areas and loss of much of the vegetation.          

 According to both the American Forestry Association and the Center For 

Watershed Protection, the characteristics of urban hydrology and the urban water budget 

are dependent on the land uses and land covers present in an urban areas.  These changes 

include increases in impervious cover, closely followed by reductions in trees and 

vegetative cover, and alterations to soil texture and compaction.  The increase in 

population density has notably altered nearly every part of the water budget (Lull and 

Sopper, 1969;Shaver et. al., 2007; Leopold, 1968).  The runoff volumes, rates, and 

velocities of stormwater from a given rainfall event all tend to increase as initial 

abstractions decrease, (Shaver et. al., 2007; Booth et. al., 2002) resulting in reduced 

infiltration and recharge of the water table (Metropolitan Council /Barr Engineering, 

2001).  Vegetation decrease leads to reduced interception by the canopy and forest floor 

litter.  When areas are paved over, the trees, forests, and other vegetative cover are 

removed, forest floor litter as well is stripped away by the developers.  Soils tend to 

become compacted by this process.  This development results in a larger proportion of 

overland flow and runoff than would occur in areas of more natural vegetation.  Drainage 

patterns are often changed as developers rework the land to build their projects 

(Cumming-Cockburn, 2001).  The result of this is seen in impervious areas that direct 

more water at a faster rate into the now necessary culverts, storm channels, and 

detention/retention ponds needed to manage that additional runoff.  

 Based on a theoretical illustration using the Natural Resources Conservation 

Service (NRCS) Runoff Equation and a moderately coarse soil of Hydrologic Class B, 

Figures 2-6 and 2-7 show the contributions of different urban land uses to runoff as the 

amount of precipitation in the storm increases, and changes to initial abstractions and 

estimated runoff as development is completed (from Shaver et. al., 2007).  Up until all 

initial abstractions are satisfied, no runoff occurs.  Initial abstractions from impervious 

surfaces are satisfied first, followed by those on lawns and landscaped areas.  From this 

figure, runoff from landscaped areas does not start until about 0.1 inch has fallen, and at 

about 0.4 inches, reaches a point of contributing about 40% to runoff. 
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Fig. 2-6  Relative Runoff Contributions from Various Source Areas 

Medium Density Residential Site with Clayey Soils (Shaver et al, 2007) 

 

 Because of the decrease in the initial abstractions, additional runoff that 

previously would have been intercepted or infiltrated is dumped into a receiving stream,  

increasing the volume and flow rate and changing the sediment budget of the drainage 

area. This increase in flow also deposits more sediment into receiving bodies and 

increases scour and eroding of urban streams, ditches, and channels (Shaver et. al., 2007).  

Less water is available for infiltration and ground water recharge, which eventually 

lowers the local water table and can contribute to lower base flows during dry periods  

(Shaver et. al., 2007). 

 Tables 2-1 and 2-2 show comparisons of these land use changes in table form.  

The  initial abstractions are reduced and the runoff increases as the landscape becomes 

more urban/suburban(Shaver et. al., 2007).  The impact of different rainfall events 

becomes more pronounced, as shown in emphasized in Table 2-2.         
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Table 2-1 

Average Initial Abstraction, Pre and Post Development, in inches (Shaver et al, 2007). 

 

 
Table 2-2   

Estimated Runoff Depth, Pre and Post Development, in inches (Shaver et. al. 2007). 

 

 Changes occur to urban stream flow and channel morphology because the 

excessive runoff now being generated results in greater frequencies of bankfull flows. 

Pre-development bankfull flows occurred about every 1 ½ to 2 years (Rosgen, 1994), but 

after development can occur 2 to 8 times per year. (Met Council/Barr Engineering 2001).  

As the new channel seeks equilibrium, the scoured material is either converted to bed 

load or washed downstream to adversely affect water quality in other water bodies (Met 

Council/Barr Engineering, 2001).  Because shallow infiltration contributes to baseflows, 

these are also reduced due to the lessened infiltration resulting from greater 

imperviousness.  This can extend low-flow periods and increase groundwater recharge 

times.  

 Shaver et. al. (2007) observed an increase in wetland water level fluctuations and 

a decrease in dry season baseflows, as well as increased sediment deposition and changes 

in the riparian areas of urban streams.  These riparian areas suffered a loss of integrity 

along with habitat changes resulting in less desirable habitat for many organisms.  For 

fish and aquatic dwelling species, changes included a lowering of dissolved oxygen (DO) 

and a rise in water temperatures in many urban streams and lakes, reducing the number of 
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species that could survive in the new habitat.  Riparian vegetation tended to be less 

diverse, and soils were subject to greater erosion.   

 

 
Fig. 2-7 

Changes in Stream Channel Morphology over Time with Urbanization (Shaver et al, 2007). 

 

  Urbanization also tends to change soil characteristics.  Soils are compacted, 

changing the structure and lowering the storage capability and permeability,  thus further 

reducing initial abstractions (Shaver et. al., 2007).   In a 1993 New Jersey study 

conducted in and by the Ocean County Soil Conservation District and reported by Shaver 

et. al. (2007), developed sites compacted by construction equipment without major 

regrading showed permeabilities of 100 to 1000 times lower, or very nearly approaching 

that of impervious areas, than for nearby woods in an area of mainly sandy soils.  Soil 

sediment budgets also have a tendency to change, with larger amounts of particles being 
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discharged from soil surfaces that are now more exposed or subject to compaction 

(Shaver et. al., 2007).   

 Wissmar et. al. (2004) conducted a modeling exercise on subwatersheds along the 

Lower Cedar Basin in western Washington State.  These watersheds contained both 

forest cover and urban development, with forest cover ranging from 72% to 17% and 

impervious surface coverage from 8% to 74%.  Using historical records and the 

Distributed Hydrology Soils Vegetation Model (DHSVM) hydrological model, he found 

that peak discharge rates increased for all watersheds when compared with pre-settlement 

conditions, with the largest increases occurring in the watersheds which had seen the 

greatest amount of urban development and therefore the greatest alteration of original 

land surface and vegetative characteristics.  Most peak discharges were two times or 

greater than peaks for similar recurrence interval events under pre-settlement conditions. 

 Shaver et. al. (2007) has cited examples showing a reduction in initial abstractions 

with the changes in land cover following development.  Estimated runoff depth in such 

cases jumped 500% following a 2 yr 24 hr storm and 160% following a 10 yr 24 hr 

storm. 

 

Reasons for Concern 

 

 The goal for many years in cities and urban areas was to manage the increased 

stormflow relying on event-based approaches to BMP designs (Shaver et. al., 2007).  

Horner (2001) found that use of structural BMP’s at current densities was potentially less 

effective at preventing resource decline as urbanization progressed than were non-

structural and biological methods.  However, structural BMP’s were necessary to keep 

urban water resources from complete decline at moderately high levels of urbanization 

and were useful in helping maintain a higher level of biotic integrity when urbanization 

was relatively low. 

 However, even with the use of structural solutions, 1) runoff rates and volumes 

are still high; 2) stream beds are still showing effects of erosion and scour;  3) ponds too 

often are covered with green algal scum in the second half of summer.  
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Urban Watershed Forestry 
 

Significance of the Urban Forest 

 

 Historically, according to Botkin & Beveridge (1997), cities were not considered 

less desirable places.  Rather, cities were considered places where innovation and 

creativity could flourish, and the more desirable the urban environment, the more creative 

the people.  Vegetation was the key to making the areas desirable.  By the 16th century, 

cities were expanding beyond their fortified walls to wooded and vegetated areas for use 

by the upper classes.  In the 17th century, the city of London began planting trees in green 

spaces within residential areas, and in Paris, trees were planted along new boulevards 

built by Napoleon in order to facilitate both citizen movement for celebrations and troop 

movements should riots occur.  By the 19th century, street trees were common throughout 

Europe. (Miller, 1989).  In America in the 19th century, planners like Frederick Law 

Olmstead began developing parks, such as New York City’s Central Park (Botkin & 

Beveredge, 1997).  However, they were initially not developed for beauty or aesthetics, 

but as part of a series of reforms meant to counter some of the negative effects of that 

century’s urbanization, including ill health and poor sanitation.  

 Radeloff et. al. (2005) reported that, during the years 1940-2000, early spatial 

growth in housing areas occurred in the suburban areas, while later growth was in more 

rural areas which had a greater amount of natural features such as lakes, forests, 

meadows, and woodlots.  Growth  of housing units in the Midwest during those years 

was 146%, with medium density housing units, defined as 4-32 housing units/km,-2  

increasing the most.  His research also found a negative correlation of housing density 

with interior forest, resulting in a greater impact of suburban sprawl on smaller areas 

because of the total number of housing units involved. 

 Nowak and Walton (2005) stated that urban land in the US is projected to increase 

from 3.1%  as of 2000 to 8.1% by 2050.  At the same time, growth is expected to 

incorporate forestland equal to 118,300 km-2 within new urban areas. 

 The Merriam-Webster dictionary defines forest as a dense growth of trees and 

underbrush covering a large tract.  The Forest Service, USDA (1989) adds indirect 
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benefits of the forest by defining it as  an area managed for production of timber and 

other forest products or maintained as wood vegetation for such indirect benefits as 

protection of catchment areas or recreation.    

