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ABOUT THIS MANUAL SERIES
This manual is one in a three-part series on using trees to protect and restore urban watersheds.  A brief 
description of each part follows. 

Part 1: Methods for Increasing Forest Cover in a Watershed introduces the emerging topic of 
urban watershed forestry.  This part also presents new methods for the watershed planner or forester to 
systematically measure watershed forest cover and select the best methods for maintaining or increasing 
this cover by protecting, enhancing, and reforesting large parcels of primarily public land across the 
watershed. These methods are based on extensive review of the latest research and input from experts in 
D�ZLGH�UDQJH�RI�UHODWHG�¿HOGV���

Part 2: Conserving and Planting Trees at Development Sites�SUHVHQWV�VSHFL¿F�ZD\V�WR�HQDEOH�
developers, engineers, or landscape architects to incorporate more trees into a development site. 

�D���Z�L�G�H�EwatersheConserving and Plant430easing For
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Chapter 1: Introduction to Urban Watershed Forestry
This chapter introduces urban watershed forestry concepts, and makes the case as to why communities 
should integrate trees and forests into their planning practice in both developed and developing 
watersheds. Included are a discussion of terminology, principles, goals, objectives, and techniques 
related to urban watershed forestry; a review of the impacts of urbanization on forests and watershed 
KHDOWK��D�UHYLHZ�RI�WKH�ZDWHUVKHG�EHQH¿WV�RI�IRUHVW�FRYHU��DQG�XQLTXH�FRQVLGHUDWLRQV�IRU�UHIRUHVWLQJ�
urban areas.

What Is Urban Watershed Forestry?

6LQFH�WKH�����¶V��XUEDQ�IRUHVW�UHVHDUFK�DQG�QHZ�WHFKQLFDO�DQDO\VLV�WRROV�KDYH�GH¿QHG�D�ZLGHU�UROH�
and value for urban trees. There is greater recognition of how urban trees and forests improve air and 
water quality, reduce storm water runoff, conserve energy, and protect public health. Increasingly, these 
EHQH¿WV�DUH�EHLQJ�EHWWHU�GH¿QHG�DQG�TXDQWL¿HG�WKURXJK�VFLHQWL¿F�UHVHDUFK��$W�WKH�VDPH�WLPH��WKH�ORVV�RI�
trees and forests in developing watersheds continues, and urban tree canopy in inner cities deteriorates 
through removal or lack of replacement. The rate of conversion of forests to urban uses increased 
twofold from 1982 to 2001 in the United States, reinforcing the need for greater integration of forest 
and land use planning (NRCS, 2001). 

The magnitude of impacts due to the loss of green space in urban watersheds, such as increased 
runoff and impervious cover, demonstrates the vital role of forestry in urban watershed management. 
Past approaches to restoring urban watersheds that have relied on structural solutions have failed to 
protect and restore urban streams. Many practitioners in the engineering community are now turning 
to vegetation and natural systems as a critical part of the solution; however, bringing these approaches 
together has not always been easy. 

Urban watershed forestry�LV�DQ�LQWHJUDWLRQ�RI�WKH�¿HOGV�RI�XUEDQ�DQG�FRPPXQLW\�IRUHVWU\�DQG�ZDWHUVKHG�
planning. Urban and community forestry is the management of the urban forest for environmental, 
FRPPXQLW\��DQG�HFRQRPLF�EHQH¿WV��ZKLOH�watershed planning promotes sound land use and resource 
management to improve water resources within a watershed. Therefore, urban watershed forestry sets 
watershed-based goals for managing the urban forest as a whole rather than managing forest resources 
on a site-by-site or jurisdictional basis, and provides strategies for incorporating forests into urban 
watershed management. 

This integration of urban forestry techniques into urban watershed management acknowledges the 
importance of trees and forests in protecting water resources. This approach encourages watershed 
managers and urban foresters to systematically assess existing urban forests to determine how best to 
manage them to meet watershed protection and restoration goals. Several important terms related to the 
FRQFHSW�RI�XUEDQ�ZDWHUVKHG�IRUHVWU\�DUH�GH¿QHG�LQ�WKH�QH[W�VHFWLRQ�

Terminology of Urban Watershed Forestry
It is important to distinguish the terms “forest,” “forest cover,” “urban forest cover,” and “urban tree 
FDQRS\�´�7KH�WHUPV�DUH�VLPLODU��\HW�HDFK�LV�GH¿QHG��PHDVXUHG��DQG�FODVVL¿HG�LQ�D�GLIIHUHQW�PDQQHU�E\�
GLIIHUHQW�DXWKRULWLHV��7KHVH�WHUPV�KDYH�FRQIRXQGLQJ�GH¿QLWLRQV�DQG�PD\�HYHQ�EH�XVHG�LQWHUFKDQJHDEO\��
Box 1 gives examples. 

Chapter 1: Introduction
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BOX 1. SEEING THE FOREST FOR THE TREES

The Pacific Forest Trust defines a forest as “a biological community of plants and animals that 
is dominated by trees and other woody plants” (PFT, 2004). While at first glance this definition 
appears adequate, it may be difficult to use it to define which portions of an urban watershed 
are covered by forest. 

Forest cover can be defined as the total area of land that is classified as forest. Just because 
an area is classified as forest, however, does not necessarily mean that it is 100% covered by 
trees. So how many trees constitute a forest? By delving deeper into the existing literature 
and resources on the mapping and classification of forests, one discovers a diverse array of 
operational definitions, such as the following examples:

1. “Dense forest” includes areas with more than 70% canopy cover, while “fragmented 
forest” includes areas with 40% to 70% cover. – The Tropical Ecosystem Environment 
Observations by Satellite (TREES) project (Center for International Forestry Research, 2004).

2. “Forest” consists of areas dominated by trees with a total canopy cover of 61% or more, 
tree crowns usually interlocking. – National GAP Analysis (USGS, 2000).

3. “Forest” consists of trees with their crowns overlapping, generally forming 60% to 100% 
cover (as opposed to “woodlands” which have 25% to 60% cover). – The U.S. National 
Vegetation Classification System (TNC, 1998).

4. “Closed forest” includes areas with more than 40% canopy cover, while “open or 
fragmented forest” includes areas with 10% to 40% cover. – The United Nations 
Environment Programme (Center for International Forestry Research, 2004).

Since the sources cited above define tree cover as ranging from 40% to more than 70%, estimates 
of watershed forest cover will vary greatly depending on which classification system is used. 

Since the methods in this manual apply to urban watersheds, what we are really concerned with 
measuring is urban forest cover. This manual deals primarily with forests, trees and shrubs, and does 
QRW�DGGUHVV�SODQWLQJ�KHUEDFHRXV�YHJHWDWLRQ��³8UEDQ�IRUHVW´�LV�GH¿QHG�DV�WUHHV�JURZLQJ�LQGLYLGXDOO\��
in small groups or under forest conditions, on public and private lands, in cities and towns and their 
VXEXUEV��&%3���������7KHUHIRUH��RXU�ZRUNLQJ�GH¿QLWLRQ�RI�XUEDQ�IRUHVW�FRYHU�LQFOXGHV�LQGLYLGXDO�WUHHV�
and groups of trees, as well as forests. The best measure of urban forest cover is attained by mapping 
the urban tree canopy. 

Urban tree canopy�LV�GH¿QHG�DV�WKH�OD\HU�RI�WUHH�OHDYHV��EUDQFKHV��DQG�VWHPV�WKDW�FRYHU�WKH�JURXQG�
when viewed from above (CBP, 2004). Measuring tree canopy is also important because it is the tree 
FDQRS\�WKDW�SURYLGHV�VXFK�EHQH¿WV�DV�UDLQIDOO�LQWHUFHSWLRQ��SROOXWDQW�UHPRYDO��DQG�VKDGLQJ�RI�VWUHDPV�
and impervious surfaces (Box 2).

The term “forest cover” will be used throughout this manual when describing the recommended 
methodology (e.g., measure forest cover in the watershed, set numerical goals for forest cover in the 
watershed). For the purposes of this manual, our operational definition of forest cover is the total 
area of land that is classified as forest by the land cover data source you are using. The ideal land 
cover data recommended for this analysis is urban tree canopy, which includes individual trees and 
groups of trees, as well as forest. We recognize, however, that this level of detail may not be attainable 
for all communities. Therefore, communities conducting an assessment of their urban forests should use 
the best available data.
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BOX 2. MEASURING URBAN TREE CANOPY

Measurement of forest cover in an urban watershed is further confounded by forest 
fragmentation. Small forest fragments may not meet the canopy coverage requirements for 
forest cover and thus may be classified as nonforest cover. Therefore, the scale at which forest 
cover is measured and the resolution of the data are also important. Exhibits A and B illustrate 
this point. Note the presence of small patches of trees in Exhibit B compared with the lower 
resolution forest cover data in Exhibit A.

An assessment of urban tree canopy may be obtained from existing data or images such as USGS 
digital orthoquads or IKONOS satellite imagery. Minimum standards for measuring urban tree 
canopy include a resolution of 1 meter and imagery that is no more than 3 years old (CBP, 2004). 
One difficulty with mapping urban tree canopy in urban areas is that these assessments may 
underestimate tree cover where buildings cast shadows over the trees. 
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at a larger scale. For this reason, and for simplicity, this manual presents each step at the watershed 
scale. Many of the techniques related to urban watershed forestry are actually implemented at the parcel 
scale. A parcel is a contiguous plot of land that is owned by a single entity.

Urban watersheds or subwatersheds�DUH�GH¿QHG�IRU�WKH�SXUSRVHV�RI�WKLV�PDQXDO��DV�KDYLQJ�PRUH�
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Table 1. Urban Watershed Forestry Objectives, by Goal
Goal Objective Description

1. Protect

A. Protect Priority Forests
Select large tracts of currently 
unprotected and undeveloped forest 
to protect from future development.

B. Prevent Forest Loss During    
    Development and Redevelopment

Directly or indirectly reduce forest 
clearing during construction.

C. Maintain Existing Forest Canopy

Prevent clearing and encroachment 
on existing protected and 
unprotected forest fragments on 
developed land.

2. Enhance D. Enhance Forest Fragments
Improve the structure and function 
of existing protected forests.

3. Reforest

E. Plant Trees During 
    Development and Redevelopment

Require on-site reforestation as a 
condition of development.

F. Reforest Public Land
Systematically reforest feasible 
planting sites within public land, 
rights-of-way, or other priority sites.

G. Reforest Private Land
Encourage tree planting on feasible 
locations within individual yards or 
property.

Techniques of Urban Watershed Forestry
&KDSWHU���SURYLGHV�GHWDLOHG�LQIRUPDWLRQ�RQ����VSHFL¿F�WHFKQLTXHV�WKDW�FDQ�EH�LPSOHPHQWHG�WR�PHHW�WKH�
goals and objectives of urban watershed forestry. Considerations for planting trees during development 
and redevelopment are covered in more detail in Part 2 of this manual series, Conserving and Planting 
Trees at Development Sites.

Why Is Urban Watershed Forestry Important?

Over 75% of the U.S. population lives in cities (Nowak and others, 2000). As a result, more and more 
people are disconnected from natural resources such as forests that support them and the watersheds in 
ZKLFK�WKH\�OLYH��$V�D�UHVXOW��XUEDQ�UHVLGHQWV�PD\�WDNH�IRU�JUDQWHG�WKH�LPSRUWDQW�EHQH¿WV�SURYLGHG�E\�
urban trees. Urban watershed forestry represents an important management approach, given the many 
EHQH¿WV�SURYLGHG�E\�XUEDQ�IRUHVWV�DQG�LPSDFW�RI�GHYHORSPHQW�RQ�IRUHVW�VWUXFWXUH�DQG�IXQFWLRQ�DQG�
watershed health. Managing urban forests in ways that explicitly address watershed health can mitigate 
some of the negative impacts of forest fragmentation, soil compaction, and increased impervious cover 
in urban watersheds. 

$Q�RYHUYLHZ�RI�WKH�ZDWHUVKHG�EHQH¿WV�RI�XUEDQ�IRUHVWV��WKH�LPSDFWV�RI�LPSHUYLRXV�FRYHU�RQ�ZDWHUVKHG�
health, the impacts of urbanization on forests, and the unique properties of the urban planting 
environment is provided below. 
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Watershed Benefits of Forest Cover
)RUHVWV�SURYLGH�QXPHURXV�EHQH¿WV�WKDW�FDQ�EH�GLYLGHG�LQWR�WKRVH�WKDW�DIIHFW�ZDWHUVKHG�KHDOWK�DQG�WKRVH�
WKDW�DUH�PRUH�DSSDUHQW�DW�WKH�LQGLYLGXDO�SDUFHO�VFDOH��7KHVH�EHQH¿WV�FDQ�EH�IXUWKHU�FDWHJRUL]HG�LQWR�
HFRQRPLF��HQYLURQPHQWDO��DQG�FRPPXQLW\�EHQH¿WV��7KHVH�EHQH¿WV�DUH�VXPPDUL]HG�LQ�7DEOH����

Table 2. Economic, Environmental, and Community Benefits of Trees

Scale Category Benefit

Watershed Environmental

•	 Reduce storm water runoff
•	 Improve regional air quality
•	 Reduce stream channel erosion
•	 Improve soil and water quality
•	 Provide habitat for terrestrial and aquatic wildlife
•	 Reduce summer air and water temperatures

Parcel

Economic

•	 Decrease heating and cooling costs
•	 Reduce construction and maintenance costs (by    
             decreasing costs related to clearing, grading, paving, 
             mowing, and storm water management) Improve soil and wa34iAw445 Tm187 mDaluets
•	 Economic

• Reduce storm water runoff
 Improve regional air quality
�Enh 515.fun_2 1 T1 TFEFF0009>>> Spant<FEF</Aa_2 cTm
(Parcel)Tj
ET
BT
/T1_2 1 Tf
105Reduce storm water runoff Provide habitat for terrestrial and aquatic wild• Parcel
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Table 3. Watershed Benefits of Forest Cover

Benefit Description

Reduce storm 
water runoff and 
flooding

•	 Trees intercept rainfall in their canopy, reducing the amount of rain 
that reaches the ground. A portion of this intercepted rainwater 
evaporates from tree surfaces. This effect is greater in low rainfall 
events.

•	 Trees take up water from the soil through their roots during 
transpiration, which increases soil water storage potential and 
lengthens the amount of time before rainfall becomes runoff 

•	 Trees promote infiltration by attenuating runoff and by increasing 
soil drainage due to the creation of macropores by tree roots. The 
addition of organic matter (e.g., leaf litter) also increases storage of 
water in the soil, further reducing runoff.

•	 Reduced runoff from forested land reduces the frequency and 
volume of downstream flood events.

Improve regional 
air quality

•	 Trees absorb nitrogen dioxide, carbon monoxide, ozone, and 
particulate matter from the atmosphere.