 The definition of urban forests can then be narrowed to those that use a pre-

established urban boundary system to help delineate the physical extent of the urban 

forest.  The forest itself is defined as the assemblage of woody vegetation found within an 

urban area, irrespective of species composition, physical makeup, or management regime 

(Sanders, 1984).  Capriella et. al. (2005) defines an urban forest as trees growing 

individually, in small groups, or under forest conditions within cities, towns, an suburbs, 

on private or public land.  Nowak et. al. (2001) describe it as an ecosystem characterized 

by the presence of trees and other vegetation in association with people and their 

developments. 

 Urban forestry is then defined as the planning and management of trees, forests, 

and related vegetation within cities and communities to create or add value (McPherson, 

2006).  The list of benefits and values added is long, and this is by no means a complete,  

but includes: 

  1) Mitigation of stormwater runoff and pollutants. 

  2) Improvement in air quality. 

  3) Cooling of local microclimate and cumulatively, global climate   

       protection. 

  4) Enhancement of public health programs. 

  5) Increase in property values and tax base. 

  6) Provision of job training and employment. 

  7) Reduction in the cost of essential city services. 

  8) Provision of recreational opportunities for residents. 

  9) Improvement in public safety. 

Many of these values change over space and time and so are difficult to quantify. 

 Structure of the urban forest refers to the species composition and spatial array of 

the vegetation to other objects such as buildings, streets, bridges, etc. (Rowantree, 1984; 

McPherson & Rowantree, 1989).  Ecological quantification of structure also includes 
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species and age class diversity, stocking levels and relative importance of each species to 

the overall structure. 

 Function of the urban forest refers to the general services provided by the urban 

forest (McPherson and Simpson,2002).  This includes roles such as air pollution removal, 

aesthetic and property value improvement, and stormwater reduction. These services are 

measured in terms of resource units (RU) such as kg of pollutants taken up or cubic feet 

of stormwater reduced. 

 Value of the urban forest refers to benefits and costs society derives through the 

urban forest (McPherson & Simpson 2002).  It can be difficult to quantify, and for 

stormwater, perhaps the best way is to compare the services of trees and vegetation with 

that of similar performing alternative structural and engineered methods.   

 Health or condition of the urban forest can be determined by several factors 

including age of trees, density of trees, ratio of trees living to trees dying, and quality of 

wildlife observed within the urban forest (Moll, 1989).  One of the measures of 

determining tree density is using canopy cover to define the extent of  forests.  Canopy 

cover is defined as the layer of leaves, branches, and stems that cover the ground when 

viewed from above (Capriella et. al., 2005; Watershed Forestry Resource Guide, 2008).  

Capriella et. al. (2005)cite examples of the range of coverage that can be considered 

under the definition of forest, ranging from 40% to 100%, while areas with canopy cover 

of 10% to 40% are considered “fragmented forest.” Since canopy cover is a measurement 

that is both easy to use and repeatable, it is the basis for analysis of urban forests and 

watershed benefits for this paper.  It is also an ideal measure for watershed benefits since 

the canopy performs the interception function and also determines the extent of the root 

system.    

 Most metropolitan areas in the US and Canada, as well as around the world, have 

lost canopy cover as more people have moved in and development has continued.  

Analysis of four major cities in the Piedmont Region of the Southeastern US show an 

average loss between 1992 and today of 21.25% canopy cover (American Forests, 2010; 

Lin, 2007). 

 The urban forest resource is significant.  Tree and canopy cover in urban and 

metropolitan areas nationwide averages between 28% and 33% , which is nearly the 
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national average of 33% for all lands.  This equates to 74.4 × 109 trees in metropolitan 

areas and 3.8 × 109 trees in the urban areas (Dwyer and Nowak, 2000).  Economically, 

urban forests make a significant contribution.  In California alone, where commercial 

forest sales annually are $12.5 × 109,  the estimated portion of urban forestry related sales 

equals $3.8 × 109 (Templeton and Goldman 1996).  Lastly, because of the close 

proximity of urban forests to large population centers, many people enjoy their 

environmental, social, recreational, and aesthetic benefits. 

 In recent years, trees and canopy cover in cities have received more attention.  

Calder (1992), said “On a global scale, the largest change in terms of land area, and also 

arguably in terms of hydrologic effects, is from deforestation and afforestation.”  Current 

estimates of urban canopy cover include an estimated nationwide average of 27% in 

urban areas and 33% in metropolitan areas (Nowak, 2000), but the range is from 0.4% in 

Lancaster, CA to 55% in Baton Rouge, LA.  Minnesota statistics show an average urban 

canopy cover of 37.4% (Dwyer et. al., 2000), but cities set in the northern forest like 

Duluth have a 61% canopy cover.  The Minneapolis city forest covers 26.4% of the city 

(Nowak et. al., 2006).      

 Urban watershed forestry narrows the definition more specifically-it is the 

integration of the fields of urban forestry and watershed planning (Cappriella et. al., 

2005).  In this case, watershed planning is the improvement of water resources within a  

watershed by promoting sound land use protection and resource management.  An urban 

watershed is considered any watershed in an urban or developed area containing >10%  

impervious land cover.  By combining and looking at these definitions as a whole, urban 

watershed forestry then becomes the setting of watershed goals by managing the urban 

forest as a whole, integral unit without regard to the political, jurisdictional or site-by-site 

subdivisions while promoting and integrating strategies to incorporate forests into urban 

watershed management (Capriella et. al., 2005).  Urban watershed forestry also 

recognizes the importance of trees, forest, and vegetative cover as tools to achieve 

watershed goals.   
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Principles of Urban Watershed Forestry 

 

 The ultimate goal of urban watershed forestry is to increase forest canopy cover 

and reduce forest canopy loss in urban areas.  Open space and vegetation provided by the 

urban forests lessens, through natural processes which increase initial abstractions, the 

peak flows and total runoff volume of any given storm event (Sanders, 1986).  This is in 

recognition of the basic urban runoff management lesson learned of managing more than 

just the runoff portion of the hydrologic cycle.  It is using other aspects of that cycle, such 

as the infiltration, evapotranspiration, and interception parameters to more effectively 

control the excess runoff portion created by the urban alterations of the landscape 

(Shaver, et al. 2007).  As with any forest system, the greatest reduction of runoff occurs 

in those events which are of greatest frequency,  ≤ the 2 year recurrence interval event.  

At greater recurrence interval events, even the fully mature forest fully occupying the site 

is incapable of preventing the flood (Anderson et. al., 1976).   The USDA has identified 

11 basic urban watershed forestry principles (Capriella et. al., 2005).  

  1) Forest cover is the premier and best use of land in terms of watershed  

  benefits (Anderson et. al., 1976).  It is superior to turf grass in all respects,  

  i.e. runoff, watershed storage and recharge, stormwater and NPS pollution  

  alleviation, and habitat. 

  2) The forest cover provides other ecosystem benefits as well, including  

  air pollution diminution, urban heat island reduction, beneficial wildlife  

  habitat, increase in property values. 

  3) Urban forests are dynamic and diverse, consisting of forests and forest  

  fragments, impervious areas, and turf grass covers.  They are greatly  

  influenced by outside stressors such as construction, air pollution, heavy  

  use, and invasive species. 

  4) These constant changes in composition need to be tracked carefully  

  over time to determine gain or loss in forest cover due to development,  

  conservation, and afforestation efforts. 
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  5) Compared to wild land forests, special management techniques are  

  needed to improve urban forests in terms of species composition structure  

  canopy, and relationship to natural systems. 

  6) Those existing forested tracts that have greatest potential or priority for  

  permanent conservation or special management needs should be   

  identified. 

  7) With planning, canopy loss during construction,         

  development and redevelopment can be minimized.  

  8) Systematic reforestation of larger tracts of public land, individual tree  

  planting on smaller parcels can increase appreciably the urban forest  

  cover.  Local planning and policies are needed to encourage and stimulate  

  this.  Forest cover can also be augmented by planting trees in existing  

  storm water structures or in smaller public and private areas like   

  boulevards and parking lot islands.  

  9) Goals for forest cover vs. impervious cover should be set in local land  

  use plans.  Final imperviousness expected on a parcel can be used to set  

  canopy cover goals. 

  10) Other watershed refurbishment practices such as stream restoration,  

  storm water retrofits or BMP’s should be incorporated with urban   

  watershed forestry. 

  11) When conducting afforestation or reforestation activities, the effort  

  should focus on improving the site by picking appropriate species and  

  working toward long-term survival of the forest. 

 Finally, it appears that there is no point in the development process that does not 

result in some degradation to aquatic resources (Booth et. al., 2002).  The question 

becomes one of how much deterioration we are willing to accept.  Since most do not 

want to accept high levels of decline of our water assets, urban watershed forestry can be 

used as one of the more effective tools to sustain municipal watersheds to a higher 

standard.    
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Benefits to the Watershed from the Urban Forest  

  

 There are five direct benefits (from Capriella et. al., 2005) of having an urban 

forest within a watershed, in addition to indirect benefits.  The indirect benefits include 

removal of  air pollution, aesthetic enhancement, micro-climate modification, and socio-

economic benefits.  The direct benefits include the following. 

 First is the alleviation of runoff and flooding.  Three components of the 

hydrologic cycle are affected: interception, infiltration and transpiration.  The biological 

and physical properties of the vegetation serve to increase the initial abstractions for any 

precipitation event occurring within their boundaries, and so vegetation changes affect   

timing and amounts of peak flows and total runoff. 

 Three factors will influence the amount of water retained or mitigated by a single 

tree: 1) the intensity and duration of the rainfall event, 2) tree species, structure, and 

placement on the landscape, and 3) other weather factors such as temperature, wind, 

humidity, etc. In Los Angeles at the residential scale, Xiao (2003) found a 38% reduction 

in runoff from just 10 trees planted on a single lot. 

 Second is the reduction of stream channel erosion.  Tree roots stabilize the soil 

within their rooting zone.  Vegetation, including trees, add organic matter to the soil and 

the combined leaf area will reduce raindrop energy dissipation at the soil, thereby 

reducing erosion.  Reduction of upstream runoff by forests can lead to lowering of 

eroding-level streamflow downstream.  Additionally, the loss of riparian forests has been 

observed to cause stream channel narrowing.   

 Loss of ecosystem services are also associated with losses of riparian forests.  The 

losses include components of favorable habitat, such as large woody debris, stream 

channel shading, and additional leaf litter and dissolved organic carbon inputs (Sweeney 

et. al., 2004).  Generally, it was found that riparian forest losses occur when stream banks 

were encroached upon by grasses and other plants that were normally crowded out by 

tree growth.  

 Third is the improvement in both soil and water quality.  The previously discussed 

reduction of stream channel erosion and the reduction in general of erosion by forested 

areas will result in less sediment being exported to urban water resources.   Forested areas 
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and trees, some species more than others, will also take up additional nutrients as 

opposed to turfgrass or impervious areas, making a significant difference when viewed 

from the watershed scale. 

        Because land use patterns in urban and suburban areas tend to be a assortment of 

different types and varying levels of pervious surfaces, basin outlets collect water from a 

variety of different sources.  Recently, source area monitoring has enabled managers to 

better assess the contributions of each type of area to the total nutrient load of each 

watershed, where total nutrient load is the product of the total runoff volume and the 

nutrient concentration.  Tables 3-1 and 3-2 give examples of this published by the Center 

for Watershed Protection, and show that lowest concentrations of nutrients in each study 

came from forest covered areas.  Because forests act as nutrient sinks, the nutrient 

concentrations in their runoff are lower than concentrations in runoff from both turfgrass 

and impervious surfaces.  The authors of the Mostaghimi study on forest cover and 

nutrients in table 3-1 speculate that agricultural activities upstream of the forested area 

under study may have caused these numbers to be high.  

 

 

Table 3-1 

Median Nutrient Concentration in Storm Water 

(milligrams per liter) 

 
Source: Center for Watershed Protection 
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Table 3-2 

Annual Nutrient Loads in Storm Water 

(pounds per acre per year)1 

        
  Source: Center for Watershed Protection 

 

 According to Vidon and Hill (2006), a 20 meter wide riparian buffer can 

effectively remove nitrates from runoff unless the sediment is too coarse or nitrate 

transfer occurs in surface waters.  This concept could be effectively used in humid 

temperate areas. 

 In the past, urban managers have tended to underestimate the values and benefits 

of the urban forest (Dwyer et. al., 1992).  Effectiveness of urban trees depends in part on 

matching species to location and environment.  Maintaining a diverse forest with regard 

to species and age groups of trees is the other factor.    

 Turf, whether maintained or not, tends to export the highest nutrient 

concentrations while impervious surfaces tend to release their nutrients almost 

immediately, also resulting in higher nutrient concentrations.  Turf runoff coefficients can 

vary from 0.05 to 0.30 depending on soil type, compaction, and cultural practices. 

Forested areas have the lowest nutrient export of any urban land use.  The following 

tables give the median nutrient concentrations in storm water and mean nutrient 

concentrations for various urban land uses. 

 The fourth benefit of urban forests to urban watersheds is the provision of habitat 

for terrestrial and aquatic wildlife.  The larger forest tracts can provide nesting sites, 

breeding areas, and cover for a variety of small to medium sized wildlife, including deer, 

coyotes, and, according to eyewitness accounts to this author, even bears in some 
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suburban areas.  In streams and lakes, large woody debris and leaf litter can provide 

habitat for aquatic species, while the shade can significantly improve water temperatures 

for some cold and cool water fish species.  In addition, the organic matter that falls from 

trees into the water, such as leaves, bark fragments, fruit, etc. can contribute to the food 

chains in these streams and lakes. 

 The final benefit of the urban forest to urban watersheds is the shading and 

cooling of the ambient air temperatures.  Doing so helps keep water temperatures cooler 

for many species dependent on lower water temperatures.  Shading of parking lots, 

streets, and rooftops keeps runoff temperatures lower, reducing thermal shock to 

receiving waters and also keeping water temperatures within a more tolerable range for 

cool and cold water species.  

 

Goals of Urban Watershed Forestry 

 

 The primary goal of urban watershed forestry is to try and mimic the pre-

development hydrology as much as possible (Day and Dickinson, 2008).   This can be 

accomplished with three secondary goals.     

 First is to protect undeveloped forests that currently exist in the watershed.  This 

can be done by creating ordinances, policies, and incentives to preserve existing 

forestland cover and reducing encroachment or clearing during development.   

 Second is to enhance the health and condition of the existing forest fragments.  

Methods are in place to improve the condition of these forest fragments, such as placing 

obstacles to vehicle use, erecting barriers to soil erosion that could wash away root 

structures, and requiring developers to leave as many trees as possible.  These areas tend 

to give the greatest benefits in terms of stormwater reduction and water quality 

improvement within an urban watershed (Anderson et. al., 1976; Capriella et. al., 2005).  

 Third is to reforest open land either through a planting program or by allowing 

natural regeneration to occur.  This includes encouraging planting of trees in new 

developments. 

 One example of a project which returned the area within its boundaries to very 

nearly its pre-development hydrology is the Seattle Street Edge Alternatives Project.  The 
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Street Edge Alternatives project, completed in 2001, had a goal of using only surface 

retention/detention methods to reduce peak flows from a 2-yr, 24-hr event to pre-

development conditions.  To accomplish this, several design aspects were addressed.  The 

streets themselves had 11% less impervious surface than a traditional street.  Swales were 

utilized to provide detention of flow and 100 trees and 1100 shrubs were planted along 

the three blocks of the project.  These methods maximized detention values and time of 

concentration on the site and did not reduce the utility or access to the street.  The trees in 

this case were calculated to have restored both infiltration and ET to levels closer to 

predevelopment values and slowed the flow of stormwater.  After two years of 

monitoring, a 99% reduction in total volume of stormwater leaving the street was 

observed (Center for Watershed Protection, 2008). 

 

 

How Urban Forest Functions Improve Water Resources 

 

 
Figure 3-3  Part of Minneapolis Urban Forest and Lake of the Isles 

Photo: Center for Watershed Protection 
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 The urban forest affects the hydrologic cycle in four major ways.  They are 

(Capriella et al, 1996): 

 1) Interception of precipitation by the canopy, and subsequent 

 storage/evaporation, 

 2) Increasing soil storage capacity through evapotranspiration, 

 3) Increasing infiltration through the more open-textured soils under tree 

 canopies, 

 4) Reducing the erosive impact of raindrops on the soil through interception and 

 the dampening effects of litter. 

 

Increased Interception and Evapotranspiration 

 

 These two processes are interrelated, so the these processes will be covered 

together in this section.  Generally, as the amount of interception increases, at the point of 

canopy saturation, the evapotranspiration also begins to increase.   

 By removing surface-layer water from storage through the process of 

evapotranspiration (ET) from trees and vegetation as well as any existing water bodies 

such as ponds, streams, and lakes, additional storage is created for later events.  ET is one 

of the largest reducers of runoff and has some of the greatest effects on groundwater 

recharge  (Day et. al., 2008; Peters & Rose, 2001; Shaver et. al., 2007).   In the forested 

areas, ET is at a maximum because the forest fully occupies the site (Lull and Sopper, 

1969, Anderson et. al., 1976).  In urban areas, evaporation from impervious surfaces is 

generally a larger component of the total hydrologic cycle. There is a curious paradox 

especially in the more water rich areas.  In places where heavy watering of the landscape 

occurs, a greater portion of water becomes available for ET, resulting in a potential ET 

greater than average annual precipitation in some areas (Lull and Sopper, 1969). 