•	 Trees reduce air temperature which reduces formation of pollutants 
that are temperature dependent, such as ozone

•	 Trees indirectly improve air quality by cooling the air, storing carbon, 
and reducing energy use, which reduces power plant emissions

Reduce stream 
channel erosion

•	 Trees growing along a stream bank prevent erosion by stabilizing 
the soil with root systems and the addition of organic matter, and by 
substantially dispersing raindrop energy

•	 Reduced runoff volume due to forests upstream can reduce 
downstream flood flows that erode the stream channel

Improve soil and 
water quality

•	 Trees prevent erosion of sediment by stabilizing soil with root 
systems and the addition of organic matter, and by substantially 
dispersing raindrop energy

•	 Trees take up nutrients such as nitrogen from soil and groundwater

•	 Forested areas can filter sediment and associated pollutants from 
runoff

•	 Certain tree species break down pollutants commonly found in 
urban soils, groundwater, and runoff, such as metals, pesticides and 
solvents

Provide habitat 
for terrestrial and 
aquatic wildlife

•	 Forests (and even single trees) provide habitat for wildlife in the 
form of food supply, interior breeding areas, and migratory corridors

•	 Streamside forests provide habitat in the form of leaf litter and large 
woody debris, for fish and other aquatic species

•	 Forest litter, such as branches, leaves, fruits, and flowers, form the 
basis of the food web for stream organisms

Reduce summer 
air and water 
temperatures

•	 Riparian forests shade the stream and regulate summer air and 
water temperatures, which is critical for many aquatic species

•	 Trees and forests shade impervious surfaces, reducing temperature 
of storm water runoff, which can ameliorate the thermal shocks 
normally transmitted to receiving waters during storms.
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 BOX 4. MAxIMIZING WATERSHED BENEfITS
While trees and shrubs provide watershed benefits, certain forest conditions maximize the 
benefits. The location of forests within headwater riparian areas in the watershed is one of 
these conditions. Headwater streams (e.g., first or second order) are often the most sensitive to 
development as well as the least protected. Cumulatively, headwater streams make up 75% of 
the total stream and river mileage in the country (Schueler, 1995); therefore, having an intact 
forested riparian corridor along headwater streams can provide significant benefits to overall 
watershed health. 

At the site level, large, mature trees and a continuous canopy provide the most benefit in terms 
of storm water reduction, cooling, and wildlife habitat (Metro, 2002). Proper site preparation, 
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RAINFALL INTERCEPTION (CONT’D)
tree to intercept rainfall is influenced by its branching structure, canopy density, leaf texture, 
and bark texture (Metro, 2002). A key factor in determining the amount of leaf coverage or 
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BOX 7. INFILTRATION
The presence of trees helps to slow down or attenuate storm water runoff, which promotes 
infiltration of water through the soil. In addition, tree roots and organic matter from leaf litter 
create soil conditions that increase the capacity to infiltrate rainfall, which further reduces 
the volume of water that runs off the land surface. Tree roots increase infiltration by creating 
interconnected pathways in the soil called macropores. The depth, size, and number of these 
macropores, as well as the storm event characteristics, determine how much macropores aid 
infiltration during storms. Leaf litter and other organic matter produced by trees also work 
to reduce the amount of runoff by holding water and promoting infiltration rather than 
allowing rainfall to run off the surface as overland flow. This organic matter provides a good 
environment for earthworms, which also improve infiltration through the creation of additional 
macropores. 

Infiltration tests conducted across a North Carolina watershed on various land types found that 
a medium aged pine-mixed hardwood forest had a mean final constant infiltration rate of 
12.42 inches per hour. When the forest understory and leaf litter were removed, the resultant 
lawn had a mean infiltration rate of 4.41 inches per hour (Kays, 1980). Four additional types 
of disturbed land were tested and had infiltration values around two orders of magnitude less 
than for the native forest conditions (Kays, 1980).

Improve regional air quality
Trees improve air quality by directly removing pollutants, including nitrogen dioxide, carbon 
monoxide, sulfur dioxide, ozone, and particulate matter such as dust, ash, pollen, and smoke (MD DNW mmhr2Tf
10 0 a411 81er pion82;efass5ion rate of 
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 Improve soil and water quality

7UHHV�LPSURYH�VRLO�DQG�ZDWHU�TXDOLW\�WKURXJK�XSWDNH�RI�VRLO�QXWULHQWV��SULPDULO\�QLWURJHQ���¿OWHULQJ�RI�
sediment and associated pollutants from runoff, and removal of pollutants commonly found in runoff 
and urban soils (see Box 8 on phytoremediation). Over time, trees also increase the amount of organic 
matter in the soil, which binds many pollutants. Appendix A summarizes the effect of land cover on 
water quality in terms of nutrient loads. Sediment loads from forests are estimated at 50 tons of soil per 
square mile per year, compared with developing areas, which can lose 25,000 to 50,000 tons per square 
mile per year (Urban Forestry South Expo, no date).

BOX 8. PHYTOREMEDIATION

Phytoremediation is the process of using plants to remove contamination from soil and water. 
Plants can be used to clean up metals, pesticides, solvents, explosives, crude oil, polycyclic 
aromatic hydrocarbons, and landfill leachates from contaminated soils (U.S. EPA, 1998). Tree 
species typically used for phytoremediation include willow, poplar (cottonwood hybrids), and 
mulberry, because they have deep root systems and are able to control migration of pollutants 
by consuming large amounts of water (Puckette, 2001; Metro, 2002). Forested buffer strips are 
one common example of phytoremediation technology that is applied in agricultural settings 
to filter out pollutants from agricultural runoff before it reaches a stream. Forested buffer 
strips can also be applied in urban settings, although pollutant removal rates are not as well 
documented (Schueler, 1995).

Pollutant removal rates for phytoremediation technologies vary greatly, but one study estimated 
that one sugar maple growing along a roadway removed 60 mg of cadmium, 140 mg of 
chromium, 820 mg of nickel, and 5,200 mg of lead from the environment during a single growing 
season (Coder, 1996). More information about phytoremediation can be found in U.S. EPA (1999).

Provide habitat for terrestrial and aquatic wildlife
Forests serve as wildlife habitat that supplies food, water, and cover for a variety of birds, mammals, 
amphibians, reptiles, and invertebrates. Large areas of contiguous forest are important habitat for 
interior dwelling species, while narrow strips of forest may connect larger forest tracts. Large forest 
areas and narrow strips both can serve as migratory corridors for wildlife.

5LSDULDQ�IRUHVWV�SURYLGH�PXOWLSOH�EHQH¿WV�IRU�DTXDWLF�OLIH��7UHHV�SURYLGH�OHDI�OLWWHU�DQG�ODUJH�ZRRG\�
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lack of forest cover in urban watersheds can increase summer stream temperatures by 2 to 10 degrees 
Fahrenheit (Galli, 1991). In some regions, summer stream warming can even shift a cold-water stream 
to a cool-water or a warm-water stream, and this change can be irreversible (FISRWG, 1998). Trees 
and forests that shade impervious surfaces can reduce the temperature of storm water runoff. Therefore, 
urban forests can mitigate the thermal shocks that would otherwise be transmitted to urban streams 
during storms. 

Impacts of Impervious Cover on Watershed Health
Most watersheds in the eastern United States were once primarily forested. Today, many of these 
forests have been cleared to make way for farmland or urban development. As forests are cleared for 
development in urbanizing watersheds, they are replaced with paved surfaces such as roads, driveways, 
parking lots, and sidewalks. These paved surfaces combined with rooftops make up impervious cover. 
All surfaces in a watershed that are not considered impervious cover are generally lumped under the 
category “pervious cover,” and constitute most of the green space in the watershed (Box 9).

,PSHUYLRXV�FRYHU�KDV�UHFHQWO\�EHHQ�LGHQWL¿HG�DV�DQ�H[FHOOHQW�LQGLFDWRU�RI�VWUHDP�TXDOLW\�LQ�VPDOO�
ZDWHUVKHGV��&:3��������VXPPDUL]HG�UHFHQW�UHVHDUFK�¿QGLQJV�DQG�KDV�LQWHJUDWHG�WKHP�LQWR�D�ZDWHUVKHG�
planning tool known as the Impervious Cover Model (ICM). The ICM predicts that most stream quality 
indicators decline when watershed impervious cover exceeds 10%, with severe degradation expected 
beyond 25% (CWP, 2003). The ICM predicts the average behavior of a group of indicators over a range 
of impervious cover and should not be used to predict the fate of individual species (e.g, trout, mussels). 

7KH�LPSDFWV�RI�LPSHUYLRXV�FRYHU�RQ�WKH�KHDOWK�RI�VPDOO�VWUHDPV�DUH�UHÀHFWHG�LQ�IRXU�GLIIHUHQW�LQGLFDWRUV��
hydrologic, physical, water quality, and biological. Impervious cover fundamentally alters the 
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Figure 2. The Impacts of Impervious Cover on the Hydrologic Cycle                    (Source: FISRWG, 1998, p. 3-21)

BOX 9. ALL PERVIOUS COVER MATTERS

The vegetative cover of urban pervious areas ranges from bare earth to urban forest, but the 
majority is often turf grass or lawn. Forests are the most beneficial type of pervious cover in 
terms of watershed health because they reduce storm water runoff by intercepting and storing 
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Impacts of Urbanization on Forests
As land in a watershed is developed parcel by parcel, formerly continuous forests are divided into 
smaller patches. This process is referred to as forest fragmentation. As forests are divided into smaller 
fragments, the proportion of edge to interior habitat increases, creating an “edge effect.” Edge habitat 
RFFXUV�DW�WKH�ERXQGDULHV�EHWZHHQ�GLIIHUHQW�W\SHV�RI�ODQG�FRYHU��ZKLOH�LQWHULRU�IRUHVW�KDELWDW�LV�GH¿QHG�DV�
large tracts of continuous forest cover (Jones and others, 1997). Fragmentation diminishes habitat for 
forest interior dwelling species (e.g., interior-dwelling migratory birds), although the amount of interior 
forest habitat needed varies for different species (Jones and others, 1997; ELI, 2000). In general, habitat 
quality declines in relation to the size of the forest fragment. 

American Forests estimates that tree cover in urban areas east of the Mississippi has declined by about 
30% over the last 20 years, while the footprint of urban areas has increased by 20% (American Forests, 
no date). In fact, tree canopy cover across the United States averages only 27% in urban areas and 33% 
in metropolitan areas (Dwyer and Nowak, 2000). As forest cover within a watershed falls below 75%, 
fragmentation effects, such as changes in species composition and diversity, become more pronounced 
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different soil characteristics. Wildlife in forest edges are also more vulnerable to external competition, 
predation, and nest parasitism because they are more accessible to predators (e.g., house cats) and 
parasites (e.g., cowbirds) (Hanssen, 2003). 

Figure 4. 
Differences 
between edge and 
interior become 
more pronounced 
with increased 
distance
(Source: FISRWG, 
1998, p. 2-81)

Due to the increased ratio of edge to interior forest habitat in urban watersheds, urban forest remnants 
are particularly susceptible to invasions of nonnative edge-loving plants such as ailanthus, kudzu, 
English ivy, and Japanese honeysuckle, and it is not uncommon for these invasive species to become 
dominant (Figure 5). Herbivory effects from whitetailed deer also tend to increase with increasing 
edge habitat. Deer browse primarily on woody plants and can thrive in transitional edge habitats that 
provide plenty of food and ample shelter (MD DNR, 1998). The lack of natural predators in urban areas 
combined with the effects of fragmentation can also concentrate large populations of deer in small 
IRUHVW�IUDJPHQWV�E\�UHVWULFWLQJ�PRYHPHQW��ZKLFK�IXUWKHU�PDJQL¿HV�WKH�HIIHFWV�RI�EURZVLQJ��

Figure 5. Typical 
urban forest 
fragment with 
invasive species, 
illegal dumping, 
and lack of vertical 
structure
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Stresses from nearby development
5HPDLQLQJ�XUEDQ�IRUHVW�IUDJPHQWV�WHQG�WR�EH�ORFDWHG�LQ�DUHDV�WKDW�DUH�GLI¿FXOW�WR�GHYHORS��VXFK�DV�VWUHDP�
valleys and steep slopes, or in places where trees have been allowed to grow up over time, such as parks 
and vacant lands. Many stresses are placed on these remaining fragments from nearby development 
and land use activities. Construction activities can compact root zones and alter drainage patterns 
around remaining forest patches and groups of trees. Air pollutants such as ozone damage tree foliage 
and impair photosynthesis, making trees more susceptible to pest outbreaks, disease, and drought (MD 
DNR, 2002). Urban forests are exposed to higher temperatures than their rural counterparts because of ht (MD 
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This method is based on the assumption that a municipal or community program has mapping and 
other resources and the ability to conduct the method.  The method is typically conducted across an 
entire watershed or subwatershed, but could easily be applied to a different scale, such as a small urban 
catchment or an entire metropolitan area. In addition, the actual implementation of several of the steps 
occurs at the individual parcel scale (e.g., evaluating reforestation sites, implementing reforestation 
projects).   The use of Geographic Information Systems (GIS) is required, and the resolution of data 
should be appropriate for the scale of analysis. 

The six-step method described here focuses on planning to increase forest cover in the watershed. 
Detailed guidance on implementation of techniques to increase forest cover is outside the scope of this 
PDQXDO��KRZHYHU��VSHFL¿F�UHIHUHQFHV�GLUHFW�WKH�UHDGHU�WR�WKH�EHVW�LPSOHPHQWDWLRQ�UHVRXUFHV�

Step 1: Conduct a Watershed “Leaf-Out” Analysis

Watersheds are constantly gaining and losing forest cover at the same time due to the clearing of forests 
for land development, homeowner landscaping, abandonment of farm land or open space, reforestation, 
RU�RWKHU�DFWLYLWLHV���7KH�¿UVW�VWHS�LQ�SODQQLQJ�WR�LQFUHDVH�IRUHVW�FRYHU�HQWDLOV�DQ�LQYHQWRU\�RI�H[LVWLQJ�
and future watershed land cover to systematically account for forest losses and gains.  The inventory 
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BOX 11. USING GEOGRApHIC INfORMATION SySTEMS fOR THE LEAf-OUT ANALySIS

A Geographic Information System (GIS) is a computer-based tool for mapping and analyzing 
all sorts of geographically referenced (spatial) data.  GIS is a common tool by which local 
governments manage property data, map natural resources, plan future transportation 
corridors, and provide efficient emergency response.  Maintaining a GIS can require extensive 
resources for data collection, staff training, hardware and software acquisition, and more.

The inventory of current and future land cover described in this section requires the use of GIS; 
therefore, some basic understanding of GIS is helpful to navigate this section.  Since a wide 
variety of GIS software is available, the steps described in this section refer only to general 
procedures rather than software-specific manipulations.  The data layers created in this analysis 
have applicability and utility across a wide variety of local departments and analyses.  Following 
are the minimum GIS layers required for the inventory of land cover in a watershed.  

•           Watershed and subwatershed boundaries (delineation methods available at the Storm    
             Water Manager’s Resource Center: www.storm watercenter.net)
•	 Open water and wetlands
•	 Topography
•	 Land cover (e.g, impervious, forest, turf)
•	 Protected lands (e.g., conservation easements)
•	 Parcel boundaries
•	 Land use (e.g., schools, parks)
•	 Zoning 
•	 Natural resources (e.g., stream buffers, steep slopes, floodplains)
•	 Monitoring data (e.g., water quality, habitat, biological)
•	 Cultural, recreational, or historical sites
•	 Storm water treatment practices and other drainage features.