  Tree cover increases the interception part of the hydrologic cycle greatly, and can be 

used to offset the direct runoff increase resulting from higher imperviousness.  Xiao 

(1998) reported average annual interception in Sacramento, CA to be 11.1%.  The 

variation was considerable and depended on the structure and composition of the forest 

within the area being studied and ranged from 38% in the summer in areas of large 
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broadleafed trees to 18% in areas of smaller conifer and deciduous trees.  In 2000, he 

found interception rates varied by patterns of canopy distributions in individual trees, but 

an average tree would intercept between 15% and 27% of the gross precipitation falling 

on it from an average rainfall event.  It tended to be greater at the beginning of the event 

and reduced to about 3% at maximum precipitation intensity, reflecting the changes in the 

storage capacity of the canopy and the quantity of leaf drip and stemflow occurring.  As 

the storms subsided and stopped, evaporation and transpiration began to release some of 

the stored water from the canopy.   He also concluded that the greatest benefits of trees in 

urban areas occurred during smaller, more frequent rain events which deposit the greatest 

pollutants, making the urban forest more effective at pollution control than at flood 

control.    

 Coder (1996) reports interception rates of 18% average during the growing season 

in the Georgia area.  For every 5% addition to canopy cover, runoff is decreased by 2%.  

The typical canopy covers of 29% in the metro Atlanta region (American Forests, 2010) 

tends to reduce runoff by 7% during a 6-hour rain event and 17% in a 12 hour event.  In 

addition to reducing volume, the first 15 minutes of a storm also sees 47% of surface 

pollutants, such as fertilizers, pesticides, and organic and biological litter reduced. 

 Runoff coefficients for three different urban land cover types are shown in Table 

3-4 below. 

 

Table 3-4 

Runoff Coefficients for Different Land Covers 

 

Land Cover Runoff Coefficient Source 

Forest 0.05 Measured (Mostaghini et al 

1994) 

Turf 0.10 Avg B-C soils (Legg et al 

1996) 

Impervious 0.95 Regression avg 40 sites 

(Schuler 1987) 
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 Because increased imperviousness is one of the identifiers of urban areas, it is 

interesting to look at how the total impervious area affects the ratio of runoff to total 

precipitation.  Two tables, the first from Horner and Flynt (1936), and the second from 

Lull (1969) depict rainfall/runoff ratios for two different urban watersheds.  The first was 

in the St Louis, Missouri area; the second from the Dilldown experimental watershed in 

Pennsylvania.  

 

Table 3-1 

Runoff/Rainfall Ratio to Percentage Imperviousness-St. Louis, MO* 

Percentage Imperviousness Runoff/Rainfall Ratio 

30 0.4 

50 0.65 

72 0.8 
*Source: Horner and Flynt (1936) 

 

 The data in Table 3-2 come from Lull and Sopper (1969) and reflect modeling 

they did on data from the Dilldown experimental watershed in Pennsylvania.  This 1529 

acre watershed had a forest cover of mainly scrub oak.  Data from water year 1953 were 

used. Potential evapotranspiration was computed by the Haman method (Irmak and 

Haman, 2003), which uses a standardized reference crop to estimate potential 

evapotranspiration.  Runoff was estimated from the daily record of precipitation with soil 

moisture content estimated to be six inches.  Annual precipitation for the year was 58.06 

inches.  
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Table 3-2 Estimated Potential Evapotranspiration and Runoff (annually and seasonally), 

in inches (from Lull and Sopper 1969)  

 
 

 Rainfall/runoff coefficients for the scenarios in Table 3-2 are 0.60 for the forest 

cover, 0.69 for the 75% forest cover, 0.78 for the 50% forest cover, and 0.85 % for the 

25% forest cover.  From this, one sees that the combination of the factors of increased 

imperviousness and reduced tree cover within an urban area tends to increase the 

percentage of the total water budget going to runoff, while the loss of vegetation and tree 

cover reduces the total potential evapotranspiration. 

 Lull and Sopper also cite two studies, (Woolridge, 1967 in Seattle, and Dagg and 

Pratt, 1962 in East Africa),  that both concluded greater amounts of development and 

impervious areas within a watershed led to a greater proportion of rainfall that became 

runoff and a lesser amount was infiltrated.  

 New York City is a metropolitan area in which interception by street and green 

space trees has been studied and estimated.  It has an estimated 5.2 x 106 trees on public 

lands and rights of way, of which 292 x 10³ are street trees. (Peper et. al., 2007)  Annual 

precipitation interception by these trees is estimated at 890 x 106 gallons or 119.055 x 106 

ft-3, using methodology developed by Xiao et. al. (1998).  Generally, the greater the leaf 

and stem area of the tree, the greater its capacity to intercept.  The best performing 

species are London planetree  (Platanus acerifolia) and Norway maple (Acer 

platanoides).  The calculated benefit to NYC of stormwater reduction due to the canopy 
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cover (24%) is $35.6 x 106 or $61/tree.  New York City residents see $5.60 in total 

benefits for each $1 spent on maintaining their urban forest. (Peper et. al., 2007)    

 The Green Streets Program, started in 1996, had as its goal the conversion of 

paved traffic islands and medians into green spaces.  In 2007, Mayor Michael Bloomberg 

also initialized and dedicated $39 million in resources to the PlantNYC program, with its 

goal of planting street trees in as many locations as possible to create 800 miles of new 

green streets and reforest 2000 acres of parkland (Center for Watershed Protection, 

2008).     

    

Increased Infiltration 

  

 The third contribution of trees to favorably modifying the urban hydrologic cycle 

is in the infiltration component.  Trees shelter the soil surface and prevent or modify the 

impact of raindrops on it.  By preventing the exposure, the soil openness, and thus 

infiltration capacity, is preserved (Brooks et. al., 2003).  Trees also have an extensive root 

system which is dynamic.  This means that new roots are growing and being added as old 

roots die off and decay.  This process creates a system of macropores in the soil, which 

permits greater infiltration as well.  Generally the soil around trees is not as compacted, 

which also increases infiltration capacity.  An understory of shrubs or smaller trees will 

provide additional soil coverage, as well as an additional network of roots. 

 Hewlett and Nutter (1969) credit the following factors among others as 

contributors to a good infiltration rate. 

 Soil texture and structure, which contribute to its porosity, is important.  As 

mentioned above, no matter the soil type upon which they grow, trees and forest cover 

will improve the porosity of the soil.  Biological activity and organic matter of the soil 

also affect its infiltration rate.  Typically, an urban forest, even a fragmented one or a 

street tree, would have a miniscule amount of biological activity and organic matter 

associated with it, thus minimally improving infiltration.  Along with this, the depth and 

type of mulches, forest floor litter and vegetation cover improve infiltration. 

 The most important factor, according to these authors, is the quality of water 

being infiltrated in terms of silt, sediment, and chemicals. Because the forest floor 
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absorbs much of the energy of the raindrops, and because the interception process 

removes some of the chemicals involved, cleaner water reaches the soil for infiltration.  

 The increased infiltration capability of trees and forested areas also works to 

reduce overland flow.  Anderson et. al. (1976) write that in mature undisturbed forested 

areas, overland flow is nearly absent.  They cite one study (Curtis, 1966) in Wisconsin in 

which forested areas absorbed some of the overland flow from 40 different precipitation 

events.  This would indicate that this function is a critical one for managing urban runoff 

from smaller events.  Under urban and suburban development as it has traditionally 

occurred in the US, overland (Hortonian) flow increases as development stages progress 

and reaches streams much more quickly, due to soil compaction, stripping of topsoils, 

and loss of trees and vegetative cover during the process (Booth, 2002).   

 Time of concentration and time to peak flows often change by times ranging from  

hours to days, and these new peak flow increase by anywhere from 2 to  often up to 10 

times greater than for the original landscape.  The largest flood peaks can double, and 

even the smaller and more frequent precipitation events can see total discharges increase 

by up to 10 times.  In fact, Booth (2002) found empirical data showing that the discharge 

from a 10-yr event on a forested subwatershed nearly equaled that of a 2-yr event on an 

urbanized subwatershed (urbanized being defined as ≥ 10% imperviousness).  This was 

also noted to be the threshold of stream degradation.   

 Lull and Sopper (1969) reported a 1963 study using ring infiltrometers which 

yielded infiltration rates on turfgrass lawns of approximately 0.10 in/min (6 in/hr) vs. 

rates of 0.58 in/min (34.8 in/hr) on forest soil.  They attributed this to the bulldozed and 

stripped nature of turfgrass soils, as compared to forest soils, as well as the compaction 

that often occurs on them. 

 In the presentation Urban Watershed Forestry Concepts 

(http://www.slideshare.net/watershedprotection/formatted-uwf-slideshow-

presentation?type=powerpoint), Tom Schuler of the Center for Watershed Protection 

cites the following statistics for urban vs. forest infiltration from precipitation events: 

 12.4 in/hr for forest soils; 4.4 in/hr for lawns 

 Average suburban development infiltration rate was 1.9 in/hr-from Kays, 1982 



 29 

 Average infiltration rate in disturbed soils is only 35% of the infiltration capacity 

of soils with intact profiles-from Kelling et al, 1975.       

 Urban development construction activities, as well as many of the standard 

BMP’s tend to increase fine sediment flow into urban stream channels.   Good riparian 

vegetation and corridors can offset this tendency.  High quality intact riparian flora and 

corridors are necessary but not always sufficient to obtain and maintain high quality 

habitat (Booth, 2002). 

  

Reduction of Raindrop Impacts 

 

 The final contribution of urban forests to improvement of water resources being 

considered here is the reduction of erosive impacts of the raindrops as they fall.  Lacking 

an area with canopy or other obstacles to its path before hitting the ground, raindrops can 

dislodge particles of soil as they hit and as the number of them become sufficient, large 

amounts of soil can be eroded.  In some cases, tree canopy can reduce the impact of 

raindrops as they hit the soil, reducing erosion. 

 Like increased interception, this is true only for the smaller and shorter rainfall 

events.  With increasing rainfall resulting in canopy drip, raindrop velocity can approach 

that of open rainfall.  Because the equation for the erosion can be defined as Ke = mv², 

where Ke is the kinetic energy of the raindrop, m is the mass of the raindrop, and v is the 

velocity of the raindrop, this can result in nearly an equal amount of erosive force under 

trees for the larger rainfall events.  In natural forest areas, urban forests with substantial 

understory components, and forest fragments within cities, the presence of litter and 

detritus on the forest floor can diminish these erosive effects somewhat.  

  The effects of forest land on erosion reduction when compared to urban areas can 

be found in the Gunpowder Falls Basin watershed of Maryland.  The Maryland Forest 

Agency reports that in this watershed, which drains into Chesapeake Bay, forestland 

produces 50 tons of sediment per mi² per year, but established urban areas export 50 to 

100 tons per mi² per year.  Land stripped for construction sends even more sediment 

downstream, anywhere from 25,000 to 50,000 tons per mi² per year.  The problem is that 

the sediment does not enter the bay and sink to the bottom, rather, it inhibits formation of 
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essential aquatic habitat by preventing growth of sea grasses along the bay shore 

(Ebenreck, 1989). 

 

Additional Examples from the Literature  

 

 The following are several examples of what can be accomplished using urban 

watershed forestry practices.  In each illustration, stormwater runoff has been reduced 

and the other benefits of the tree cover have also been realized.    

 In Dayton, OH,  Sanders (1984) reports the existing tree canopy cover of 22% in 

the city reduced potential runoff by 7% from a storm of the 1 year 6 hour recurrence 

interval.  In Dayton, this would be 1.75 inches of rain during that time period.  An 

increase in canopy cover to include 50% of all pervious surfaces would theoretically 

reduce it by 12%.  

 By 1996, the city of Philadelphia, which had many combined storm/sanitary 

sewers, was having problems with 16 billion gallons of overflow every year.  After 

exploring options, officials concluded that conventional solutions would not adequately 

benefit local waterways.  Several recent large flood events have also increased public 

awareness of watershed issues. 

 As a result, Philadelphia now has an Office of Watersheds (OOW).  This is one of 

only a few such offices in the nation.  The OOW integrates stormwater management with 

other water resource protection strategies and policies, including requirements of the 

NPDES stormwater permits and the Clean Drinking Water Act. 

 The standards used to measure results are performance-based standards.  They 

include: 

 1) For developers, the first inch of precipitation must be managed and infiltrated 

on site.  The standard in the Vadnais Lake Watershed in suburban Ramsey County, MN, 

by comparison, is currently ½ inch (Vadnais Lake Area Water Management Plan, 2007). 

 2) Redevelopment projects are exempt from certain stormwater requirements if 

the total project reduces imperviousness by 20%.  This requirement is also a big incentive 

for local developers and is usually met by using green infrastructure. 
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 3) The local communities and neighborhoods are involved through the 

Philadelphia Green® Initiative, which encourages and supports projects such as 

community gardens and greening/reforestation efforts.  Additional stormwater 

management is gained through the Vacant Land Strategic Program which converts vacant 

land and lots to green spaces. 

 4) The city actively manages runoff issues through watershed-scale planning. 

 5) Stormwater utility rates reflect the amount of impervious area or a properties 

contribution to runoff.   

 6) Other activities have included the planting of over 500 street and city trees 

through TreeVitalize. (Center for Watershed Protection, 2008) 

 The American Forests organization is a robust and strong advocate of non-

structural practices in the control of urban runoff quantity and quality.  Specifically, they 

advocate maintaining and increasing urban tree canopy cover as an effective management 

tool.  To that end, they have conducted a series of urban ecosystem analysis (UEA) 

around the US, with the goal of discovering and modeling the changes in each areas 

urban forest cover over time and what these changes have meant in terms of current 

levels in air and water contamination.  In the past 10 years, they have conducted 38 

UEA’s. (http://www.americanforests.org/resources/urbanforests/analysis.php)  Each one 

shows how urban canopy cover has declined over time as building and pavement have 

increased impervious surfaces.  Using their CITYGreen software, they have calculated 

values that the present canopy cover is providing in terms of air and water contamination 

mitigation services.  Scenarios were run in which available open or empty spaces (vacant 

lots, parks, easements, etc) were planted with trees.  By adding only 2% additional total 

canopy cover in Buffalo, NY, added stormwater mitigated from a 2 yr storm in the whole 

urban area as opposed to that mitigated by current canopy cover rose from 20.803 x 106 

ft³ to 32.790 x 106 ft³,   or 519 %.  
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Secondary Effects of the Urban Forest to Urban Watersheds 

 

 Besides the changes wrought in the hydrologic cycle in urban areas, the removal 

of forests and vegetative cover and increase in impervious surfaces results in some other, 

less desirable changes in the watersheds.  Stream channel morphology changes as a result 

of the flashier and higher stormflows.  Baseflow components of streamflow and ground 

water recharge are also affected. Day et. al. and Shaver et. al. both noted that studies 

suggest urbanization both increases baseflows (due to reduced ET and higher 

imperviousness and its associated runoff increase) and decreases baseflows (due to less 

water infiltrating to the aquifers).  Peters and Rose (2001) analyzed 4 streams in the 

Atlanta area and their responses to the 25 highest stormflow events between 1958 and 

1996.  Their study showed that Peachtree Creek, which had the highest level of 

urbanization, had 30-80% greater peakflows than the other streams studied.  It also had 

the highest 2-day recession constant, meaning its flow also decreased much faster while 

the average low flow in the stream was 25-35% less.  Suggested causes included the 

decreased difference in infiltration due to higher stormflows, more efficient stormflow 

routing brought about by increased curb and gutters, and paving or compaction of 

groundwater recharge areas.    
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The Modeling Exercise 

 
 To verify the information in the literature and to quantify changes in runoff as 

canopy cover was changed, a modeling exercise was conducted.  The CITYGreen model 

from American Forests Organization was used to model different canopy cover scenarios 

in two subwatersheds within the Vadnais Lake Watershed in Ramsey County, Minnesota; 

the first draining through Tamarack and Fish Lakes, and the second draining into 

Whitaker Pond.  The goal is also to determine how much effect added emphasis on tree 

planting and other green infrastructure activities might have on the overall runoff profile 

of the watershed.  The outlet of the watershed, Vadnais Lake, is a source of drinking 

water for the St Paul Regional Water Utility, so maintenance of its quality is of 

paramount importance. 

 

Brief Description of CITYGreen Model 

 

 The CITYGreen model developed by American Forests, Inc as a tool for 

analyzing impacts of canopy and land use cover in urban areas was utilized in 

determining and attempting to quantify changes that would occur in storm runoff in these 

two subwatersheds with added amounts of green infrastructure.  

 

Structure and Limitations of Stormwater Module of CITYGreen Model 

 

 CITYGreen is a model which, with all its modules and databases installed, can 

quantify the following benefits of urban forests and green space.   

 1) Air pollution removal 

 2) Carbon sequestration 

 3) Stormwater runoff 

 4) Wildlife habitat 

 5) Projected tree growth 
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The version of the model used in this analysis did not have wildlife habitat or projected 

tree growth modules installed.  Air pollution removal benefits were calculated simply 

because the modules were available. 

 CITYGreen was developed based on research conducted primarily by the US 

Forest Service and Lawrence Livermore Laboratory (Longcore et al, 2004).  Stormwater 

analysis is an adaptation of the NRCS TR-55 hydrology model for urban watersheds.  

This model is still widely used by engineering firms, soil conservation entities, and water 

management organizations for evaluation of different land covers and management 

practices and for determining hydrological parameters like time of concentration, runoff, 

and peak flow for the area of concern.          

 Longcore et.al. (2004) utilized CITYGreen 4.0 to analyze a dense Los Angeles 

neighborhood, and found the following limitations.  The stormwater reduction module 

worked well enough when field data themes were clipped so that highest canopy was 

recorded in every part of study area.  This means that the canopy layers were essentially 

cut out by a cookie cutter and overlaid in such a way that only the attributes of the 

clipped canopy cover layer were represented in the output Version 9.0 has addressed this 

problem somewhat by requiring that when data from the digitized images is prepared, the 

shapefile listed first on the “merge and convert landcover shapefiles to raster” step will be 

the feature used in any overlapping areas.  Since the value of trees and canopy cover is 

the main interest of this study, this one must be listed first for it to be the data theme used 

in those areas.  

 There are some areas of user-defined inputs within the model that can affect the 

outcomes.  The first is soil characteristics.  For these analyses, hydrologic soil types were 

assumed to be similar throughout the study area.  The preferences menu lets the user pick 

A, B, C, or D soil groups, but then uses that one soil type throughout its calculations.  