Many of these layers are available for free download from State Web sites such as in Maryland, 
the State Geographic Committee’s Technology Toolbox:  www.msgic.state.md.us.   De la Cretaz, 
and others (2003) provide guidance on compiling and analyzing watershed GIS data, and 
Appendix B provides a list of additional data resources.

Step 1.1	 Estimate the Distribution of Current Land Cover in the 	
		  Watershed
7KH�¿UVW�VWHS�LV�WR�FUHDWH�RU�DFTXLUH�D�*,6�OD\HU�RI�FXUUHQW�ODQG�FRYHU�LQ�WKH�ZDWHUVKHG�WKDW�GLVWLQJXLVKHV�
between three cover types:  impervious cover, forest cover, and nonforest vegetative cover. Open water 
and non-forested wetlands are not included in the land cover analysis.

•	 Impervious cover�LV�GH¿QHG�DV�DQ\�VXUIDFH�WKDW�GRHV�QRW�DOORZ�ZDWHU�WR�LQ¿OWUDWH�DQG�W\SLFDOO\�
includes roads, buildings, parking lots, driveways, sidewalks, and decks. 

•	 Forest cover includes all land that is primarily covered by trees and shrubs, although the actual 
FODVVL¿FDWLRQ�RI�IRUHVW�FRYHU�FDQ�YDU\�JUHDWO\�ZLWK�WKH�GDWD�VRXUFH��VHH�%R[���RQ�SDJH�����7KH�
ideal forest cover layer in this scenario is actually urban tree canopy, which includes the canopy 
of individual trees, groups of trees, and forests.  

•	 Non-forest vegetative cover can include turf, bare ground, landscaping, meadow, and crops.  
,Q�XUEDQ�ZDWHUVKHGV��WKH�PDMRULW\�RI�QRQ�IRUHVW�YHJHWDWLRQ�LV�XVXDOO\�WXUI��6LQFH�LW�LV�GLI¿FXOW�
to distinguish between these cover types from aerial photos, and because all of these cover 
types are potential reforestation candidates, any land cover that is not forest or impervious is 
considered turf for the purposes of this analysis. 

Chapter 2: Planning Methods
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Depending on current GIS data, staff expertise, and resources available, there are three options for 
obtaining a current land cover layer:

1.	
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Step 1.3	 Determine Whether Parcels Are Developed or 			 
		  Undeveloped
The next step is to create or acquire a GIS layer of developed and undeveloped parcels in the watershed 
to identify which parcels have already been developed, or “built-out” to the maximum extent allowed 
by zoning (Figure 9, Step 1.3).  The development status (developed or undeveloped) of a parcel may be 
readily available in the associated data table of a good parcel boundary GIS layer. Ideally, this layer will 
contain ownership data to be used later to prioritize sites based on ownership and to contact landowners 
about potential projects.  If this is not the case, the development status of each parcel can be estimated 
by initially classifying all parcels containing buildings as developed. Aerial photos and local knowledge 
RI�WKH�DUHD�FDQ�EH�XVHG�WR�YHULI\�WKLV�FODVVL¿FDWLRQ���3DUFHO�ERXQGDULHV�FDQ�EH�GLJLWL]HG�IURP�SDSHU�PDSV�
if they do not currently exist in GIS format.  

Alternatively, state planning agencies or the municipal department that handles land development 
permits may have a composite set of parcel maps in a digital format or a database of developed and 
undeveloped parcels (e.g., property tax maps) that can be linked to a GIS layer. One example is the 
Maryland PropertyView Database available from the State Planning Department: www.mdp.state.
md.us/data/index.htm.

Figure 9. Example maps created as a result of the Leaf-Out Analysis: Step 1.1 – current land cover (upper left), 
Step 1.2 – protected lands (upper right), Step 1.3 – development status (lower left), and Step 1.4 – zoning 
(lower right).

Chapter 2: Planning Methods

Step 1.1

Step 1.3 Step 1.4

Step 1.2
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Step 1.4	 Determine Allowable Zoning on Undeveloped Land
Most local planning and zoning departments maintain a GIS or paper map of zoning categories, or 
both.  A zoning map dictates the allowable land uses and development densities within the community 
and provides a snapshot of what land use will look like with future build-out.  If a GIS layer of zoning 
does not exist, one can be digitized from the paper zoning map.  If the watershed spans more than one 
community, zoning information from each community must be acquired and combined (Figure 9, Step 
1.4). 

Step 1.5 Summarize Watershed Data
In this step, the data collected in the four previous steps is used to develop a summary table that 
provides the necessary variables for estimating future forest cover (Table 4). This can be done using 
GIS by merging the four layers created in Steps 1.1 through 1.4 and querying the resulting data table.  
The variables highlighted in Table 4 are inserted into a worksheet designed to estimate future forest 
cover in Step 1.7.

Table 4. Summary of Watershed Data

Zoning Category

Current 
Impervious 
Cover 
(acres)

Current Forest Cover 
(acres)

Current Turf Cover (acres)
Developed

UndevelopedProtected/ 
Developed

Buildable 
(unprotected/ 
undeveloped)

Public Private

Agriculture 100 1,000 50 0 3,000 50
Open urban land 150 2,000 100 4,000 0 0
2 acre residential 500 500 200 0 4,000 1,000
1 acre residential 1,000 500 2,000 0 2,000 500
½ acre residential 1,000 500 3,000 0 1,500 1,000
¼ acre residential 2,000 500 1,000 0 1,000 500
⅛ acre residential 2,000 0 50 0 150 100
Townhomes 4,000 0 500 0 100 400
Multifamily 3,000 0 100 0 100 0
Institutional 1,000 0 500 3,000 500 0
Light industrial 5,000 0 500 0 50 100
Commercial 5,000 0 2,000 0 500 500

Total 24,750 5,000 10,000 7,000 2,950 4,150

Each�RI�WKH�YDULDEOHV�TXDQWL¿HG�LQ�WKLV�VWHS�VHUYHV�VRPH�IXQFWLRQ�LQ�HVWLPDWLQJ�IXWXUH�IRUHVW�FRYHU��
•	 The total amount of current impervious cover in the watershed will limit the potential for future 

forest cover (unless impervious cover is removed in order to reforest).  
•	 Forested land that is already either protected or developed is assumed to remain forested with 

future watershed development. 
•	 Forested land that is both unprotected and undeveloped is considered “buildable,” and some 

proportion of that forest will be cleared during future development (Step 1.6 will estimate that 
proportion).  

•	 Developed turf probably provides the best opportunities for reforestation, especially public 
land; however, only some proportion of public turf will actually be available for reforestation. 
Privately owned developed turf is likely to be residential lawns or commercial or industrial land 
and has the potential to greatly increase forest cover by reforestation, but will require extensive 
education, outreach, and possibly incentives to be implemented.  
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•	 Undeveloped turf may also provide some opportunity for reforestation; however, land should 
always be reforested in conjunction with protection measures, to ensure long-term sustainability 
of the forest.

Step 1.6 Acquire Forest Cover Coefficients
)RUHVW�FRYHU�FRHI¿FLHQWV�UHSUHVHQW�WKH�IUDFWLRQ�RI�GHYHORSHG�ODQG�WKDW�LV�IRUHVW��7KHVH�FRHI¿FLHQWV�DUH�
DSSOLHG�WR�VSHFL¿F�]RQLQJ�FDWHJRULHV�WR�HVWLPDWH�WKH�DPRXQW�RI�IXWXUH�IRUHVW�FRYHU�RQ�DOO�EXLOGDEOH�ODQG�
LQ�WKH�ZDWHUVKHG���/LWWOH�GDWD�H[LVW�IRU�IRUHVW�FRYHU�RU�WXUI�FRYHU�FRHI¿FLHQWV��KRZHYHU��VRPH�GDWD�LV�
available that represent the fraction of developed land that is impervious. The methods used to derive 
WKHVH�LPSHUYLRXV�FRYHU�FRHI¿FLHQWV�PD\�EH�XVHG�WR�HVWLPDWH�IRUHVW�FRYHU�DQG�WXUI�FRYHU�FRHI¿FLHQWV���

ImpHUYLRXV�FRYHU�FRHI¿FLHQWV�IRU����XUEDQ�DQG�VXEXUEDQ�ODQG�XVHV�DUH�DYDLODEOH�IURP�&DSSLHOOD�DQG�
%URZQ��������DQG�DUH�SUHVHQWHG�LQ�7DEOH�����7KHVH�FRHI¿FLHQWV�ZHUH�GHULYHG�IURP�UHFHQWO\�GHYHORSHG�
urban-suburban areas in the Chesapeake Bay region and are applicable to areas with similar types of 
development.  Where possible, local or regional estimates of impervious cover should be used. If none 
are available, communities should derive their own from local data (see Cappiella and Brown, 2001, 
IRU�PHWKRGV����&RPPXQLWLHV�VKRXOG�DOVR�GHULYH�WKHLU�RZQ�IRUHVW�DQG�WXUI�FRYHU�FRHI¿FLHQWV�E\�DQDO\]LQJ�
limits of disturbance on site plans or by analyzing turf cover or forest cover at the parcel scale as a 
sample of actual development sites. Appendix C and Cappiella and Brown (2001) provide detailed 
PHWKRGV�IRU�GHULYLQJ�ODQG�FRYHU�FRHI¿FLHQWV�

Impervious, forest, and turf cover percentages are also provided in Table 5 for three forest conservation 
scenarios. These percentages are examples only and are based on a number of assumptions and data 
VRXUFHV�GHVFULEHG�EHORZ��&RQYHUVLRQ�RI�WKHVH�SHUFHQWDJHV�WR�FRHI¿FLHQWV�IRU�XVH�LQ�ZRUNVKHHWV�UHTXLUHV�
GLYLVLRQ�E\�������$GGLWLRQDO�GDWD�VRXUFHV�WKDW�PD\�EH�XVHG�WR�GHYHORS�ODQG�FRYHU�FRHI¿FLHQWV�DUH�
provided in Appendix D. 

Table 5.  Example Land Cover Percentages for Three Forest Conservation Scenarios1

Zoning Category
Impervious 
Cover (%)2

Turf Cover (%)3 Forest Cover (%)3

NFC IFC DFC NFC IFC DFC

Agriculture 2 93 83 78 5 15 20

Open urban land 9 86 76 41 5 15 50

2 acre residential 11 84 74 39 5 15 50

1 acre residential 14 81 71 36 5 15 50

½ acre residential 21 74 64 54 5 15 25

¼ acre residential 28 67 57 47 5 15 25

⅛ acre residential 33 62 52 47 5 15 20

Townhomes 41 54 44 39 5 15 20

Multifamily 44 51 41 36 5 15 20

Institutional 34 61 51 46 5 15 20

Light industrial 53 42 32 32 5 15 15

Commercial 72 23 13 13 5 15 15

�328
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The turf and forest cover percentages presented in Table 5 are representative of three tiers of local 
forest conservation regulations: no forest conservation, indirect forest conservation, and direct forest 
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Most communities fall into one of these three tiers of forest conservation.  Communities should select 
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BOX 13. LEAF-
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The worksheet result gives an estimate of future forest loss (%) in the watershed with no additional 
forest conservation or reforestation efforts. In the example shown, 48% of existing forest in the 
watershed is lost to development.

The USDA Forest Service’s Northeastern Research Station is developing a new tool to project future 
forest canopy cover that may facilitate the Leaf-Out Analysis.  The tool involves a GIS-integrated 
management decision program that is a component of the Urban Forest Effects (UFORE) Model. This 
tool is called UFORE Future Effects and is designed to project future canopy cover over a 30-year 
period based on estimated growth and mortality rates. More information about UFORE is available at 
www.fs.fed.us/ne/syracuse/Tools/UFORE.htm and www.ufore.org/.

Step 2: Develop Forest Cover Goals and Objectives for the 	
	      Watershed

The second step is to develop overall goals for increasing forest cover in both the watershed and the 
FRPPXQLW\��DQG�WR�LGHQWLI\�VSHFL¿F�REMHFWLYHV�IRU�DWWDLQLQJ�WKHVH�JRDOV���)RUHVW�FRYHU�JRDOV�VKRXOG�EH�
VSHFL¿F��PHDVXUDEOH��DQG�UHDOLVWLF��DQG�KDYH�DQ�DVVRFLDWHG�WLPHOLQH�IRU�DWWDLQPHQW��

Step 2.1	 Set Numerical Targets for Forest Cover 
$�QXPHULFDO�WDUJHW�IRU�IRUHVW�FRYHU�VKRXOG�EH�GH¿QHG�¿UVW�IRU�WKH�HQWLUH�FRPPXQLW\��DQG�WKHQ�IRU�
each individual watershed within the community. American Forests recommends 40% cover for most 
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Because most metropolitan areas contain multiple watersheds that often have varying land use and 
GHYHORSPHQW�SDWWHUQV��D�QXPHULFDO�WDUJHW�VKRXOG�EH�GH¿QHG�IRU�HDFK�ZDWHUVKHG��EDVHG�RQ�FRPPXQLW\�
ZLGH�WDUJHWV�EXW�WDNLQJ�LQWR�DFFRXQW�VSHFL¿F�ZDWHUVKHG�SURWHFWLRQ�RU�UHVWRUDWLRQ�JRDOV�DQG�XVLQJ�WKH�
results of the Leaf-Out Analysis. It may not be realistic for some watersheds to meet the community-
wide forest cover goal, while other watersheds may surpass them.  To date, few communities have 
adopted numerical targets for forest cover at the watershed scale; however, some data indicate that 
ZDWHUVKHG�IRUHVW�FRYHU�RI�DW�OHDVW�����WR�����LV�PRVW�EHQH¿FLDO�LQ�WHUPV�RI�VWUHDP�KHDOWK��$SSHQGL[�)���
These studies provide a starting point for setting watershed-wide forest cover goals. Table 6 provides 
some example forest cover goals for four watershed scenarios. 