Changing the hydrologic soil group of the study areas obviously changes runoff and 

infiltration parameters.  If local precipitation data is available, then the user can input 

precipitation data.  Otherwise, version 9.0 assumes a 2-year, 24 hour event based on 

NRCS design storms and uses precipitation data for different regions of the country to 

arrive at a total amount and distribution of the rainfall in its calculations.  Based on the 

information now available, the model calculates the curve numbers for the original 
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landcover, then any replacement landcover the user may decide to input via the “run 

alternate scenarios” dialog box in the CITYGreen Analysis mode. 

 Longcore et. al. (2004) found one more shortcoming in analyzing green 

infrastructure with CITYGreen; it does not account for location of some of the vegetation 

on the ground.  The authors cite Rawls et al (1993) who found that spatial arrangement of 

trees, shrubs, and other landcover can vary the storm hydrographs widely.  Thus, the 

authors of the Longcore paper postulated that CITYGreens accuracy may be thus 

degraded on large areas with extensive topographic differences.  Since both Tamarack-

Fish and Whitaker Pond subwatersheds are relatively flat, with perhaps 2% slope 

maximum, this issue does not appear to apply to the analyses done for this analysis.            

  

 The assumptions made on all model runs were as follows: 

 1) The precipitation event was 2 year recurrence interval-2.75 inches in 24 hours. 

 2) Soils were all in hydrologic class B. 

 3) Replacement land cover, unless otherwise specified, was grassy open areas    

     with scattered trees. 

 4) Slopes were considered to be less than 2%. 

 5) Runoff and mitigation results were calculated only on the study area defined by 

      the delineation of the subwatershed in ARCGis. 

 6) Streets were paved and drained to storm sewers. 

 7) Houses in residential areas were assumed to be less than 3 stories. 

 8) Wetland areas were included in water areas for land cover classification. 

CITYGreen uses an adjustment factor for the amount of wetland and pond delineations to 

adjust the runoff total amounts.  
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Description of the Watershed 

 

 The Vadnais Lake Area Watershed (hereinafter referred to as VLAWMO) is a 

23.5 mile² watershed in northern Ramsey and a small part of southern Anoka County in 

the northeastern Minneapolis-St Paul metropolitan area.  It land use is mainly suburban, 

and is roughly 85-90% developed.   

 The watershed has gently rolling topography, with soils mainly made up of the 

finer sands of the Anoka Sand Plain, with islands of glacial till throughout.  Peat, 

wetlands, or lakes fill many of the depressions (VLAWMO Water Plan, 2007).  The land 

use is shown in Table 3-1 

Table 3-1 

Land Use Percentages Within VLAWMO 

Land Use Percentage of Total 

Streets, Highways 4.7 

Industrial, Commercial 10.3 

Housing Developments 47.9 

Parks, Open 19.1 

Lakes, Streams 15.3 

Agriculture 2.7 

        

 Canopy cover throughout the watershed consists of street and yard trees in the 

majority of every residential neighborhood and patches or fragments of forest, mainly in 

parks, vacant lots, and areas of wetlands where development is not feasible.  There are 

areas of open land consisting of individual or trees in groups of 2 or 3, with grass or 

prairie understory.  Tree species include red oak (Quercus rubra), white oak (Quercus 

alba), and bur oak (Quercus macrocarpa), silver maple (Acer saccharinum) and sugar 

maple (Acer sacharum), Norway spruce (Picea abies), white spruce, (Picea 

glauca),white pine (Pinus strobus) and red pine (Pinus resinosa), black cherry (Prunus 

serotina) , green ash (Fraxinus pennsylvanica) and black ash (Fraxinus nigra), boxelder 

(Acer negundo), paper birch (Betula papyrifera), aspen (Populus tremuloides), and 

tamarack (Larix laricina).  Shrubs include alder (Alnus spp.), and the varieties that make 
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up northern landscaping.  Industrial and commercial areas tend to have a lower 

percentage of canopy cover than any other parts of the watershed.        

  

Description of Subwatersheds Modeled 

 

Tamarack-Fish:  

The Tamarack-Fish subwatershed is a 653.5 acre subwatershed of which approximately 

½ (335 ac) lies within Tamarack Park, a park and nature preserve in White Bear 

Township.   In the north, east and southeast portions are housing developments and a 

small industrial park.  (See map in Appendix 1)  The topography consists of gently 

rolling hills with 2 small lakes (Tamarack Lake-11.6 ac; max depth 10 ft and Fish Lake-

4.5 ac; max depth 20 ft).  There are also numerous wetlands and small ponds.  Interstate 

35E cuts a swath through the northwest part of the subwatershed for 0.5 miles.  The 

housing areas consist mostly of older (1970-1995) houses on lots which vary in size from 

1/4 to 2/3  acre, with mature tree and shrub cover.   Vegetation consists of native grasses 

on the open space prairie portions of the park, with scattered small to large stands of oak, 

aspen, and northern hardwood species and several plantations of red and scotch pine and 

white spruce.   

 Much of the wetland area originally in the park was drained and tiled for farming. 

Remaining wetlands consist of alder and cedar swamps and cattail marshes.  Before 

Interstate 35E was constructed, the outflow from Fish Lake was more like a river.  

However, the construction of the freeway and the development of houses led to changes 

in the drainage patterns of the area.  Now, only a small creek and ditch meander through 

the park, entering from under Interstate 35E on the northeast side of the park, flowing 

southeast through wetlands, then entering Tamarack Lake, leaving through another 

wetland, then turning south through a constructed mitigation wetland created under the 

rules of the Wetland Conservation Act of 1991 before turning again to the northwest and 

flowing through Fish Lake and out of the subwatershed.   

 The nature center recently completed the removal of all non-native plant species 

within its borders.  Management priorities in it include restoring parts of it to natural 

prairie or oak savannah, as well as increasing the size of the play area for children and 
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adding several buildings.  It is a popular destination for recreational activities such as 

cross-country skiing, hiking, and school field trips, and is home to a herd of 

approximately 50 deer.  Soils range from sandy loams on the upland portions to muck in 

areas around the lakes and in the wetlands.  Upland soils generally fall in hydrologic 

category B.  

Figure 3-1 

 
                                                                                                                               Photo: VLAWMO 

1940 Aerial Photo Showing Extent of Agriculture In The Tamarack-Fish Lake Area 

Tree Cover Appears to be Greater Today 
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Figure 3-2 

 
Photos: VLAWMO 

Shoreline of Tamarack Lake, 2009 

Figure 3-3 

 
Photos: VLAWMO 

Shoreline of Fish Lake, 2009 

 

Table 3-2 

Land Cover Percentages in Tamarack-Fish Subwatershed 

Land Cover Acres Percent of Total 

Trees 197.61 30.2 

Impervious 88.7 13.6 

Open space-grass/sc trees 271.2 41.5 

Water/wetlands 96.0 14.7 

Totals 653.5 100.0 
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Whitaker Pond: 

 The Whitaker Pond subwatershed covers 913.6 acres within the city of White 

Bear Lake and a small portion of White Bear Township and empties into Whitaker Pond, 

a 1 acre pond constructed as a stormwater retaining pond when County Road 96 was 

reconstructed in 1996.  Much of the runoff is collected in storm sewers which empty into 

a 96 inch pipe draining into the north end of the pond.  The pond flows through a weir at 

the south end and into Soboda Slough, where the water spreads out before flowing 

through a chain of wetlands and on into Vadnais Lake.  The design flow volume of the 

outlet into the pond is 131 cubic feet per second (cfs), according to the White Bear Lake 

City Engineer.  The pond is undersized for the amount of flow being handled during 

larger events.  As a result, it has silted up almost completely.  Currently, it is being 

dredged and enlarged to enable it to better handle its expected volume of runoff, and is of 

a design that will trap most sediments in the front section, leaving the back section 

cleaner.  

 In the northern part of the Whitaker Pond subwatershed are a series of wetlands 

along the Soo Line Railroad tracks that are considered city-protected water due to their 

status as a unique natural area.  

 This subwatershed has a higher percentage of single and multi family housing 

with scattered small parks than does Tamarack.  Most of the housing is older, so the tree 

cover is more established and currently has a canopy cover 4.2% greater than Tamarack.  

Much of this additional cover is in the form of street and yard trees, with smaller patches 

of forest fragments.  Many of the existing trees are also older and larger than those in 

Tamarack. Impervious surfaces are also greater in this subwatershed, due to the location 

of part of the White Bear Lake business district and the North Campus of White Bear 

Lake High School.  This subwatershed includes mature housing developments resulting 

in slightly less open space than found in the Tamarack-Fish subwatershed. 
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Table 3-3 

Land Cover Percentages in Whitaker Pond Watershed 

Land Cover Acres Percent of Total 

Trees 314.3 34.4 

Impervious 251.8 27.6 

Open Space-grass/sc trees 346.6 37.9 

Water 1 0.1 

Totals 913.6 100.0 

  

   

Methodology of the Modeling. 