Table 6. Example Forest Cover Goals for Four Watershed Scenarios

Watershed Type
Impervious 
Cover %

Forest Cover Goal Benefits of Forest Cover

Suburban-Forested < 25
60% minimum with 
70% riparian forest 
cover

•	 Maintain aquatic ecosystem
•	 Improve filtering capacity
•	 Wildlife habitat
•	 Stream protection

Suburban-
Agricultural

< 25 40-50% minimum

•	 Maintain aquatic ecosystem
•	 Improve filtering capacity
•	 Wildlife habitat
•	 Stream protection

Urban-Suburban 26 to 60 25-40% minimum

•	 Storm water runoff reduction
•	 Reduce urban heat island
•	 Wildlife habitat
•	 Increase esthetic value
•	 Provide recreational 

opportunities

Urban > 60 15-25% minimum

•	 Reduce urban heat island 
•	 Storm water runoff reduction
•	 Public health and air quality
•	 Community livability

7KH�IRUHVW�FRYHU�JRDOV�SUHVHQWHG�LQ�7DEOH���DUH�H[DPSOHV�RQO\�DQG�VKRXOG�EH�UH¿QHG�EDVHG�RQ�LQGLYLGXDO�
watershed characteristics, modeling, or literature review, to directly address storm water, air quality, 
or other outcomes.  Current forest cover should be used as a starting point for goal setting. Current 
watershed impervious cover may also help determine the maximum limit of forest cover that it is 
possible to achieve without removal of impervious surfaces. Numerical forest cover targets should be 
revisited periodically and revised if necessary.  Cost estimates for implementing forest conservation 
and reforestation objectives are necessary for communities to determine what is a realistic forest cover 
LQFUHDVH�WR�DFKLHYH�JLYHQ�D�VSHFL¿F�WLPHIUDPH�DQG�EXGJHW��7ZR�H[DPSOHV�DUH�SUHVHQWHG�LQ�%R[����
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BOX 15. QUANTIfyING REALISTIC fOREST COvER GOALS

A study of the urban forest in Syracuse, NY, found that the current forest cover in the city was 
26.6% for the 25.1 square mile area.  A specific recommendation was made in the city’s Urban 
Forest Management Plan to increase overall canopy cover to 30%.  Assuming that existing forest 
cover was maintained, this increase of 3.4% could be implemented over 25 years by planting 
1,360 new trees each year (Nowak and O’Connor, 2001).  Annual costs for implementation 
are estimated at $272,000 (based on cost of $200 per tree for planting and maintenance from 
Connecticut Climate Change, 2004). 

A similar study by the North East State Foresters Association (Luley and Bond, 2002) used a 
model to determine that a 10% increase in canopy cover was realistic for the New York City 
metropolitan region (an area of 1,950 square miles) to achieve over a 30-year time period. This 
increase would bring the total tree canopy cover up to 41%.  To achieve this goal, more than 
1 million trees would need to be planted each year at an annual cost of $212 million (using the 
above cost estimate). 

Chapter 2: Planning Methods

Step 2.2	 Define Priority Objectives to Meet Goals  
Forest cover goals for a watershed should represent an increase in the existing percentage of forest 
FRYHU��7KH�VSHFL¿F�REMHFWLYHV�XWLOL]HG�WR�PHHW�IRUHVW�FRYHU�JRDOV�PD\�YDU\�ZLWK�HDFK�ZDWHUVKHG�DQG�
should be based on the data derived from the Leaf-Out Analysis (e.g., current impervious cover, area of 
protected forest, area of buildable forest, proportion of public and private developed turf). 
7DEOH���SURYLGHV�JXLGDQFH�RQ�LGHQWLI\LQJ�SULRULW\�REMHFWLYHV�WR�PHHW�IRUHVW�FRYHU�JRDOV�LQ�VSHFL¿F�W\SHV�
of watersheds. 
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BOX 16. LEAf-OUT ANALySIS WORKSHEET fOR ESTIMATING FUTURE FOREST COvER IN 
A WATERSHED (FOREST CONSERvATION AND REfORESTATION SCENARIO) 

Section 1. Future Forest Cover
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Total Current Forest Cover 15,000 acres
From Table 4.
Total Future Forest Cover 16,000 acres

From Section 2.

Future Forest Increase 1,000 acres 7 %

Chapter 2: Planning Methods

Section 3. Results Summary

Figure 11. The effect of forest conservation and reforestation on future forest cover

Figure 11 illustrates the effect of priority forest cover objectives on future forest cover compared with 
future forest cover with no protection or reforestation efforts.

Step 3: Identify Existing Forest and Reforestation 
Opportunities

2QFH�QXPHULFDO�WDUJHWV�IRU�SURWHFWLRQ�RI�H[LVWLQJ�IRUHVW�DQG�UHIRUHVWDWLRQ�DUH�LGHQWL¿HG��WKH�QH[W�VWHS�
involves locating the best sites in the watershed for these activities. In this step, priority forest and 
UHIRUHVWDWLRQ�VLWHV�DUH�VHOHFWHG�IRU�IXUWKHU�HYDOXDWLRQ�LQ�WKH�¿HOG�EDVHG�RQ�WKH�LQYHQWRU\�RI�FXUUHQW�
land cover in the watershed.  Due to factors such as budget and land ownership, however, it is not 
desirable or feasible to pursue each and every forested site for protection, or each and every open area 
for reforestation.  Using the information generated through the inventory of current and future land 
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prior site use (e.g., potential for soil or groundwater contamination), and natural, cultural, and historical 
resources.  
)RUHVWV�VHOHFWHG�IRU�IXUWKHU�HYDOXDWLRQ�DUH�DVVHVVHG�LQ�WKH�¿HOG�WR�GHWHUPLQH�ZKHWKHU�WKH\�DUH�JRRG�
candidates for protection or restoration and to select appropriate protection or restoration techniques.  
In highly urban watersheds where few remaining forests exist, it may not be necessary to whittle down 
the forested sites to a more manageable number.  Criteria for selecting forested parcels for further 
evaluation include the following:

•	 Currently unprotected

•	 Publicly owned or willing land 
owner

•	 Contiguous forest greater than 
D�VSHFL¿HG�DFUHDJH��VHW�E\�
municipality, dependent on 
average size of forest fragments)

•	 Strategic location in watershed 
(e.g, is adjacent to existing 
forest parcel, reforestation site, 
or protected land; connects or 
has the potential to connect two 
existing contiguous forest parcels; 
KDV�VLJQL¿FDQW�QDWXUDO��KLVWRULF��
cultural or recreational value).

(DFK�FRPPXQLW\�VKRXOG�WDLORU�WKHVH�FULWHULD�IRU�VHOHFWLQJ�IRUHVW�SDUFHOV�WR�WDNH�LQWR�DFFRXQW�WKH�VSHFL¿F�
characteristics of their watersheds. The possibility of expanding forested areas or linking them to 
the stream corridor or other remnants should always be considered when selecting priority forest 
sites. Owners of large forested tracts may be contacted at this stage to gauge their interest in forest 
conservation efforts, and to get permission to evaluate their land further.

Step 3.2	 Identify Reforestation Opportunities for Further 			
		  Assessment
To select reforestation sites for further assessment, a map that displays the existing non-forest 
vegetative cover in the watershed should be analyzed along with property boundaries, vacant lands, 
public lands, storm water treatment practices, and natural cultural and historical resource information. 

Sites with turf cover typically present the best reforestation opportunities because they do not 
involve extensive removal of vegetation or impervious cover.  If the GIS layer of land cover does not 
distinguish between turf and other types of non-forest vegetation, aerial photos may be used to verify 
which parcels contain turf.  Turf cover typically represents the largest portion of non-forest vegetative 
cover and can comprise up to 80% of urban pervious cover (CWP, 2000b).  Figure 13 shows the 
distribution of turf cover at the state level across various land uses (composite of MTC, 1996; VASS, 
1998; and PTC, 1989).

Figure 12.  Buildable forest land with potential for future forest 
loss.

Chapter 2: Planning Methods
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Public lands are attractive from the standpoint of reforestation because of their large size and 
ownership.  These include highway cloverleafs and buffers, parks, schools, storm water dry ponds, 
and utility corridors. Vacant lands and stream corridors provide additional opportunities to reforest 
the watershed.  Criteria for selecting reforestation opportunities for further evaluation include the 
following:

•   Turf cover

•   Developed or vacant land

•   Publicly owned (e.g., highway cloverleafs, highway buffers, parks, schools, storm water dry 
ponds, utility corridors)

•   Strategic location in watershed (e.g, stream corridor, adjacent to existing forest parcel, 
reforestation site, or protected land; connects or has the potential to connect two contiguous forest 
SDUFHOV��KDV�VLJQL¿FDQW�QDWXUDO��KLVWRULF��FXOWXUDO�RU�UHFUHDWLRQDO�YDOXH��

Each community should tailor these criteria to select reforestation opportunities that take into account 
WKH�VSHFL¿F�FKDUDFWHULVWLFV�RI�WKHLU�ZDWHUVKHGV��)RU�H[DPSOH��D�FRPPXQLW\�ZLWK�D�YHU\�ODUJH�QXPEHU�
of sites that meet the above criteria may elect to evaluate only turf parcels larger than 2 acres. The 
possibility of expanding existing forested areas or linking two forest fragments should always be 
considered when selecting priority reforestation sites.

Step 4: Conduct a Field Assessment of Existing Forest and 
Reforestation Opportunities

The next step is to select existing individual forest and/or potential reforestation sites for further 
HYDOXDWLRQ�LQ�WKH�¿HOG�WR�YHULI\�WKHLU�H[LVWHQFH�DQG�XVH��GHWHUPLQH�LI�WKH\�DUH�JRRG�FDQGLGDWHV�IRU�
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Table 9. Summary of Forest Assessment Methods
Forest Assessment 
Method

Applicability Description Source

Unified Subwatershed 
and Site Reconnaissance 
(USSR)

Urban upland 
forests

The Pervious Area Assessment form of the 
USSR is used to collect basic information 
about existing forest remnants

Wright and others, 
(2004)

Woodland Buffer 
Habitat Assessment

Riparian forest
Evaluates the value of riparian forest for 
wildlife habitat

Hanssen (2003)

Upland Contiguous 
Forest Assessment

Upland forests
Designed to evaluate large parcels of 
contiguous forest to determine which are 
priorities for conservation

CWP (unpublished)

Maryland’s Green 
Infrastructure Assessment

Regional 
application 

Evaluates hubs and corridors in terms of 
ecological significance for the purpose of 
land acquisition

Weber (2003)

Maryland Forest land ac 0 9 77.65 pn 0 9 27ufJ
d1628_2 iguous
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Step 4.2	 Conduct a Field Assessment of Potential Reforestation 	
		  Sites
0RVW�SRWHQWLDO�UHIRUHVWDWLRQ�VLWHV�DUH�SXEOLF�RU�SULYDWH�WXUI���7XUI�DUHDV�VKRXOG�EH�DVVHVVHG�LQ�WKH�¿HOG�
to verify their condition, evaluate the feasibility of reforestation, and collect information to prioritize 
candidate sites. If desired, additional information may be collected at this time to use in developing a 
reforestation plan for the sites (e.g, detailed soil characteristics).  Table 11 summarizes three assessment 
methods for evaluating urban reforestation sites. Additional information on evaluating planting sites 
is provided in Part 3 of this manual series, and in Reynolds and Ossenbruggen (1991) and WFC and 
Morgan (1993).

Table 11. Summary of Reforestation Site Assessment Methods

Reforestation Site 
Assessment Method

Applicability Description Source

Unified Subwatershed 
and Site Reconnaissance 
(USSR)

Urban upland 
pervious areas

The Pervious Area Assessment 
form of the USSR is used to collect 
basic information about potential 
planting sites

Wright and others, 





41

Separate prioritization methods may be developed to rank forested sites and reforestation sites.  Several 
examples of detailed prioritization methods for protection, enhancement, and reforestation projects are 
summarized in Table 14.

Table 14. Summary of Prioritization Methods for Protection, Enhancement, and Reforestation

Prioritization Method Applicability Description Source

Maryland’s Green 
Infrastructure Assessment

Regional application
Prioritizes hubs and corridors for 
land acquisition based on ecological 
significance

Weber (2003)

Urban Riparian Restoration 
Project

Urban riparian areas
Three-tiered ranking system 
for prioritizing riparian sites for 
reforestation

Virginia Department of 
Forestry (1993)

Watershed Analysis 
Extension for ArcView

Watershed scale

Provides tools for quantitatively 
ranking land in a watershed by 
estimated surface water quality 
impact

de la Cretaz and others, 
(2003)

Chesapeake Bay Resource 
Lands Assessment

May be applicable at 
a variety of scales

GIS-based methods for identifying 
forests in the Chesapeake Bay 
watershed that are important 
for protecting water quality and 
watershed integrity 

Painton-Orndorff and 
others, (2004)

Forest Areas of Local 
Importance

County or regional 
application

GIS-based decision tool to identify 
critical forest areas for protection

NEGRDC (2004)

Urban Forest Effect 
(UFORE) Model

Site level

GIS-based tool for selecting the 
best locations to plant trees to 
improve air quality and building 
energy conservation

USDA Forest Service 
(2004)

Step 6.  Develop Recommendations for Meeting Forest Cover 
Goals

The last step in planning to increase forest cover is to integrate forest cover goals for the watershed in 
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A watershed plan should incorporate the forest cover goals developed in Step 2 as well as the priority 
REMHFWLYHV�LGHQWL¿HG�DQG�DQ\�UHODWHG�QXPHULFDO�WDUJHWV���7KH�ZDWHUVKHG�SODQ�VKRXOG�DOVR�LQFOXGH�SULRULW\�
VLWHV�LGHQWL¿HG�IRU�SURWHFWLRQ��UHVWRUDWLRQ��DQG�UHIRUHVWDWLRQ���'HWDLOHG�LQIRUPDWLRQ�VKRXOG�EH�SURYLGHG�
for the top priority sites, including the following: 

•	 6SHFL¿F�WHFKQLTXHV�UHFRPPHQGHG�IRU�SURWHFWLRQ��HQKDQFHPHQW��RU�UHIRUHVWDWLRQ
•	 Cost estimates for implementation and maintenance
•	 Potential funders, partners, and other entities who will be involved in project implementation 

and long-term maintenance (e.g., watershed organizations, homeowners associations or HOAs)
•	 Implementation schedule.

Step 6 will involve some decisionmaking as to what types of protection, enhancement, or reforestation 
techniques to use at each priority site.  Protection, enhancement, and reforestation techniques are 
described in detail in Chapter 3.
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Chapter 3:	T echniques for Maintaining and 
Increasing Forest Cover in a Watershed

This chapter provides a summary of techniques and further resources for the protection and 
enhancement of forests and the reforestation of open lands in a watershed.  Table 15 lists the techniques 
according to the corresponding goals and objectives. 

Table 15. Summary of Protection, Enhancement, and Reforestation Techniques

Goals Objectives Techniques

Protect

A. Protect Priority Forests
 1.	  Conservation easements
 2.	  Land acquisition
 3.	  Transfer of development rights

B. Prevent Forest Loss During 
Development and

Redevelopment 

 4.	  Bonus and incentive zoning
 5.	  Clearing and grading requirements
 6.	  Forest conservation regulations
 7.	  Open space design
 8.	  Overlay zoning
 9.	  Performance-based zoning
10.  Storm water credits
11.  Stream buffer ordinances

C. Maintain Existing Forest 
Canopy

12.  Protection of significant trees
13.  Tree removal restrictions for developed 

areas

Enhance D. Enhance Forest Fragments

14.  Increase forest area where possible
15.  Increase habitat diversity
16.  Manage deer
17.  Protect soils from erosion and compaction
18.  Provide food, cover, and nesting sites for  

wildlife
19.  Reduce or eliminate invasive species
20.  Remove trash and prevent dumping

Reforest

E. Plant Trees During 
Development and 

Redevelopment

21.  Landscaping requirements
22.  Planting trees in storm water treatment 

practices
23.  Planting trees in other open areas
24.  Shading and canopy requirements

F. Reforest Public Land
25.  Allow natural regeneration
26.  Actively reforest public lands

G. Reforest Private Land
27.  Education
28.  Incentives for tree planting
29.  Stewardship and neighborhood action

Chapter 3: Techniques
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Techniques for Protecting Forests

Different techniques are used to protect existing forests.  Generally, these fall into three categories 
depending on the stage of development. Techniques related to Objective A, Protect Priority Forests, 
focus on techniques to protect large tracts of forest that are currently undeveloped.  Techniques related 
to Objective B, Prevent Forest Loss During Development and Redevelopment, focus on limiting the 
clearing of forests during the actual construction process.  Techniques related to Objective C, Maintain 
Existing Forest Canopy, include techniques that prevent landowners from clearing forests on land that 
has already been developed. Most techniques are regulatory tools that local governments can adopt to 
protect forests during each stage of development.  One exception is the urban forestry management 
plan, which is described in Box 17.  

7KLV�VHFWLRQ�EULHÀ\�GHVFULEHV�HDFK�WHFKQLTXH�DQG�LQFOXGHV�UHOHYDQW�OLQNV�WR�PRGHO�UHJXODWLRQV��H[DPSOH�
ordinances (see Box 18), and comprehensive references.  Additional information about many of these 
techniques can be found in ELI (2000), Palone and Todd (1998), Georgia Forestry Commission (2001), 
and Wenger and Fowler (2000). 

BOX 17. URBAN fORESTRy MANAGEMENT pLANS

Urban forestry management plans are comprehensive plans for managing the urban forest 
within a particular jurisdiction.  These plans can be used to set goals for forest canopy cover, 
conduct tree inventories, make recommendations for new tree plantings, provide species lists, 
and outline methods for managing the urban forest.  While these plans may not be regulatory 
per se, they are similar to comprehensive plans in that they provide the framework upon 
which specific ordinances and other regulations may be built. The City of Roanoke, Virginia 
has an Urban Forestry Plan that contains many of these elements and is a good example of 
comprehensive urban forest management. This plan is available online at  
www.roanokegov.com/WebMgmt/ywbase61b.nsf/vwContentFrame/N254GHSJ053LWODEN.

BOX 18. A NOTE ABOUT ORDINANCES

When developing a forestry ordinance, it is always important to ensure that the language 
clearly defines the following factors: the purpose of the ordinance, who is subject to it, 
penalties for violation, who is responsible for enforcement of penalties, and allowable 
enforcement actions.  General guidance on how to design tree-related ordinances or evaluate 
existing ordinances is provided in the following references:

•	 International Society of Arboriculture Guidelines for Developing and Evaluating Tree 
Ordinances:  
http://phytosphere.com/treeord/index.htm

•	 International Society of Arboriculture. 1990. Municipal Tree Manual. Urbana, IL 
     Comprehensive guide to drafting and revising a municipal tree planting and care ordinance.   
     Discusses management standards and includes sample ordinances.

•	 Urban Forestry South Urban Tree Ordinance Index:   
      www.urbanforestrysouth.org/ordinances/index.asp

•	 TREEORD Software: www.mnstac.org/RFC/treeord_software.htm

•   McElfish, J. M., Jr., 2004. Nature-Friendly Ordinances. Environmental Law Institute.
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Protecting Priority Forests 
Large tracts of high quality forest or those potentially valuable to watershed functions can be protected 
from future development through conservation easements, land acquisition, or transfer of development 
rights. 

	
1. Conservation easements
Conservation easements are conveyances of development rights from a property’s landowner to a 
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construction, such as mechanical injury to roots, trunks, or branches; compaction of soil; or changes to 
existing grade that may expose or suffocate roots.  

To ensure long-term protection of trees, forest conservation and protection regulations may require 
permits for removal, encroachment, or pruning of trees.  They may also require posting of signs to 
inform residents of the tree protection areas and should include enforceable penalties for encroachment 
on tree protection areas. 

•	 American National Standards Institute Tree Protection Standards:  
http://ZHEVWRUH�DQVL�RUJ�DQVLGRFVWRUH�GHSW�DVS"GHSWBLG �0

•	 Frederick County, MD, Forest Conservation Ordinance: 
ZZZ�VWRUPZDWHUFHQWHU�QHW�0RGHO���2UGLQDQFHV�EXIIHUBPRGHOBRUGLQDQFH�KWm

•	 Maryland Forest Conservation Act: www.dnr.state.md.us/forests/programs/urban/explained.
html

•	 City of Pasadena, CA, Tree Protection Guidelines: 
www.ci.pasadena.ca.us/publicworks/PNR/TreeOrdinance/protectionGuidelines.asp

•	 International Society of Arboriculture. Avoiding Tree Damage During Construction:  
www.isa-arbor.com/consumer/avoiding.html

•	 Minnesota Department of Natural Resources. Conserving Wooded Areas in Developing 
Communities: Best Management Practices in Minnesota: 
http://¿OHV�GQU�VWDWH�PQ�XV�IRUHVWU\�XUEDQ�EPSV�SGf

•	 Tree Protection Ordinance for Chapel Hill, NC: 
http://ourworld.compuserve.com/homepages/DoanePerry/ChapelHillNC.htm.

Figure 15. Sign posted at construction site informs workers of forest protection area.

Chapter 3: Techniques
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7. Open space design
Open space design is a compact form of development that concentrates density on one portion of the 
site in exchange for reduced density elsewhere.  Open space design allows for the preservation of 
forests, using less space for streets, sidewalks, parking lots, and driveways (Figure 16).  Requirements 
in an open space design ordinance generally set aside a percentage of the site for active or passive open 
VSDFH�DUHD��H�J���EDOO¿HOGV�RU�WUDLOV����0LQLPXP�ORW�VL]HV��VHWEDFNV��DQG�IURQWDJH�GLVWDQFHV�DUH�UHOD[HG�
to provide this common open space. Open space regulations can protect existing forests, provided the 
regulations identify allowable types of vegetation, minimum area, native species, allowable uses, and 
maintenance responsibilities.  An open space design ordinance should also specify that the open space 
be maintained in a natural condition.

•	 Stormwater Manager’s Resource Center. Open Space Design Model Ordinance: 
ZZZ�VWRUPZDWHUFHQWHU�QHW�0RGHO���2UGLQDQFHV�RSHQBVSDFHBPRGHOBRUGLQDQFH�KWm.

Figure 16. This 
open space design 
contains areas of 
preserved forest
(Source: 
Randall Arendt)

8. Overlay zoning
Overlay zoning superimposes additional regulatory standards or development criteria onto existing 
zoning provisions. Overlay zones can be created to protect particular resources, such as forests, 
wetlands, or historic sites. The provisions of the overlay zone incorporate mandatory requirements 
that restrict development in some way to reach the desired level of forest conservation or other goal. 
This land use management technique gives a community legal control without having to purchase land 
�&:3������E��3DORQH�DQG�7RGG��������0F(O¿VK��������

9. Performance-based zoning
Performance-based zoning is designed to ensure an acceptable level of performance within a given 
zoning district, such as providing a certain open space/development ratio, an impervious area target, 
or a desirable density. Performance factors include storm water runoff quality and quantity criteria, 
SURWHFWLRQ�RI�ZLOGOLIH�DQG�YHJHWDWLRQ��RU�WUDI¿F�DQG�QRLVH�JHQHUDWLRQ�OLPLWV��7KH�GHYHORSHU�LV�JLYHQ�
ÀH[LELOLW\�DQG�FRQWURO�RYHU�GHYHORSPHQW�DV�ORQJ�DV�WKHVH�FULWHULD�DUH�PHW��&:3������D��3DORQH�DQG�
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7RGG���������3HUIRUPDQFH�EDVHG�]RQLQJ�FDQ�EH�XVHG�WR�SURWHFW�D�VSHFL¿HG�SHUFHQWDJH�RI�IRUHVWHG�ODQG��
)RU�PRUH�LQIRUPDWLRQ�RQ�SHUIRUPDQFH�EDVHG�]RQLQJ��VHH�0F(O¿VK��������

10. Storm water credits
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5HFRJQL]LQJ�WKDW�WUHHV�UHGXFH�UXQRII�DQG�SURYLGH�RWKHU�ZDWHUVKHG�EHQH¿WV��WKH�&RXQFLO�RI�WKH�&LW\�
of Takoma Park, MD, has instituted tree removal regulations. The Takoma Park ordinance requires a 
permit to remove “urban forest trees,” and requires residents to replace any urban forest tree removed or 
excessively damaged.  This ordinance also requires the replacement of trees that were initially recorded 
as trees to protect during construction but were subsequently damaged or cut down. All replacement 
trees must be equal or superior to the original tree with respect to species quality, shade potential, and 
other characteristics, and it must be from nursery stock with a 1-year guarantee.  Enforcement is an 
important factor to consider when implementing tree removal restrictions.

•	 City of Takoma Park, MD, Tree Ordinance: www.207.176.67.2/pw/treeordinance.html.

Techniques for Enhancing Remaining Forest Fragments

While regulatory tools can prevent a forest from being cleared, enhancement may still be needed to 
improve its value for wildlife (provide food, water, cover, and nesting sites), improve tree growth 
and canopy condition, and guarantee the long-term perpetuation of forest vegetation.  Urban forest 
fragments present many opportunities to restore the condition and function of an urban forest. 
Enhancement techniques increase and improve wildlife habitat and improve conditions for tree growth 
to ensure long-term sustainability of the forest.  This section summarizes techniques for restoring and 
enhancing forest fragments and includes links to relevant resources.  Much of the information in this 
section was adapted from Hanssen (2003) and Adams (1994).
 
Existing urban forest fragments on protected lands in the watershed can be enhanced by expanding 
the forest area, increasing habitat diversity, managing deer, providing food, cover and nesting sites for 
wildlife, reducing or eliminating invasive species, protecting soils from erosion and compaction, and by 
removing trash and preventing dumping. 

Figure 18. Example 
of forest with good 
habitat diversity and 
vertical structure
(Adapted from Head 
and others, 2001, 
p. 41)

Chapter 3: Techniques
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14. Increase forest area where possible
Forest area can be increased incrementally over time by strategically reforesting areas around remnants 
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Woody debris and leaf litter also provide unique habitat features within a natural forest, but may be 
eliminated in urban forest fragments because landowners wish to “clean up” the debris. A simple 
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Deer browse primarily on woody plants, so a large deer population can essentially deplete the forest 
of native understory or midstory vegetation. An overbrowsed forest may have a characteristic browse 
line about 4 to 5 feet high, under which no green leaves are present (evident only during the growing 
season) or may have all unprotected understory vegetation removed. (Figure 21). Several methods 
exist to control deer populations and manage their impacts on forests, including hunting, sterilization, 
fencing, and other barriers and repellents

•	 Deer in Maryland: www.dnr.state.md.us/wildlife/deerhunting.asp

•	 Montgomery County Deer Management Work Group 2004. Comprehensive Management Plan 
for White-Tailed Deer in Montgomery County, Maryland: Goals, Objectives, Implementation. 
Silver Spring, MD. 
www.mc-mncppc.org/Environment/deer/DEERPLAN%20update%208-2004.pdf.

17. Protect soils from erosion and compaction
Forest soils can be protected from erosion and compaction by restricting access and use. One example 
is to limit access to designated trails only and to restrict ATV use entirely. Trails should be designed 
properly to prevent erosion, and special care must be taken in areas with steep terrain. For more 
information on trail design, see TCF (1993). Another way to improve forest soils is to ensure that the 
leaf litter layer is not disturbed.  Leaf litter contains organic matter that improves water retention and 
LQ¿OWUDWLRQ���)LQDOO\��VLJQL¿FDQW�LQSXWV�RI�VWRUP�ZDWHU�WR�WKH�IRUHVW�IUDJPHQW�VKRXOG�EH�PDQDJHG�WR�
SUHYHQW�HURVLRQ�IURP�KLJK�ÀRZV��

18. Provide food, cover, and nesting sites for wildlife
To encourage desirable wildlife in the urban forest, such as woodpeckers, wood ducks, owls, bluebirds, 
chipmunks, and foxes, adequate food, cover, and nesting sites must be present.  Plant species that 
SURYLGH�IRRG��FRYHU��RU�KDELWDW�IRU�VSHFL¿F�ZLOGOLIH�VSHFLHV�FDQ�EH�SODQWHG��RU�DUWL¿FLDO�VWUXFWXUHV�WKDW�
provide cover or nesting sites can be created. These include mast species, brush piles, evergreens, snags 
and cavity trees, and nesting structures.

Mast species are tree species that produce fruits, nuts, seeds, and other sources of food for wildlife. A 
healthy forest should have a continuous 
supply of 40- to 80-year-old healthy 
mast-producing species (Hanssen, 2003). 
Examples of mast species are oak, cherry, 
hickory, beech, and walnut. Many other 
native plants provide food or habitat for 
VSHFL¿F�ZLOGOLIH�VSHFLHV��DQG�WKHVH�VKRXOG�
ildl
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20. Remove trash and prevent dumping
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be reforested, provided some measures are taken to ensure long-term protection of the land from 
development. Public parks also afford a measure of long-term protection to the newly planted forest. 

25. Allowing natural regeneration
Natural regeneration is a passive method of reforesting a site that entails restricting mowing by posting 
signs or installing fencing to restrict access and allowing trees to regenerate naturally.  This method 
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Chapter 4:	 Planting Guidelines for Priority 
Reforestation Sites

This chapter provides detailed guidelines for planting trees on these priority reforestation sites in a 
watershed: 

1.	 Highway rights-of-way

2.	 Residential lawns

3.	 Parks

4.	 School grounds

5.	 Storm water dry ponds

6.	 Streams and shorelines

7.	 Utility corridors

8.	 Vacant lots. 

The guidance is presented in a series of fact sheets that describe the basic reforestation concept and 
address the following topics: 

Pre-Planting Considerations

攼稹昭映晡捴⁳桥印散牥獴卦汥挠㐱㙲敳猠瑨敵样砠瑨煡污楮朠瑯灯㡭㹣景牳瑧⁴潥渠挠 
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Planting Trees in Highway Rights-of-Way

Description Larger highways often have fairly large parcels of unused land in the form of 
cloverleafs and diamonds near interchanges, median strips, and buffers.  These 
rights-of-way can be ideal locations for reforestation because they generally 
serve no other purpose.   

Planting trees along highways can reduce air pollution and stormwater runoff, 
provide habitat for wildlife such as birds, reduce air temperatures, stabilize the 
soil, provide a visual screen and buffer from noise and highway fumes, and 
create a visually pleasing environment for the highway driver. 