 

 In order to use CITYGreen, aerial photos and elevation data of the desired 

locations were downloaded into ARCGis 9.3.  On these photos, the boundaries of the 

study areas were delineated based on the elevations and each major land cover type (tree 

cover, pavement, houses, and water areas) were digitized.  The shapefile versions of the 

subwatersheds are found in appendix 1.  Following CITYGreen instructions, the shapefile 

format was converted into the raster format required for CITYGreen to operate.  The 

parameters of the model for soil type, slope, replacement land cover, location (based on 

menu choices of American metropolitan areas) of Minneapolis were then input.  Model 

runs were always made with the canopy cover selected as the first layer listed in any 

scenario.  This was to insure full value of the canopy cover was calculated.  

 Once this was completed, a run was made with existing canopy cover conditions 

for each subwatershed to determine existing mitigation capacity.  Scenarios were then run 

in which one parameter, usually the amount of canopy cover was changed.  Canopy 

covers with values from 0 to slightly greater than 70 % were examined for each 

subwatershed.  The options of forest, grass, or impervious understory were also examined 

in model runs. 
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 To determine the excess runoff for each subwatershed after all initial abstractions 

had been satisfied, the following formula for precipitation events > 0.25 inches was used. 

Z = [P-(0.2 S)]² /(P + 0.8S), where 

P = precipitation amount (2.75 inches), and 

S = (1000/CN) – 10. 

The CN (curve number) was determined by CITYGreen software by averaging curve 

numbers of the different land covers in each subwatershed. 

 CITYGreen calculates stormwater mitigated by the tree cover in terms of cubic 

feet; this was changed to inches and both figures were included in the resultant tables.  

The initial run, made with the existing conditions, determined the amount of stormwater 

mitigated for those conditions.  The software then allows changes to be made in land 

cover types and percentages, understory conditions, and soils.  From these changes, it 

calculated the amount of change in stormwater mitigated, which were then added or 

subtracted to the original amount.  A brief summary was printed of each scenario using 

Crystal Reports software.  The scenarios modeled reflect both plausible changes, such as 

planting 1 to 2 percent additional canopy cover, up to what is possible, by planting all 

open areas.  Results were tabulated in an Excel spreadsheet and a regression analysis was 

calculated.   

 

Results of Modeling  

 

Tamarack-Fish Subwatershed: 

  The excess runoff after initial abstractions were satisfied was calculated to be 

0.90 inches and 2,134,981.9 ft³ for this subwatershed.  It showed the most consistent 

change in runoff as canopy cover changed.  The R² value calculated for the change in Q 

mitigated vs. the change in canopy cover was 0.9281, indicating a strong direct 

relationship between the two.  Each 1% change in canopy cover resulted in a .22% 

change in runoff, as long as the understory component remained grass.  Part of this 

consistency might be the lower total percentage of impervious surfaces and higher 
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amount of natural areas within this subwatershed.  Table 3-4 shows the changes in runoff 

both in terms of cubic feet and inches of runoff mitigated from the various scenarios.    

Table 3-4 

   Tamarack Scenarios Modeled     
          

Scenario 
% 
CC 

∆ 
%CC ∆ Q (ft³)   ∆Q(in) Total Q Mit 

Total Q     
(in) 

% XS 
Q Mit %EQ/%CC 

Original 30.2 0 148409 0.062 148409 0.0625 6.95 0 
          
0%-parking 0 -30.2 1433542 0.604 0  0 0 
20% w/ new 
development 20 -10.2 88306 0.0037 60103 0.025 2.8 0.4 
20% replace w/open 20 -10.2 50804 0.021 97605 0.041 4.57 0.22 
Remove 10% CC 27.3 -2.9 14386 0.0061 134023 0.056 6.28 0.23 
Add 0.5 % CC 30.7 0.5 -2247 -0.0009 150656 0.0635 7.06 0.22 
Plant 1.5 % of open 30.9 0.7 -3161 -0.0013 151570 0.0639 7.1 0.21 
Plant 3 % of open 31.5 1.3 -6148 -0.0026 154557 0.0651 7.24 0.22 
60% w/grass 60 29.8 -244903 -0.1032 393312 0.1658 18.42 0.38 
60% w/ forest 60 29.8 -760245 -0.32 908654 0.383 42.56 1.19 
70% w/ grass 70 39.8 -200009 -0.0843 348416 0.1469 16.32 0.24 
70% w/ forest 70 39.8 -866275 -0.3652 1014684 0.428 47.53 1.02 
Plant all open areas 71.7 41.5 -193834 -0.0817 342243 0.1443 16.03 0.22 

Table 3-4 

 An explanation of the terms used in Table 3-4 and 3-5 is in order.  The original 

scenario is the result of  mitigation which occurs with the canopy and other conditions 

within the watershed in their existing condition, or, if all of the current canopy was 

removed, how much additional stormwater would have to be dealt with by other means.  

When CITYGreen runs alternate and replacement scenarios, it calculates only the amount 

of mitigation resulting from the changes to the land cover, not the total amount mitigated 

by the new total canopy cover.  The numbers in Tables 3-4 and 3-5 list the mitigation 

both in terms of inches of rainfall mitigated, as well as cubic feet as a guide to potential 

additional engineered solutions needed. 

 % CC = percent canopy cover 

 ∆ % CC = change in canopy cover percent 

 ∆ Q = change in runoff as a result of change in percent canopy cover  

 Total Q = total amount mitigated by both original plus or minus the changes  

 % XS Q = total percentage of runoff mitigated 

 % EQ/% CC = percent of excess runoff mitigated divided by percent change in  

               canopy cover 
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Change in Canopy Cover vs. Change in Q Mitigated 
Tamarack 

y = -0.0025x - 0.0023
R2 = 0.9281
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Graph 3-1 

Graph shows changes made with grass understory only. 

 

 CITYGreen also calculates the value of engineered structures that do not need to 

be built as a result of the green infrastructures effect.  It assumes a cost to build these 

structures at $2.00 per cubic foot of stormwater mitigated, based on averaging 

construction costs nationwide.  The current green infrastructure in the Tamarack 

subwatershed is calculated to have a dollar value of $296,819 in terms of engineered 

structures not needed to convey additional stormwater.  The modeling results indicate 

practical savings of up to $12,000 by planting 3 % of the open area.  At the same time, a 

large development removing 12% of the canopy cover would require an additional 

expense on nearly $175,000 just for the supplementary stormwater structures needed.  

These dollar amounts do not consider the additional values of other ecosystem services 

rendered by the canopy cover, such as air quality improvement, lessening of noise, 

microclimate regulation, property value increases, and psychological benefits, which 

would add further layers of value.   
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Comparison of Mitigation Effects of Forested vs. Grass Understory 
Tamarack
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Graph 3-2 

 Graph 3-2 shows the difference the understory makes.  The short bars are the 

results when the understory was grass.  The long bars were the results when the 

understory was also forested.  Forested understory was assumed to be not burned or 

grazed.  The addition of a forested understory results in 3 to 4 times the volume of 

stormwater mitigated over a grass understory.  With a site more fully occupied by the 

forest, additional interception, infiltration, and reduction in mechanical impacts of 

raindrops on the soil results, hence the improvement in stormwater alleviation (Anderson 

et.al., 1976). 

 

Whitaker Subwatershed: 

 The excess runoff for this subwatershed was calculated at .756 inches and 

2,681,144.8 ft³.  It also tended toward the .22% change in runoff per 1% change in 

canopy cover, but showed tendencies toward greater amounts of change in some 

scenarios.  However, the R² value for the change in Q mitigated vs. change in canopy 

cover was 0.9032, again indicated a strong direct correlation between the two.  This may 

be attributed to the scenarios modeled, some added considerable imperviousness, others 
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added an amount of forest understory as well.  Table 3-5 and Graphs 3-3 and 3-4 show 

results for Whitaker scenarios modeled. 

 

   Whitaker Scenarios Modeled     
         
Original 34.4 0 207824 0.06266607 207824  8.36  
         
 %CC    Total Q  % Excess %∆Q/ 
Scenario Remain ∆ CC (%) ∆Q (ft³) ∆Q (in) Mit (ft³) Total Q Mit (in) Q Mit %∆CC 
Cut 20% ex CC/grass 27.5 -6.9 37406 0.01127919 170418 0.051386881 6.86 0.22 
Cut 15% ex/meadow 29.2 -5.2 52687 0.01588694 155137 0.046779134 6.23 0.41 
Cut 10% ex/grass 31 -3.4 80253 0.02419904 127571 0.038467039 5.13 0.95 
Plant 2% open/grass 35.2 0.8 -6521 -0.00196631 214345 0.06463238 8.62 0.34 
Plant 5% open/grass 36.3 1.9 11372 -0.00342905 219196 0.066095125 8.81 0.24 
Plant 10 % open/grass 38.2 3.8 -20110 -0.00606386 227934 0.068729931 9.16 0.21 
Plant 15% open/forest 40.1 5.7 -49807 -0.01501852 257631 0.077684596 10.36 0.35 
Plant 50% open/forest 53.4 19 -293395 -0.08846867 501219 0.151134745 20.15 0.62 
Plant 50% open/grass 53.4 19 -98756 -0.02977833 306580 0.092444401 12.33 0.21 
Plant all open/grass 72.3 38.1 -529436 -0.15964314 737260 0.222309215 29.64 0.56 

 

Table 3-5 

Whitaker Scenarios Modeled 

 

 Because the two subwatersheds are similar, results obtained should also be 

analogous.  The original canopy cover in both cases mitigates 0.062 inches of 

precipitation.  Similar additions or subtractions of canopy cover result in similar amounts 

of rainfall mitigated.  The ratio of change in canopy cover to change in stormwater 

mitigation for similar understories is comparable.  