Pre-Planting 
Considerations

	 Do highway planting guidelines prohibit or restrict trees?
	 +RZ�GR�,�DGGUHVV�SRWHQWLDO�FRQÀLFWV�EHWZHHQ�WUHHV�DQG�XWLOLWLHV"
	 Do I need to use different methods for planting trees on steep slopes?
	 How do I address potential damage to trees from deer?
	 How do I provide unobstructed vehicle recovery areas, clear lines of  
              sight, safe travel surfaces, and access to maintenance structures?
	 Can I make the area more attractive with plantings?
	 +RZ�GR�,�DGGUHVV�VRLO�FRQGLWLRQV�VXFK�DV�VHYHUH�FRPSDFWLRQ�RU�¿OO������ 
             soils?
	 How do I manage invasive plants?
	 How do I address illegal dumping?
	 How do I address exposure of trees to auto emissions, polluted runoff,  
             wind, and drought?

Species 
Selection

Selecting appropriate tree species is key because it can address most 
VLWH�FRQGLWLRQV�DQG�LV�RIWHQ�PRUH�HI¿FLHQW�WKDQ�WU\LQJ�WR�FKDQJH�WKH�VLWH�
characteristics.  Select a diverse mix of hardy, native species that are adapted to 
soils and site conditions.
Other desirable species characteristics include the following:
	 Tolerates urban stormwater pollutants (oil and grease, metals, chloride)
	 Tolerates air pollution
	 Tolerates poor, highly compacted soils
	 Tolerates drought (rainfall may be the only source of water)
	 Tolerates inundation (if used for stormwater treatment)
	 Provides food, cover, or nesting sites for wildlife
	
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Specific 
Planting 
Guidance

Highway 
Cloverleaves

Provide a setback of 30 to 50 feet between tree planting areas 
and the edge of pavement, and plant trees or allow natural 
regeneration in the center of the cloverleaf. The setback ensures 
adequate sight lines, allows for vehicle recovery and prevents 
tree branches in roadways (NC DOT, no date).

Highway 
Buffers

Provide a setback between tree planting areas and the edge of 
SDYHPHQW�RI�������IHHW�IRU�ÀDW�DUHDV��RU�VORSHV�RI�����RU�OHVV��
and 17 feet for slopes of 3:1 or steeper (MD SHA, 2000).  This 
setback generally restricts trees in the area between the edge of 
the pavement and the toe of the slope (swale) to allow adequate 
sight lines and vehicle recovery and to prevent tree branches in 
roadways.  Create a gradual transition from grasses to trees on 
cut slopes.

Highway 
Medians

Medians greater than 25 feet wide can support two rows of 
trees spaced 20-40 feet apart (GFC, 2002). Provide adequate 
setbacks to keep utilities clear (if present) and to prevent 
downed trees or limbs in the roadway.  Consider planting large 
shrubs in median strips if utilities are an issue or if space is 
limited.

Maintenance 	 Plan for minimal maintenance of trees (watering may 
not be feasible)

	 Use mulch to retain moisture. Do not mulch deeper 
than 3 inches or build up mulch around trunks.

	 Mow setback zones and remove any fallen trees or 
limbs

	 Manage height of volunteer trees to prevent falling 
during storms

	 Monitor and control invasive species

	 Use integrated pest management to control insects.

Chapter 4: Planting Guidelines
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Figure 26. Planting trees in highway rights-of-way  
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Planting Trees on Residential Lawns

Description Residential lawns are ideal tree planting locations, particularly in former 
agricultural areas where few trees exist.  Planting trees on home lawns can 
VLJQL¿FDQWO\�LQFUHDVH�WKH�RYHUDOO�WUHH�FRYHU�LQ�WKH�ZDWHUVKHG�VLQFH�UHVLGHQWLDO�
lawns typically constitute a large portion of the plantable area.  The key is to 
HGXFDWH�KRPHRZQHUV�DERXW�WKH�EHQH¿WV�RI�WUHHV�DQG�SURYLGH�LQFHQWLYHV�DQG�
assistance with tree planting and care so that the number of trees planted is 
VLJQL¿FDQW��

7UHHV�RQ�UHVLGHQWLDO�ODZQV�SURYLGH�PDQ\�EHQH¿WV��LQFOXGLQJ�HQHUJ\�FRVW�
savings, shade, habitat for wildlife, esthetic value, privacy, and reduction of 
stormwater runoff.  Trees planted next to buildings can reduce summer air 
conditioning costs by 40% (Akbari and others, 1992).

Pre-Planting 
Considerations          

	 +RZ�FDQ�,�LPSURYH�WKH�HQHUJ\�HI¿FLHQF\�RI�P\�KRPH�ZLWK�WUHH� 
              plantings?
	 How can I integrate trees with open turf areas?



69

Site 
Preparation

	 5HPRYH�LQYDVLYH�SODQWV�VXFK�DV�PXOWLÀRUD�URVH��PD\�LQFOXGH�PRZLQJ�� 



Urban Watershed Forestry Manual - Part 1

70

Further 
Resources

Akbari, H., Davis, S., Dorsano, S., Huang, J. and S. Winnett. 1992. Cooling Our 
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Figure 28. Planting trees on residential lawns 
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Planting Trees in Parks

Description Parks provide ideal locations for reforestation since they often have large 
XQGHUXWLOL]HG�RSHQ�DUHDV�IRU�SODQWLQJ�WUHHV�DQG�DUH�SXEOLFO\�RZQHG���%HQH¿WV�
of planting trees in parks include wildlife habitat, shading, soil stabilization, 
reduced storm water runoff, and improved recreational opportunities, quality of 
life, and air quality.

Pre-Planting 
Considerations

	 How do I address concerns about vandalism, safety, liability, and  
              visibility?
	 +RZ�GR�,�LQWHJUDWH�WUHHV�ZLWK�UHFUHDWLRQDO�XVHV��VXFK�DV�EDOO¿HOGV�DQG� 
             trails?
	 How do I prevent soils in the planting area from being compacted by  
�������������IRRW��WUDI¿F"
	 Can I make the area more attractive with plantings?
	 Is there an opportunity to create habitat for wildlife?
	 How do I address illegal dumping?
	 How do I manage invasive plants?
	 How do I address potential damage to trees from deer?
	 +RZ�GR�,�DGGUHVV�SRWHQWLDO�FRQÀLFWV�EHWZHHQ�WUHHV�DQG�VWUHHW�OLJKWV�� 
             utilities, and pavement?
	 How do I prevent damage to trees from lawnmowers?

Species 
Selection

Selecting appropriate tree species is key because it can address most 
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Figure 29. Planting trees in parks 
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Planting Trees on School Grounds

Description Schools provide ideal locations for reforestation since they are publicly owned 
DQG�RIWHQ�KDYH�ODUJH�XQGHUXWLOL]HG�RSHQ�DUHDV�IRU�SODQWLQJ�WUHHV���%HQH¿WV�
of planting trees on school grounds include wildlife habitat, shading, soil 
stabilization, improved recreational opportunities and quality of life, educational 
opportunities, improved air quality, and reduced stormwater runoff.

Pre-Planting 
Considerations

	 How do I address concerns about vandalism, safety, liability and  

derat
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Site 
Preparation

	 Clean up trash or other illegally dumped material
	 5HPRYH�LQYDVLYH�SODQWV�VXFK�DV�PXOWLÀRUD�URVH��PD\�LQFOXGH�PRZLQJ�� 
             cutting, or stump treatment)
	 Improve soil drainage if needed (e.g., amend with compost, mix soils to a  
             depth of 6 to 18 inches).

General 
Planting 
Guidance

	 Trees can be incorporated when developing landscaping plans for new  
             schools. Select planting areas that are adjacent to existing forest or other  
             natural areas or protect natural features such as streams. 
	 3ODQW�WR�SURYLGH�VKDGH�DURXQG�EOHDFKHUV�DQG�EDOO¿HOGV��)LJXUH������8VH� 
             trees to create screen and boundaries between different areas.
	 Plant street trees or specimen trees around the perimeter of the site at  
             spacing of 30 to 45 feet on center to allow mowing in between for  
             invasive control.
	 Cluster trees to provide shared rooting space and an even canopy, using  
             species that grow at about the same rate so they don’t shade each other  
             out. Do not include turf in tree clusters.  Instead, use mulch rings and  
             mow around the clusters.
	 Post signs to identify intentional plantings
	 8VH�VPDOO�SODQW�PDWHULDOV��H�J���VHHGOLQJV��ZKLSV��ZKHUH�IRRW�WUDI¿F�LV�QRW� 
             an issue and larger stock elsewhere. Mix stock where both understory and  
             canopy trees will be planted (e.g., use small understory stock and large  
             canopy stock), or in tree clusters to protect seedlings (e.g., plant large  
             stock around perimeter and seedlings in center).
	 Where potential liability from tree climbing is a concern, prune mature  
             trees to the shoulder height of an adult and plant low shrubs or ground  
             cover at tree base.
	 Plant only low growing herbaceous vegetation in areas where visibility is  
             important for safety reasons or limb trees up to 8 feet in these areas to  
             maintain visibility. 
	 3ODQW�WUHHV�ZKHUH�WUDI¿F�LV�PLQLPDO��VXFK�DV�DORQJ�IHQFHOLQHV��3URWHFW� 
             trees and their critical root zone (generally a 25-foot radius) from foot  
�������������WUDI¿F��VRLO�FRPSDFWLRQ��E\�XVLQJ�UHF\FOHG�UXEEHU�RU�E\�GLUHFWLQJ�IRRW� 
�������������WUDI¿F�WR�FHUWDLQ�DUHDV�XVLQJ�ORZ�PHWDO�IHQFHV��FXUEV��SRVWV�DQG�FKDLQV��RU� 
             porous pavers (Patterson, 1995)
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Maintenance 	 Plan for low maintenance of trees (frequent watering may not be feasible)
	 Use mulch to retain moisture and protect trees from mowers and foot  
�������������WUDI¿F��'R�QRW�PXOFK�GHHSHU�WKDQ���LQFKHV�RU�EXLOG�XS�PXOFK�DURXQG�WUHH� 
             trunks.
	 Mow around tree clusters, in setback areas, and other areas to maintain  
             access, safety, and visibility
	 Monitor and control invasive plants
	 Prune trees where necessary to maintain visibility and safety.

Potential for 
Stormwater 
Treatment

Trees planted at schools may be used to provide treatment of stormwater runoff 
since school grounds often have large open areas available for stormwater 
treatment practices. Depending on available space, site conditions, and runoff 
volume, the following types of practices may be used: stormwater wetlands, 
ELRUHWHQWLRQ�DQG�ELRLQ¿OWUDWLRQ��VZDOHV��DQG�¿OWHU�VWULSV��7UHHV�FDQ�EH�LQFRUSRUDWHG�
into all of these treatment practices, and design guidance for each is provided in 
Part 2 of this manual series.  Safety concerns may limit the use of stormwater 
wetlands or other practices with standing  or deep water.

Further 
Resources

Martin, D., D. Lucas, S. Titman and S. Hayward. 1996. The Challenge of the 
Urban School Site.  Green Brick Road. 800-471-3638. $27 Cdn.

Maryland State Department of Education. 1999. Conserving and Enhancing 
the Natural Environment: A Guide for Planning, Design, Construction, and 
Maintenance on New and Existing School Sites. Baltimore, MD.

National Wildlife Federation (NWF). 2001. Schoolyard Habitats: A How To 
Guide for K-12 School Communities. www./nwf.org/bookstore

Northeastern Illinois Planning Commission (NIPC). 1997. Natural Landscaping 
for Public Officials. Chicago, IL.

U.S. Fish and Wildlife Service (USFWS). Schoolyard Habitat Program. 
Online: www.fws.gov/r5cbfo/schoolyd.htm
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Figure 30. Planting trees on school grounds
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Planting Trees in Stormwater Treatment Dry Ponds

Description In urban areas, lands devoted to treating urban stormwater runoff and septic 
HIÀXHQW�FDQ�FRPSULVH�XS�WR����RI�WKH�WRWDO�ODQG�DUHD�LQ�WKH�ZDWHUVKHG��&:3��
2000b).  Stormwater dry ponds are one such type of land and are typically 
maintained as turf. Planting trees in existing dry ponds increases their esthetic 
value in the community (particularly if they are highly visible) and may 
increase pollutant removal.  Few engineering constraints exist with planting 
trees in dry ponds as they may be planted anywhere within the practice.

Pre-Planting 
Considerations

	 Can I make the pond more attractive with plantings?
	 How do I prevent damage to trees from lawnmowers?
	 How do I manage invasive plants?
	 How do I address potential damage to trees from deer?
	 How do I address soil conditions such as severe compaction and  
�������������ÀXFWXDWLRQV�LQ�VRLO�PRLVWXUH"

Species 
Selection

Selecting appropriate tree species is key because it can address most 
VLWH�FRQGLWLRQV�DQG�LV�RIWHQ�PRUH�HI¿FLHQW�WKDQ�WU\LQJ�WR�FKDQJH�WKH�VLWH�
characteristics.  Select a diverse mix of hardy, native species that are adapted to 
soils and site conditions.
Other desirable species characteristics include the following:
	 Tolerates drought
	 Tolerates inundation
	 Tolerates urban pollutants (sediment, nutrients, metals, bacteria,  
             pesticides)
	 Tolerates poor or compacted soils
	 +DV�IDOO�FRORU��VSULQJ�ÀRZHUV��RU�RWKHU�HVWKHWLF�EHQH¿W�

Site 
Preparation

	 5HPRYH�LQYDVLYH�SODQWV�VXFK�DV�PXOWLÀRUD�URVH��PD\�LQFOXGH�PRZLQJ� 
             or cutting)
	 Improve soil drainage if needed (e.g., amend with compost, mix soils  
             to a depth of 6 to 18 inches).
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General 
Planting 
Guidance

	 Plant trees in groups to provide shared rooting space and allow mowing  
             around trees to control invasive species
	 8VH�JURXSLQJV�RI�VSHFLHV�WKDW�SURYLGH�IDOO�FRORU��ÀRZHUV��HYHUJUHHQ� 
             leaves, and varying heights to create an esthetically pleasing landscape  
             (Figure 31)
	 When planting on pond side slopes, create small earthen berms around  
             trees to help retain moisture. 
	 Where soils are compacted and amendments are not possible, provide  
             adequate soil volume in planting hole.

Maintenance 	 Plan for little maintenance of trees (regular watering may not be feasible)
	 Mow around tree clusters to control invasive plants. Do not mulch deeper  
             than 3 inches or build up mulch around trunks.
	 Use mulch to retain moisture

Potential for 
Stormwater 
Treatment

A dry extended detention pond provides treatment of stormwater primarily 
through settling. After storms, stored runoff is gradually released over a period 
RI���WR���GD\V��DOORZLQJ�DQ�RSSRUWXQLW\�IRU�SROOXWDQWV�WR�VHWWOH�RXW�WR�WKH�ÀRRU�RI�
the pond. Trees may increase the pollutant removal ability of a dry pond through 
nutrient uptake.