 Differences may be accounted for by slightly different percentages of land cover 

between the two subwatersheds, resulting to some extent in different curve numbers for 

each area calculated by CITYGreen.     

 These scenarios represent what would happen under soil moisture conditions 

assumed to be a week after the last precipitation event.  The results would be different if 

the soil was saturated, or if it was the end of a two month drought.       
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Change in Canopy Cover vs. Change in Q Mitigated 
Whitaker

y = -0.0038x + 0.0062
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Graph 3-3.  Graph shows changes with grass understory only. 
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Forest Vs. Grass Understory Mitigation Example 
 Whitaker
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             Graph 3-4 

In Graph 3-4, the long bar represents the forested understory, the short bar is the 

grass understory.  As in Tamarack, the forested understory mitigates roughly three times 

the amount of rainfall as does the grass.      
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Conclusions and Recommendations 
 

 The key points of this study are that urban areas are growing, and as they grow, 

the hydrology of the affected watersheds and drainage basins changes.  These changes ae 

generally to the detriment of the watershed, e.g. additional storm runoff and reduced 

infiltration and interception.  Urban forestry is a tool in the tool bag that can mitigate 

some runoff and restore some of the earlier and more desirable catchment hydrology.  

CITYGreen is a means of modeling different scenarios to assist urban planners in 

determining canopy cover goals and how different scenarios will affect local water 

resources.  This program allowed me to project the outcomes of various urban scenarios 

on two different subwatersheds in the metropolitan Minneapolis-St. Paul area. 

 Both  the current literature and the CITYGreen modeling exercise show that there 

is a indirect and positive correlation between canopy cover and runoff, as canopy cover 

rises, runoff falls.  Various Urban Ecosystem Analyses by American Forests, studies by 

the Center for Watershed Protection, and an assortment of papers and modeling exercises 

available through a literature search all agree; a 40% canopy cover target is considered 

the  minimum to keep an urban watershed in good health. (American Forests)  Although 

the model uses a 2 yr recurrence interval event as the basis for its runoff calculations, 

similar reductions could be extrapolated for all scenarios up to the point where saturation 

and flooding begin.  At that point, even if the entire site were forested, it may not contain 

the flood (Anderson, 1976). 

 Key conclusions regarding the influence of canopy cover on urban water 

resources include: 

 1) The well-managed urban forest, in addition to all its other ecosystem services 

(air pollution removal, micro-climate moderation, noise reduction, etc) is an important 

tool for reducing storm water runoff amounts by slowing time to peak runoff and 

reducing the volumes of those peakflows. 

 2)  As with wilderness forests fully occupying the site, the urban forest effects are 

more pronounced during smaller recurrence interval events, those of ≤ 2 years.  During 

larger events, mitigation and runoff reduction still occurs, but the greater total amount of 

precipitation effectively lessens the effect as initial abstractions are satisfied, and 

additional precipitation is converted to runoff. 
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 3) The experiences of different cities throughout the country, as well as research 

conducted by interested parties such as AFA and CWP have helped quantify the benefits 

and given urban planners and officials tools and techniques to better use urban forestry to 

help manage stormwater.  

 4) For planners and city officials, both current literature and CITYGreen 

modeling exercises show that adding tree canopy cover in urban watersheds is a cost-

effective method of managing both storm water runoff and NPS pollutant loads.  Urban 

watershed forestry, when combined with structural solutions and current BMP’s, will 

result in the greatest level of mitigation for a lower cost than structural solutions only.  

Adding a small amount of canopy cover can significantly reduce runoff in terms of both 

total volume of water and amounts of NPS pollutants entering the receiving bodies. 

(Shaver et al, 2007)  Adding canopy cover may be especially effective in older areas 

which were developed before the current BMP’s were required.  These trees can be 

planted on public land.  Boulevards can be utilized, as can schoolyards, parks, vacant lots 

and parcels of land, parking lot borders and islands, and some easements and rights-of-

way.  Homeowners, landlords and business owners with suitable areas can be encouraged 

through use of credits or other incentives to plant one or two trees on their properties.  

One such planting alone would not make a noteworthy difference, but if multiplied by 

many people participating, would be important at larger scales.       

 5) In order for urban watershed forestry practices to be implemented, a dollar 

value must be applied to the green infrastructure, and compared to the cost of structures 

resulting in similar control.  When planners and officials budget, these numbers will not 

only help them see where the costs are but what benefit their communities will derive 

from the trees.  This will help them compare and make best use of their funds. 

Developers must also have enough financial incentives in the form of credits for 

stormwater not needed to be mitigated by utilizing designs that reduce runoff and by 

preserving forest cover wherever possible (Watershed Forestry Resource Guide, 2008).         

 6) Each 1% increase in canopy cover within a  watershed results in about a 0.22% 

decrease in runoff.  Because each area is unique, this is only a general figure; however, it 

holds true in the upper Midwest region on the US, and has been a consistent number in 

most of the modeling conducted for this paper.  Any differences can usually be attributed 
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to larger changes in understory, such as adding impervious surfaces, or allowing an 

understory of brush and trees grow up as well.  This as a general figure, not a hard and 

fast number, because every area is different, but it can be useful when weighing different 

options. 

 7) Understory composition was found to affect runoff in addition to canopy cover.  

There was again a direct and positive correlation between the imperviousness or 

roughness of the understory and the runoff amounts generated. In Tamarack, a forested 

understory yielded a reduction in runoff of 3.41 times that of a grassy understory.  (See 

Appendix 3)  As would be expected, pavement or roofs generated more runoff than grass 

and scattered shrubs, which in turn generated more than shrubs and small trees.  Forest 

fragment areas which also have a forest type understory as opposed to any type of grassy 

understory lacking brush or shrubs will give greatest reduction.  As many urban trees are 

in parks, lawns, and on boulevards with grass or turf understory, this represents a 

compromise in terms of stormwater reduction, but is preferable to no tree cover.  

 8) With respect to the individual subwatersheds modeled, the different results can 

be partially explained as follows. Because they are moderately developed watersheds, 

using a combination of methods will serve to create a more significant impact than either 

structures or green infrastructure would alone. (Shaver et. al., 2007)  In watersheds like 

VLAWMO, which contain shallow lakes and mainly first order streams, riparian 

placement of additional canopy cover can be especially effective in improving water 

quality (Tomer et. al., 2005). 

 Based on these results, adding canopy cover to the Whitaker basin will be most 

effective in keeping excessive runoff and their associated NPS loads out of a receiving 

body that flows directly into a drinking water source, and so would be an effective use of 

resources.  It would also result in lower siltation rates of the pond, and so reduce expected 

annual maintenance costs.  This is especially so in this subwatershed because during 

storm events, the inflow from the outlet pipe is considerable.  The time to plant 

supplementary trees near the pond is now, since the major modernization of the pond is 

nearly complete, and the vacant park land is available.      

 Tamarack basin is less intensively developed than is Whitaker; nevertheless, 

additional canopy cover here will also reduce siltation and NPS loads into Tamarack and 
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Fish lakes and additional P export downstream.  Due to Ramsey County’s plan to add 

further parking and buildings to the site ultimately, it is recommended that native species 

of trees be planted to offset the expected increases in storm runoff that will result.  These 

could be planted in areas of the park that are open but not designated as prairie restoration 

sites.  Some could also be planted in open areas of the Otter Lake School grounds and 

adjacent boulevards just north of the park. 

 While localized flooding is not a large concern within most of VLAWMO, 

concern exists for reducing peak flows from new developments by controlling peak 

runoff increases. A requirement to maintain a larger number of existing trees during 

development and redevelopment is a suggestion here.  To some extent, the administration 

of  VLAWMO recognizes the contribution of green infrastructure by incorporating 

infiltration credits to the contractors for either maintaining or establishing forested and 

natural areas during construction or redevelopment activities.  (VLAWMO water plan, 

2007)  Wetland buffers are also a requirement in VLAWMO, with widths varying 

according to management priority of the wetland.  Suitable species of trees, such as ash 

or black spruce, can be used as part of the vegetation in these buffers.  VLAWMO is also 

considering adding a policy of a canopy cover goal for the watershed as a whole. 

 The urban forest is too important a resource not to be utilized to its fullest for all 

the benefits it provides.  These include, in addition to the hydrological benefits, air 

pollution removal, air temperature control, aesthetic improvement, property value 

increases, and psychological benefits.  As more is learned about the functions and 

structures of urban forests, it is hoped that city officials will make the management, 

protection, and growth of these forests a higher priority.    
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