Further 
Resources

Shaw, D. and R. Schmidt. 2003. Plants for Stormwater Design. Minnesota 
Pollution Control Agency. Saint Paul, MN.
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Figure 31. Planting trees in storm water treatment dry ponds 
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Planting Trees Along Streams and Shorelines

Description 7UHHV�SODQWHG�DORQJ�VWUHDPV�DQG�VKRUHOLQHV�SURYLGH�PDQ\�EHQH¿WV��LQFOXGLQJ�
regulation of stream temperature, stabilization of streambanks, enhancement 
of habitat for both aquatic and terrestrial species, and pollutant removal.  The 
urban stream corridor is an ideal place for reforestation because of these many 
EHQH¿WV��DQG�EHFDXVH�LW�RIWHQ�LQFOXGHV�ODQG�WKDW�FDQQRW�RWKHUZLVH�EH�GHYHORSHG�
GXH�WR�LWV�ORFDWLRQ�ZLWKLQ�WKH�ÀRRGSODLQ�RU�LQFOXVLRQ�RI�VWHHS�UDYLQHV��7KUHH�
typical urban stream corridor scenarios and related reforestation goals are 
described below. 

Natural forested stream buffer Provides habitat for wildlife, stream 
shading, pollutant removal, large 
woody debris, leaf litter, bank 
stabilization

Landscaped buffer (residential 
backyards, parks, and other managed 
spaces)

Provides access to stream, passive 
recreation and water views for 
residents and park users, stream 
shading and bank stabilization, some 
pollutant removal

+LJKO\�PRGL¿HG�EXIIHU��XOWUD�XUEDQ�
channelized stream)

3URYLGHV�EHDXWL¿FDWLRQ�RSSRUWXQLWLHV�
even though the forestable area may 
be limited. Daylighting or removal of 
impervious cover may increase tree 
planting opportunities.

Pre-Planting 
Considerations

	 'R�ÀRRGZD\�UHJXODWLRQV�SURKLELW�WUHHV"
	 How do I manage invasive plants?
	 How do I address potential damage to trees from deer?
	 +RZ�GR�,�DGGUHVV�SRWHQWLDO�FRQÀLFWV�EHWZHHQ�WUHHV�DQG�XWLOLWLHV"
	 Do I need to use different methods for planting trees on steep slopes?
	 How do I address illegal dumping?
	 Is there an opportunity to create habitat for wildlife?
	 How do I address concerns about safety, nuisance rodents, weeds,  
             esthetics, and wildlife?
	 +RZ�GR�,�DGGUHVV�XUEDQ�VWUHDP�LPSDFWV��VXFK�DV�ORZHUHG�EDVHÀRZ"
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Species 
Selection

Selecting appropriate tree species is key because it can address most 
VLWH�FRQGLWLRQV�DQG�LV�RIWHQ�PRUH�HI¿FLHQW�WKDQ�WU\LQJ�WR�FKDQJH�WKH�VLWH�
characteristics.  Select a diverse mix of hardy, native species that are adapted to 
soils and site conditions.
Use large trees for small streams with shallow banks, and shrubs or small trees to 
SURYLGH�VWDELOLW\�IRU�VWHHS�EDQNV�RU�ODUJHU�VWUHDPV�ZLWK�KLJK�ÀRZV��0L[�FDQRS\�
and understory species to create vertical structure. Other desirable species 
characteristics include the following:
	 Tolerates inundation (although upland species may do well where the   
             riparian zone is drying out)
	 Wide, spreading canopy
	 Provides food, cover, or nesting sites for wildlife.

Site 
Preparation

	 Remove any trash or other illegally dumped material
	 5HPRYH�LQYDVLYH�SODQWV�VXFK�DV�PXOWLÀRUD�URVH��PD\�LQFOXGH�PRZLQJ�� 
             cutting, or spraying with aquatic-use herbicide)
	 Improve soil drainage if needed (e.g., amend with compost, mix soils to a  
             depth of 6 to 18 inches).

General 
Planting 
Guidance

	 Use three-zone buffer design (Welsch, 1991) with the following zones:  
             streamside, middle, and outer. Each zone should have different vegetative  
             targets, widths, and allowable uses that are progressively more restrictive  
             as you move towards the stream (Figure 32).
	 Focus on providing a forested strip immediately adjacent to the stream if  
             land use limits reforestation of the entire site (Figure 33)
	 Select a mix of stock so trees do not all die at the same time. Use larger  
             trees next to the stream and seedlings elsewhere. Bare root stock may be  
             easier for volunteers to plant and require less water.
	 5DQGRP�VSDFLQJ�LV�SUHIHUUHG�EXW�FDQ�PDNH�VXUYLYDO�FRXQWV�GLI¿FXOW
	 If mowing between trees is necessary, provide enough space for mowers  
             to avoid damaging trees.

Maintenance 	 Design for little or no maintenance (watering may not be feasible)
	 Use mulch to retain moisture. Do not mulch deeper than 3 inches or build up  
             mulch around trunks.
	 Use tree shelters to protect seedlings from deer
	 Continually monitor for and remove invasive species (mowing in between  
             trees may be necessary).
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Potential for 
Stormwater 
Treatment

If stormwater runoff crosses the stream buffer in a pipe, potential for stormwater 
treatment is low.  Runoff from adjacent land uses may be directed to the buffer as 
VKHHWÀRZ�IRU�VWRUPZDWHU�WUHDWPHQW���/LQHDU�VWRUPZDWHU�WUHDWPHQW�SUDFWLFHV�VXFK�
DV�¿OWHU�VWULSV�DQG�ELRUHWHQWLRQ�PD\�ZRUN�EHVW�KHUH��DOWKRXJK�GHSHQGLQJ�RQ�VSDFH�
available, stormwater wetlands could also be used. Guidance for incorporating 
trees into these practices is provided in Part 2 of this manual series.

Further 
Resources

Alliance for the Chesapeake Bay (ACB). 2002. Pennsylvania Stream ReLeaf 
Forest Buffer Toolkit. Pennsylvania Department of Environmental Protection, 
Bureau of Watershed Conservation.  
www.dep.state.pa.us/dep/deputate/watermgt/wc/subjects/StreamReLeaf

Native Plants by Region for Riparian Forest Buffers: 
www.rce.rutgers.edu/njriparianforestbuffers/nativeALL.htm

Palone, R. and A. Todd. 1998. Chesapeake Bay Riparian Handbook: A Guide for 
Establishing and Maintaining Riparian Forest Buffers.  USDA Forest Service, 
Northeastern Area State and Private Forestry. 
www.chesapeakebay.net/pubs/subcommittee/nsc/forest/handbook.htm

Schueler, T. 1995. Site Planning for Urban Stream Protection. Center for 
Watershed Protection and the Metropolitan Washington Council of Governments. 

Standard for Riparian Forest Buffer from the New Jersey BMP Manual: 
ZZZ�VWDWH�QM�XV�GHS�ZDWHUVKHGPJW�'2&6�%03B'2&6�FKDSWHU�BUHSDULDQB
buffer.PDF

Welsch, D. 1991. Riparian Forest Buffers – Function and Design for Protection 
and Enhancement of Water Resources. 28 pp. USDA Forest Service NA-PR-07-
91. Radnor, PA. ZZZ�QD�IV�IHG�XV�VSIR�SXEV�QBUHVRXUFHV�EXIIHU�FRYHU�KWm
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Planting Trees in Utility Corridors

Description Utility corridors are linear features that contain power and gas transmission 
lines.  These corridors can be up to 150 feet wide and contain above- and 
below-ground utility lines.  Most utility corridors are privately owned; 
therefore, their reforestation potential will depend on the vegetation 
management policy of the utility company. Planting trees in utility corridors 
can create wildlife habitat corridors, and improves air quality, stabilizes soil, 
reduces runoff, and reduces air temperature.  

Pre-Planting 
Considerations

	 Do I have permission of utility company to plant trees?
	 +RZ�GR�,�DGGUHVV�SRWHQWLDO�FRQÀLFWV�EHWZHHQ�WUHHV�DQG�XWLOLWLHV"
	 How do I manage invasive plants?
	 Is there an opportunity to create habitat for wildlife?
	 How do I address potential damage to trees from deer?
	 How do I provide maintenance access to utility structures and visibility  
�������������IRU�À\�RYHU�LQVSHFWLRQV"
	 How do I address security concerns?

Species 
Selection

Selecting appropriate tree species is key because it can address most 
VLWH�FRQGLWLRQV�DQG�LV�RIWHQ�PRUH�HI¿FLHQW�WKDQ�WU\LQJ�WR�FKDQJH�WKH�VLWH�
characteristics.  Select a diverse mix of hardy, native species that are adapted to 
soils and site conditions. 
Other desirable species characteristics include the following:
	 Is a shrub or small tree less than 10 feet high when mature 
	 Provides food, cover, or nesting sites for desired wildlife
	 Tolerates drought (rainfall may be the only source of water)
	 Tolerates inundation (if used for stormwater treatment)
	 Tolerates urban pollutants and poor soils.

	
Site 
Preparation

	 Clean up trash and other illegally dumped material
	 5HPRYH�LQYDVLYH�RU�XQZDQWHG�SODQWV�VXFK�DV�PXOWLÀRUD�URVH��PD\� 
             include mowing, cutting, or spraying with herbicide approved for  
             aquatic use)
	 Improve soil drainage if needed (e.g., amend with compost, mix soils  
             to a depth of 6 to 18 inches).
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General 
Planting 
Guidance

	 Do not plant trees or shrubs along gas transmission lines since canopy  
             limits ability to inspect lines for leaks. Establish meadow vegetation  
             instead.
	 Promote the growth of low-growing, shrub or scrub plant communities  
             within electric transmission corridors. Do not plant trees greater than 10  
             feet mature height within 75 feet of electric transmission lines (Head and   
             others, 2001). Instead, plant small trees, shrubs, or meadow vegetation  
             (Figure 34). 
	 Create soft edges between the utility corridor and adjacent vegetation by  
             providing a gradual transition from herbaceous vegetation to shrubs to  
             trees as you move away from the power lines. These edges provide a  
             diversity of habitat for wildlife.
	 Provide setbacks from utility structures to provide maintenance access.

Maintenance 	 Plan for minimal maintenance of trees and shrubs (watering may not be  
             feasible)
	 Use mulch to retain moisture. Do not mulch deeper than 3 inches or build  
             up mulch around trunks.
	 Monitor and control invasive plants
	 Use Integrated Vegetation Management (IVM) to maintain low-growing  
             vegetative community (less than 10 feet in height).  This includes  
             mowing, hand removal of vegetation, and selective spraying of individual  
             trees in early growing stage (Genua, 2000). 
	 Where utility corridor crosses the stream, do not mow within 50 feet and  
             use only herbicides approved for aquatic use.

Potential for 
Stormwater 
Treatment

Trees and shrubs planted in utility corridors may be used to provide treatment of 
stormwater runoff from nearby impervious surfaces. Linear stormwater treatment 
SUDFWLFHV�VXFK�DV�VZDOHV��ELRUHWHQWLRQ��DQG�¿OWHU�VWULSV�DUH�PRVW�DSSOLFDEOH�LQ�
a utility corridor. Perhaps the most appropriate use of trees for stormwater 
WUHDWPHQW�LQ�D�XWLOLW\�FRUULGRU�LV�D�¿OWHU�VWULS�LQFRUSRUDWLQJ�PXOWLSOH�YHJHWDWLYH�
zones to provide a gradual transition from herbaceous vegetation to trees. Design 
guidance for these practices is provide in Part 2 of this manual series.
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Further 
Resources

Genua, S. M. 2000. Converting Power Easements into Butterfly Habitats. 
Potomac Electric Power Company (PEPCO). 
Online: ZZZ�EXWWHUÀ\EUHHGHUV�RUJ�SDJHV�SRZHUHDVHBVJ�KWPl

Wildlife Habitat Council. Online: www.wildlifehc.org/spotlight/index.cfm

Figure 34. Planting trees in utility corridors 
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Planting Trees in Vacant Lots

Description Many older urban areas have numerous vacant lots that cumulatively can 
increase watershed forest cover through reforestation. Planting trees in vacant 
lots can also provide much needed community green space for local residents. 
2WKHU�EHQH¿WV�RI�SODQWLQJ�WUHHV�LQ�YDFDQW�ORWV�LQFOXGH�ZLOGOLIH�KDELWDW��VKDGLQJ��
soil stabilization, improved air quality, and reduced stormwater runoff.

Pre-Planting 
Considerations

	 Do I have landowner permission to plant trees?
	 How do I address concerns about vandalism, crime, vagrants, visibility,  
             and safety?
	 Is there an opportunity to create wildlife habitat?
	
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Potential for 
Stormwater 
Treatment

Trees planted in vacant lots may be used to provide treatment of stormwater 
UXQRII�LI�VRLOV�DQG�WKH�ZDWHU�WDEOH�DOORZ��9DFDQW�ORWV�PD\�KDYH�VLJQL¿FDQW�DUHD�
available for stormwater treatment practices, but if soils are highly disturbed and 
poorly drained, or water table is close to surface, treatment may be limited (or 
underdrain may be needed) to prevent soggy basements next door or standing 
water. Depending on available space, site conditions and runoff volume, the 
following types of practices may be used: stormwater wetlands, bioretention and 
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Figure 36. Planting trees in vacant lots--profile

Lighting discourages 
illegal dumping

Unique border defines the space 
and prevents vehicle access for 

dumping
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Appendix A. Effect of Land Cover on Runoff and 
Nutrient Loads in a Watershed

Most urban watersheds are a mosaic of forest, turf, and impervious cover. Traditional monitoring efforts 
have been unable to distinguish the relative contribution of each type of cover to nutrient loading. With 
the advent of source area monitoring, however, it is now possible to estimate how much each cover type 
contributes to nutrient loading in urban watersheds.
 
As noted earlier, forest cover is the highest and best use of land in a watershed, in terms of reducing 
excess nutrient runoff. Forests act as a sink for nutrients and lock them up in live and dead biomass, as 
well as soils. As a result, measured nutrient concentrations in forest runoff are quite low (Table A-1).  
Turf, on the other hand, generates much higher nutrient levels, according to source area monitoring of 
both fertilized and unfertilized lawns. Impervious cover produces intermediate nutrient concentrations 
WKDW�UHÀHFW�WKH�ZDVKRII�RI�QXWULHQWV�GHSRVLWHG�IURP�WKH�DWPRVSKHUH��FDU�H[KDXVW��RU�KRXVHKROG�SHWV�
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GLIIHUHQFH�LV�HYHQ�PRUH�VLJQL¿FDQW�ZKHQ�IRUHVW�FRYHU�LV�FRPSDUHG�ZLWK�LPSHUYLRXV�FRYHU²
over 25 times more nitrogen and phosphorus are lost from impervious cover.  The nutrient 
EHQH¿WV�RI�PDLQWDLQLQJ�IRUHVW�FRYHU��RU�LQFUHDVLQJ�LW�E\�FRQYHUWLQJ�WXUI�WR�IRUHVW��FDQ�EH�
impressive at the watershed scale.  



Appendix B. Sources of GIS Data for Watershed ForestryOne of the most important questions to ask when beginning mapping for small watershed restoration is “What GIS data is available for my watershed?” Typical data you will use for watershed forestry planning are listed in Table B-1.
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NRCS State Soil Geographic Database (STATSGO) 
ZZZ�IWZ�QUFV�XVGD�JRY�VWDWBGDWD�KWPl 
Download soil layers for U.S. states. This layer is most useful for counties with no SSURGO data 
available.

NRCS Soil Survey Geographic Database (SSURGO) 
ZZZ�IWZ�QUFV�XVGD�JRY�VVXUBGDWD�KWPl 
Download soils layers for counties. Not available for all counties.

Space Imaging  
www.spaceimaging.com 
Purchase high-resolution Ikonos satellite imagery. Can be very expensive.

U.S. Bureau of the Census Topologically Integrated Geographic Encoding and Referencing System 
(TIGER) 
www.census.gov/geo/www/tiger/index.html 
'RZQORDG�7,*(5�/LQH�¿OHV�IURP�WKH�\HDU������DQG�HDUOLHU�E\�VWDWH��7KHVH�¿OHV�LQFOXGH�URDGV��
railroads, rivers, lakes, legal boundaries, and census statistical boundaries. Requires special 
conversion tools to use in GIS.

USGS Geographic Data Download 
http://edc.usgs.gov/geodata 
Download the National Hydrography Dataset, 1:24,000 Digital Line Graphs and national scale 
Land Use/Land Cover, Digital Elevation Models, and Digital Line Graphs. Contains information 
on obtaining other USGS map products.

USGS Seamless Data Distribution 
http://seamless.usgs.gov/website/Seamless/  
Download high-resolution orthophotos, National Elevation Dataset, National Land Cover 
Database, and various other layers using interactive map.

USGS Earth Explorer 
http://edcsns17.cr.usgs.gov/EarthExplorer/  
Purchase reasonably priced satellite imagery, aerial photos, Digital Line Graphs, elevation data, 

and Digital Raster Graphics.

Chesapeake Bay Regional and Local Data
Canaan Valley Institute 

http://FDQDDQYL�RUJ�JLV�JLVBOLQNV�DVp 
Contains links to downloadable GIS layers for Maryland, Pennsylvania, West Virginia, and 
Virginia.

Chesapeake Bay Program FTP Site 
ftp://ftp.chesapeakebay.net/pub/Geographic/ 
'RZQORDG�$UF�,QIR�H[SRUW�¿OHV�IRU�WKH�0LG�$WODQWLF��&KHVDSHDNH�%D\��RU�LQGLYLGXDO�VWDWHV��
including hydrography, land cover, political boundaries, transportation and watershed boundaries 
(HUC 8, HUC 11).

B-�
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Chesapeake Bay Program (CBP) Resource Lands Assessment 
www.chesapeakebay.net/rla.htm 
Download Bay-wide GIS data results of CBP model scenarios. Data includes ranking of lands 
by importance to: Prime Farmland, Ecological Network, Water Quality Protection, Forest 
Economics, Cultural Assessment and Vulnerability to Development.

Maryland Department of Natural Resources Geospatial Data 
http://dnrweb.dnr.state.md.us/gis/data/data.asp 
'RZQORDG���PHWHU�'LJLWDO�2UWKRSKRWR�4XDGUDQJOH�4XDUWHUV��'244V���ÀRRGSODLQV��ZHWODQGV��



Appendix C. Methods for Deriving Land Cover 
Coefficients

7KLV�$SSHQGL[�GHVFULEHV�WKH�JHQHUDO�PHWKRGV�WR�GHULYH�ODQG�FRYHU�FRHI¿FLHQWV�IRU�XVH�LQ�WKH�/HDIRXW�
$QDO\VLV��7DEOH�&���SUHVHQWV�LPSHUYLRXV�FRYHU�FRHI¿FLHQWV�IRU�YDULRXV�ODQG�XVHV��IRU�IRXU�XUEDQ�DQG�
suburban counties in the Chesapeake Bay Watershed: James City County, VA, Baltimore County, MD, 
+RZDUG�&RXQW\��0'��DQG�/DQFDVWHU�&RXQW\��3$��&DSSLHOOD�DQG�%URZQ���������7KHVH�FRHI¿FLHQWV�
can be generalized beyond the individual counties in which they were derived, and they are broadly 
transferable to other Chesapeake Bay communities with similar development patterns. 

Table C-1. Impervious Cover Coefficients

Land Use Category Number of Samples Mean Impervious Cover (%)

Agriculture 8 2

Open Urban Land 11 9

2-Acre Lot Residential
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within the Chesapeake Bay Region, as well as the variety of land uses within the study areas.  In 
DGGLWLRQ��WKHUH�ZDV�D�GLUHFW�DWWHPSW�WR�WDUJHW�DQG�GHULYH�LPSHUYLRXV�FRYHU�FRHI¿FLHQWV�IRU�ODQG�XVHV�WKDW�
had little or no previous research associated with it (e.g., open urban land, institutional land).  

Table C-2.  Selected Land Use Categories and Sampling Target
Land Use Description Sample Units
Agriculture Cropland and pasture lands 10

Open Urban Land Developed park land and recreation 
areas, golf courses, and cemeteries 10

Residential

        2-Acre Lots Ranges from 1.70 to 2.30 acres 10

        1-Acre Lots Ranges from 0.75 to 1.25 acres 20

        ½-Acre Lots Ranges from 0.40 to 0.60 acres 20

        ¼-Acre Lots Ranges from 0.20 to 0.30 acres 20

        ⅛-Acre Lots Ranges from 0.10 to 0.16 acres, includes 
duplexes 10

        Townhomes 5-10 units/acre, attached single family 
units that include a lot area 20

        Multifamily
10-20 units/acre, residential 
condominiums and apartments with no 
lot area associated with the units

10

Light Industrial
Developed areas associated with light 
manufacturing, distribution, and 
storage of products

20

Commercial

Areas primarily used for the sale of 
products and services including strip 
malls and central business districts, does 
not include regional malls

20

Institutional
        Churches Churches and other places of worship 10

        Schools Public and private elementary, middle, 
and high schools 10

        Municipal Hospitals, government offices and 
facilities, police and fire stations 10

Total 200

The number of polygons sampled for each land use were chosen based on the frequency and variability 
of land uses or zoning categories.  For example, over 120 sample polygons were needed to characterize 
the range of housing densities within residential zoning.  Given the limited resources available for 
the study, sample targets were kept to 10 or 20 for each land use.  Rigorous statistical analysis was 
conducted to demonstrate that the sample size would still yield information, particularly across certain 
land use types.  Standard statistics of the results, such as the standard error, were used as measures of 
WKH�UHOLDELOLW\�RI�WKH�UHVXOWV���%DVHG�RQ�WKLV�VWXG\�GHVLJQ��EHWZHHQ�WZR�DQG�¿YH�SRO\JRQV�ZHUH�VDPSOHG�
for each land use within each jurisdiction. 
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Step 2.	Delineate Land Use Polygons
The criteria used when selecting land use polygons in the GIS are listed below.

For single family residential polygons:

•	 )RU�UHVLGHQWLDO�ODQG�XVHV��WKH�SDUFHO�ERXQGDU\�LQIRUPDWLRQ�ZDV�XVHG�WR�¿UVW�FODVVLI\�SDUFHOV�
based on acreage (shown in the description in Table C-2). Development patterns that most 
closely matched the land use category (e.g., ¼-acre lots) were selected for sampling. Because 
most subdivisions do not have uniform lot sizes, subdivisions were selected if the majority of 
lots or average lot size met the general criteria for the land use category.  

•	 %HFDXVH�RI�GLI¿FXOW\�LQ�¿QGLQJ�VXEGLYLVLRQV�WKDW�PHW�WKH�DERYH�FULWHULD�IRU�SRO\JRQ�GHOLQHDWLRQ��
no minimum area was set for the polygon size for residential areas.  Instead, it was decided that 
HDFK�UHVLGHQWLDO�SRO\JRQ�PXVW�LQFOXGH�D�PLQLPXP�RI�¿YH�ORWV��

•	 Polygons were drawn by following the lot lines of contiguous parcels and excluding areas of 
“unbuildable” land located in the interior of the polygon.  Stream valleys that did not originate 
within the subdivision were excluded from the land use polygons, as were other  “unbuildable” 
ODQGV��VXFK�DV�ÀRRGSODLQV��ZHWODQGV��DQG�FRQVHUYDWLRQ�DUHDV���7KH�EDVLV�EHKLQG�WKLV�UXOH�LV�
that not all development sites include these types of characteristics.  When predicting future 
impervious cover, a planner could estimate the areas based on existing mapping and based on 
local codes and ordinances that determine “unbuildable” acreage.  This acreage could then be 
removed from the total acreage of the planning area. 

For other land use polygons:

•	 Stormwater ponds and open water were not considered to be impervious cover because they 
generally occupy a small area and are not always associated with a single land use.  While 
water surfaces do act as impervious surfaces in a hydrologic sense, they generally do not have 
similar consequences on stream quality, watershed health, or pollutant loading, as do more 
conventional types of impervious cover, such as roads, parking lots, and rooftops.

•	 Minimum lot sizes were set for agriculture (50 acres), commercial (1 acre), industrial (5 acres), 
and multifamily (5 acres) categories.  

Once a development area was selected, generally the following criteria were used to delineate the 
polygons:

•	 Parcel lines were used as guides for drawing the polygon boundaries.
•	 ³8QEXLOGDEOH´�ODQG��VXFK�DV�ÀRRGSODLQV��VWHHS�VORSHV��DQG�FRQVHUYDWLRQ�DUHDV��ZHUH�QRW�LQFOXGHG�

in the polygons.
•	 Subdivision lots that were not built out were not included in the polygons.
•	 Large forested areas located outside parcel boundaries were not included in the polygons.
•	 Local and arterial roads were included in the polygons if the parcels bordering each side of the 

road had the same land use.
•	 If a local or arterial road bordering a parcel had a different land use bordering the other side of 

the road, only half the road was included in the polygon.

C-�
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Other Impervious Surfaces
Orthophotos were used to digitize an impervious cover layer that included tennis courts, garages, and 
other impervious surfaces not included in the buildings, parking lots, roads, driveways, or sidewalks 
layers. This impervious cover layer was included in the processing and calculation of total impervious 
cover.

C-�
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Appendix D. Sources of Data for Forest Cover 
Coefficients

7KH�/HDI�2XW�$QDO\VLV�PHWKRG�GHVFULEHG�LQ�&KDSWHU���UHTXLUHV�WKH�LQSXW�RI�IRUHVW�FRYHU�FRHI¿FLHQWV�WKDW�
represent the fraction of land that is forest for a given land use. Data is currently lacking for forest cover 
FRHI¿FLHQWV��KRZHYHU��LW�FDQ�EH�DVVXPHG�WKDW�WKH�DPRXQW�RI�IRUHVW�FRYHU�IRU�D�JLYHQ�ODQG�XVH�ZLOO�YDU\�
with development intensity, age of development, prior land use, and local forest conservation or natural 
UHVRXUFH�SURWHFWLRQ�UHJXODWLRQV���,Q�7DEOH���LQ�&KDSWHU����WKH�IRUHVW�FRYHU�FRHI¿FLHQWV�SUHVHQWHG�IRU�
the Direct Forest Conservation Scenario were loosely based on the Maryland Forest Conservation Act 
Forest Cover Requirements shown in Table D-1.

Table D-1. Maryland Forest Conservation Act Forest Cover Requirements
(Source: Greenfeld and others, 1991)

Land Use Recommended % Forest Cover

Agricultural and Resource Areas 20-50

Medium Density Residential 20-25

Institutional 15-20

High Density Residential 15-20

Mixed Use and Public UtileGl
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Table D-3. Philadelphia/New Jersey Metro Area CITYgreen Analysis (American Forests, 2003)

Land Use % Tree Cover
Single Family Residential 20
Commercial 2
Multi Family Residential 25
Industrial 6
Transportation 8

Table D-4. Garland, TX, Metro Area CITYgreen Analysis (American Forests, 2000)

Land Use % Forest Cover
Medium Density Residential 26
Low Density Residential 13
High Density Residential 7
Commercial 1
Industrial 4



Appendix E. Blank Worksheet for Leaf-Out Analysis
Leaf-Out Analysis Worksheet For Estimating Future Forest Cover in a Watershed

Section 1.  Future Forest Cover

Current Protected or Developed Forest Cover: acres

All protected or developed forest will remain forested. +

Priority Forest Area Protected acres

See section 2 of this worksheet. Default value is zero. +

Area of Forest Conserved During Development acres

See section 2 of this worksheet./ActualText<FEFF003�>>> BDC 
(�)Tj
EMC 
( of th)Tj
/Spa.ealText<lText<FEFtrhtualText<FEFF00�9>>> BDC 
(�)Tj
EMC 
(on )Tj
/Span<</Ac+e



Urban Watershed Forestry Manual - Part 1

Section 3.  Results Summary

Total Current Forest Cover acres

-

Total Future Forest Cover acres

From Section 1 above. =

Future Forest Loss acres %

E-�
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The most extensive data found on canopy goals included recommendations for canopy cover for 
LQGLYLGXDO�ODQG�XVHV���7KLV�LV�LPSRUWDQW�EHFDXVH�DOWKRXJK�JRDOV�PD\�EH�GH¿QHG�IRU�D�ODUJHU�DUHD�VXFK�
as a watershed or city, the implementation of these goals will often occur at the site level. Table F-3 
summarizes recommended or adopted canopy goals for various zoning categories.

Table F-3. Forest Canopy Goals for Various Zoning Categories

Source

Forest Canopy Goal (% cover)

Residential
Commercial/
Industrial/

Institutional

Streets and 
Rights-of-

Way

Natural Areas 
and Stream 
Corridors

American Forests (2003) 25-50 15 None None

Botetourt County, VA (2002) 15 10 None None

City of Chesapeake, VA (2002) 15-20 10 None None

City of Georgetown, TX (2002) None 10-25 None None

City of Manassas, VA (2002) 15-20 10 None None

City of Suffolk, VA (2002) 10-20 10 None None

Fauquier County, VA (2002) 15 10 None None

Georgia Department of Community 
Affairs (2002)

20 15 None None

Goetz and others (2003) None None None 65

Greenfeld et al. (1991) 15-25 15-20 None 20-50

Head et al (2001) 40-60 0-40 None 70

Jefferson County, KY (2002) 10-20 0-15 None None

Portland, OR, Parks and Recreation 
(2003)

35-40 15 35 30

Prince William County, VA (2002) 10-20 10 None None

Smithfield County, VA (1998) 10-20 10 None None

USDA Forest Service (1993) None None 50 None

Meteorological models have also been used in determining realistic goals for canopy cover (Luley and 
Bond, 2002). Table F-4 summarizes the results of one such model (MM5) in estimating current forest 
cover, proposed (realistic) forest cover, and the maximum possible forest cover for three urban land 
uses in the New York City area.

F-�



Table F-4. Existing, Proposed and Maximum Tree Cover for Urban Land uses Based on a 
Meteorological Model (Source: Civerolo and others, 2000)

Land Use
Forest Cover %

Existing Proposed Maximum

Commercial, Industrial and 
Transportation

14 24 48

Low-Density Residential 33 43 68

High-Density Residential 25 35 41

F-�
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